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Circular Electron Positron Collider (CEPC)

CEPC is an e*e  Higgs factory to deliver H/W / Z bosons and top quarks, aims at

discovering new physics beyond the Standard Model

Proposed in September 2012 right after the Higgs discovery

Upgradable: Super pp Collider (SppC) of v/s ~ 100 TeV in the future.

http://cepc.ihep.ac.cn




CEPC Major Milestones

CEPC-SPPC Kickoff (2013.9)

| CEPC CDR Released (2018.11)
n e

CEPC
Conceptual Design Report

Conceptual Design Report

Volume | - Accelerator
Volume Il - Physics & Detector

arXiv: 1809.00285 arXiv: 1811.10545

The CEPC Study Group The CEPC Study Group
August 2018 Ot r 2018

Editorial Team: 43 people / 22 institutions/ 5 countries 4




CEPC Accelerator TDR Review

June 12-16, 2023, Hong Kong
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CEPC Accelerator TDR Cost Review
Sept. 11-15, 2023, Hong Kong

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

9th CEPC IAC 2023 Meeting
Oct. 30-31, 2023, IHEP

CEPC Major Milestones

CEPC Accelerator TDR
released in December, 2023

IHEP-CEPC-DR-2023-01

IHEP-AC-2023-01

CEPC
Technical Design Report

Accelerator

arXiv:2312.14363
1114 authors
278 institutes
(159 foreign institutes)
38 countries

The CEPC Study Group
December 2023
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TDR cost of 36.4B RMB
(~4.7B Euro)

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%
Gamma-ray beam lines 3 0.8%
Experiments 40 11%
Contingency (8%) 27 7.4%

™ Project management
® Accelerator

w Conventional facilities
= Gamma-ray sources

® Experiments

» Contingency




czr€ Global HEP Consensus on Higgs Factories =)

The scientific importance and strategical value of e*e- Higgs factories is clearly identified.

2013, 2016: China XiangShan Science Conference Exploring Pathways to Innovation and Discovery in Particle Physics
o e
COﬂC'Uded that CE PC 1S the best approaCh and a N Sﬁfj‘,gtr‘;g‘ Report of the Particle Physics Project Prioritization Panel 2023

major historical opportunity for the national
development of accelerator-based high-energy
physics program.

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

2020: European Strategy for Particle Physics, P Recommendation 6
An electron-positron Higgs factory is the highest

Convene a targeted panel with broad membership across particle physics later this

priority next collider. For the longer term, the decade that makes decisions on the US accelerator-based program at the time when
o o o major decisions concerning an off-shore Higgs factory are expected, and/or significant
European particle physics community has the adjustments within the accelerator-based R&D portfolio are likely to be needed. A plan
ay . for the Fermilab accelerator complex consistent with the long-term vision in this report
2020 UPDATE OE e rope sTRATEGY ambition to operate a proton-proton collider at the should also be reviewed.
by the European Strategy Group - = The panel would consider the foIIowing:
h I gheSt a'Ch Ievable energy' 1.The level and nature oj US contribution in a specific Higgs factory hcluding an evaluation
of the associated schedule, budget, and risks once crucial information becomes available.

2.Mid- and large-scale test and demonstrator facilities in the accelerator and collider R&D

9 2 rtfolios.

2022, ICFA “reconfirmed the international PAICEN08
. . 3.A plan for the evolution of the Fermilab accelerator complex consistent with the longterm
consensus on the Importance ofaH 1ggs faCtory as vision in this report, which may commence construction in the event of a more favorable

. . . .- . - budget situation.
the highest priority for realizing the scientific

goals of particle physics ”, and expressed support P5 report, USA, 2023
for the above-mentioned Higgs factory proposals ’ ’ 6



RCer ) Comparison of Higgs factories: Circular vs Linear

CEPC Accelerator white paper for
Snowmass?21, arXiv:2203.09451
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CEPC has strong advantages among mature
ete” Higgs factories (design report delivered) /s [GeV]

2

Versus FCC-ee Versus Linear Colliders
o Earlier data: collisions expected in 2030s (vs. ~ 2040s) o Higher luminosity / precision for Higgs & Z

o Large tunnel cross section (ee & pp coexistence) o Potential upgrade for pp collider
o Lower construction cost
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CEPC Key Scientific Issues and

CEPC Concepts

Technologies Route

e

Design & Implementation
Detector & Accelerator

Detector

Particle Flow v Multi-purposed Acc.
New Physics High Precision A — v réew con;zpz Detl:ector
- 19 ranularity v Cost, added values
~10 TeV ~1% v' Good Resolution - v Spill,.-over'
. v Reliable PID —
v Dark Matter <« Higgs: 12%‘0-31% < i e
v Extended Higgs v EW:0(10°-10°) v' Management
v Composite Higgs VS cutrent v Collaboration
v' Supersymmetry v Flavor .
High Lumi.
—> ~1034-36¢m-25-1 [ Accelerator j
Operation mode Z 44 Higgs g IPS/ 100 km
Center-of-mass energy (GeV) 91 160 240 v Hi ggs: 20 abl <=p
Operation time (year) 2 1 10 v s 100 ab-! v Switchable Operations
Instantaneous luminosity/IP (10%cm=2s~%) | 115 16.0 5.0 &---" W: 6 ab? v Upgradability
Integrated luminosity (ab-_, 2 IPs) 60 3.6 12 v Top: 1 ab™?! v Large Piwinski angle
Event yield (30 MW) 25x 102 1.0 x 10° 2.5 x 10° with Crab-waist
Event yield (50 MW) 40x102 1.6x10% 4.0x10° -
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Operation mode ZH Z W+W- tt
Vs [GeV] ~240 ~91 ~160 | ~360
Run Time [years] 10 2 1 5
L /1P [x10% cm2s1] 5.0 115 16 0.5
30 P
MW [ L dt [ab™, 2 IPs] 13 60 4.2 0.65
Event yields [2 IPs] | 2.6x108 | 2.5x1012 | 1.3x108 | 4x10°
L /1P [x103* cm=2s] 8.3 192 26.7 0.8
50 P
MW [ L dt [ab?, 2 IPs] 21.6 100 6.9 1
Event yields [2 IPs] | 4.3x108 | 4.1x10%2 | 2.1x108 | 6x10°

CEPC accelerator TDR (Xiv:2312.14363)

While aiming to have a detector that matches the
needs of the whole energy range, we emphasize
more on the Higgs operation mode.
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¢ CEPC Physics Program: Precision Measurement

Higgs coupling precision can EW measurement can be Direct and indirect probe to
be improved by an order of improved by a large factor new physics up to 10 TeV, an
magnititude order of magntitude higher

Zhen L

Precision of Higgs coupling measurement (7-parameter Fit) Electroweak Fit: S and T Obligue Parameters th an th e H L - L HC
1 0.15F T T T T T 3
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Chinese Physices € Vol. 43, No. 4 (2019) 043002
95% CL reach from SMEFT fit
Precision Higgs physics at the CEPC” 10?5 M HL-LHC S2 LEP/SLD included —3
s ovng : . e y t M CEPC for all scenarios =
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Mingri Zhao( #EWITR) Xianghu Zhao( BT 1) Ning Zhou(JE]57)™

Chinese Physics C  Vol. 43, No. 4 (2019) 043002
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Energy scale probed

I < ~ 300 Journal / arXiv papers I I CEPC can reveal new physics at energy ~ 10 TeV or higher |10
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Dark

Standard
Model H Sector Standard

Sector

ecay back to SM

CEPC Physics Program: Discovery Potential

h—+2-3 h—>2-3-4 h=2—=(1+3)

DS

Higgs decays into BSM particles, H2> XX,

...L.'k;- THC BR(h—nnlv) <24% (3-5"/'0)
, 4 CEPEE‘T(h_"nV) <0.31% | 95% C.L. upper limit on selected Higgs Exotic Decay BR
o — — \. O | . HL-LHC
e . m CEPC (5.6ab™!)
M) " :
) -, o o CEPC’ (5.6ab™)
_____________ 1072

BR (h—Exotics)
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WIMP mass [GeV]

CEPC has significantly better detection sensitivity for
dark matter and selected Higgs exotic decays than HL-LHC

1



27 CEPC Accelerator Design and Layout

B 100 km double ring design (30 MW SR, upgradable to 50MW, ttbar)

B Switchable operation for H, Z, W and top modes

B Shared tunnel: compatible design for booster, CEPC and SppC

3-in-1 tunnel

total cost_H/Z/top (100million)

total cost (H + Z + TOP)

e— SOMW_1M higgs+1T Z
4IP_30MW_2M higgs +1T Z

1800
—8— 30MW_2M higgs+1T Z
1600 ® 30MW_1M higgs+1T Z
—e— 4IP_30MW_2M higgs+1T Z+1M top
1400 —e— 30MW_2M higgs+1T Z+1M top
30MW_1M higgs+1T Z+1M top
1200 —e— 50MW_1M higgs+1T Z+1M top(50MW)
1000
800
600 e g — *
400
20 40 60 80 100 120 140 160 180 200 220

Circumference (km)

Cost optimization

JINST 17 P10018 (2022)
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CEPC R&D: High Q SRF Cavities

1.3 GHz 9-cell SRF cavity for booster: Q,=3.4E10 @ 26.5 MV/m
650 MHz 2-cell SRF cavity for collider ring: Q, = 6.0E10 @ 22.0 MV/m

e

Vertical test of 650MHz 1-cell Cavity

1.0E+11 Q
¢ o = b .....r...‘ z - T T T T T T T T
e / ,\ orf - My,
SEEES sSSP InSRESSE t= TIEasss Q ultipacting
4E10 FEEEEED : CEy LA . © [awmes CEPC spec for ‘ ‘ 4 4 A A o
. ® o o g ouB 1 v N6EP “...
EESSERESaE === | & Nacp vertiﬁaltest 7’ Aig, A,
5 "SR | CEPC spec ; s
E10F = IBSHINE spec K 141 1Fi i
e X SRE cavities exceed CEPC specifications 2
b4 a® LCLS-II-HE spec e NilmdT
2E10 F : 2x Sz am s |3 Nismor 650S4: @ Mid-T baking, ® Cold EP
' E2of ogjmasss=ssas |§ e 6505: A Mid-T baking, A Cold EP
: PR e e % CEPC spec
=0 é- Note: stainless steel flange loss corrected EXFE*Lspec ; :>$ .‘: *'"_c spe: At ZK Z.OK
TS 0 15 20 25 30 35 40 LOEWD 1 ‘ 109o é 110 115 210 215 310 315 410 45
E... (MV/m) 0.00 500 10,00 15i00/ ) 2000 2500  30.00 E,.. (MV/m)
Eacc (MV/m
Medium-temperature (Mid-T) annealing N-infusion adopted to reach Cold-EP and Mid-T baking
adopted to reach Q, = 3.4E10 @ 26.5 MV/m Q,=6.0E10 @ 22.0 MV/m Q, = 6.0E10 @ 31 MV/m 13
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e CEPC R&D: 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-II, SHINE LCLS-1I-HE
Parameters :
results Higgs Spec Spec Spec
Average usable CW E_.. (MV/m) 23.1 3.0x101°@ 2.7x1010@ 2.7x101° @
Average Q, @ 21.8 MV/m 3.4%1010 21.8 MV/m 16 MV/m 20.8 MV/m

14




C#, CEPC R&D: High Efficiency Klystrons

The 1st Klystron prototype, achieved efficiency ~ 62%
The 2nd Klystron prototype was tested in Feb. 2024, achieved efficiency ~ 77.2%
The 34 Klystron prototype with manufacture underway, design efficiency is ~ 80%

High efficiency Klystron helps to reduce electricity consumption

CEPC at 800 RMB/MWh and 6000 hours/year The 3rd mUIti'bea[“ K!YStron
(MBK) under fabrication

~
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Excessive electficity bill, M RMB

45% 50% 55% 60% 65% 70% 75% I 80% 85% 90% 95% 100%

The 2nd Klystron (tested) Efficiency, %

s
S
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The 15t Klystron (tested)

15




2, CEPC R&D: Accelerator Key Technologies

: : e L - & Prototype
» CEPC accelerator key technologies R&D in TDR covers Q,SpeCIflcatlon Met &  Manufactured

all component listed in the CDR. ‘

» About 10% remaining (e.g. RF power source, machine

integration, control, alignment) to be completed by 2026. +/ Magnets 2132
Q/ Vacuum 18.3%
ﬁ:;f RF power source 9.1%
Q, Mechanics 7.6%
J Magnet power supplies 7.0%
</ SCRF 7.1%
J Cryogenics 6.5%
q/ Linac and sources 5.5%
J Instrumentation 5.3%
Le% fControI 2.4%
gf FSurvey and alignment 2.4%
J Radiation protection 1.0%
L;f SCmagnets 0.4%

J Dampingring 0.2%
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N CEPC Conceptual Detector Designs

(Baseline Design) IDEA concept
Magnet Particle Flow Approach 2T MBGNet | ) ————— (also proposed for FCC-ee)

(3T/2T) Yoke + Muon (RPC or u-RWELL)

Preshower (ui-RWELL)

LumiCal

PFAHCAL Yoke + Muon (u-RWELL)

PFA ECAL

Si Pixel Vertex The 4t Concept

SIT TPC SET PFAHCAL
1D ETD Partially Yoke
Magnet (3T/2T)

FST concept PID (DC+ToF)

(Full Silicon Tracker)

Crystal ECAL

Silicon Tracker
(Transverse bar)

17
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e ) Idea of the “4t" Concept”

Novel detector design based on
PFA calorimeter. Aim at improving

BMR from 4% to 3%

Detector World-class level 4" concept
PFA based ~ 20% / VE < 3% / VE

(ECAL)
PFA based

~ 0, ~ 0,
(HCAL) 50% / VE 40% / VE
0-07*'|"'|"'|"‘|"'(2|4?(‘ae'\ﬂ

- CEPC []2z - vvqq (ud) Cleaned -
0-05:* [CJWW — 11vq@ (ud) Cleaned

[ ]ZH — vvgg Cleaned

: Muon+Yoke
0.05F =

Si Tracker Si Vortex Tracker (TPC/DC)

with outer layer

» Silicon combined with TPC or DC for better tracking & PID
1 | » Crystal ECAL with timing for PFA and better EM resolution
» Scintillating glass HCAL for better sampling and resolution

0.04f

0.03f

A.U./0.5 (GeV)

0.02f

0.01F

=80 80 100 120 140 160
m, (GeV) 18



il CEPC R&D: Silicon Pixel Chips

Develop COFFEE for a CEPC tracker
using SMIC 55nm HV-CMOS process

SN .

2 layers / ladder  R;;~16 mm Goal: o(IP) ~ 5 um for high P track

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

Silicon pixel sensor develops in 5 series: f | = |
JadePix, TaichuPix, CPV, Arcadia, COFFEE e DT L T

% @ % % Arcadia by Italian groups

TaichuPix-3, FS 2.5x1.5 cm?2 CPV4(S0OI-3D),64~64array  for IDEA vertex detector
25x25 um? pixel size ~21 x17 um? pixel size LFoundry 110 nm CMOS

JadePix-3 Pixel size ~16x23 um?

Tower-Jazz 180nm CiS process
Resolution 5 microns, 53mW/cm?

MOST 1




Test beam @ DESY

. 2nd testbeam: April 11-23 2023 DESY test beam in Germany (4-6 GeV electron)
- Vertex detector prototype testbeam

1st testbeam: Dec 12-22 2022 DESY test beam in Germany (4-6 GeV electron)
. TaichuPix Beam Telescope testbeam

2022 DESY test

Amplitude (mVv)

Goal: 30 n/K separation up to ~20 GeV/c. ‘ A DC between

2 outer layers

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

Full silicon
trackers

Can be optimized specifically for PID: larger cell
size, no stereo layers, different gas mixture.

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

{ * Noise s

2
Separation power
\
|
]

- R R E— % 5 10 15 20
Time (ns) Momentum (GeV/c)

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

Baseline main tracker
o(r-¢) ~100 um

-

i Pov;er < 2;5 mW/cﬁ'..f"'

GEM-MM cathode TPC Prototype + UV laser beams 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.

F Eg=200Vicm , E =200Vicm , V _ = 400V 4 o

+ TaKgas
= AVICAH10(95'5)

%
VoM

o. < 100 um for drift lenath of 27cm

Dual Readout CAL

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

Main IDEA tracker

20




ScW ECAL Prototype (32-layer, 6720-ch)

Plastic scintillator

tungsten

CEPC R&D: PFA Calorimeter Prototypes =y

EBU +DIF

Y

AL

Scintillator + SIPM AHCAL Prototype (40 Iayer 12960-ch)

3 batch testing platforms built
(USTC, SJTU, IHEP)

Uniformity within £15%

72 cm




\_g CEPC AHCAL Prototype (;»\u@

- Successful beamtest at CERN SPS H8: Oct-Nov, 2022

- High energy particle beams: muons, positrons and hadrons (10 - 160 GeV)
- Suffered from beam purity issue in pion and positron beams

1 v = Goal
Crystal Scintillator (eg. 860, LYSO ) :
( — ‘ - ) + Boson Mass Resolution < 4%

+ Better BMR than ScW-ECAL

* Much better sensitivity to yle,
especially at low energy.

Bench Test
Full Simulation Studies " Optimizing PFA for crystals

Performance with photons Performance with jets

“Photodetectors (eg. FPMT, SPM )/

JC““

particles

Long bars: 1 x 40 cm, super-cell: 40x40 cm?
Timing at both ends for positioning along bar.
Significant reduction of number of channels.

Reconstructed Mass of Higgs T T i Nias

(ol gV eIl Fine segmentation in Z, ¢, r

- 1067

§ of
i 4] Mean. 1240
aipha jpha = 30 o H-yy A 80 H-gg I St Dev s754
Z= 4 layers | po- Xrwdl 2801747
S Y/ 4 O g of gegan
2} N = Sigma 4517 20137
\ Z |
» | s i e b ]
\

,
R oo cca

\ crystalFan [ ¥ o S 20F A }BMR‘S‘M R
= . 80 100 120 140 160 180

BMR of SiW ECAL ~ 2.3% Higgs Invariant Mass / GeV

\ Y h -~ 20 J

smaT.z% r \

Dual readout crystal calorimeter also being considered by USA and Italian colleagues

CALIGE SOHCAL
RDS51 GOD trigger + tracker

St e s010en - spazmesoan T

Scintillator
AHCAL
JINST 15, P10009 (2020
JINST 17, P07017 (2022)

e —————
R&D Plan: 5-D SDHCAL (X, Y, Z, E, Time)
- MRPC + fast timina PETIROC ASIC (~40 ps)

Top steel plate | ITAG
11 3

UART

MOST 1: RPC and MPGD (RWELL) R&D, MIP Eff > 95%
B ' =] =

Ethernet
SJTU ZCU102
IPNL ;
IJCLab DIF Card
OMEGA ! |
CIEMAT |

GRPC 1m x 1m (SJTU)
JINST 16, P12022 (2021

RWELL 0.5m x 1m (USTC+IHEP)

. 128 pads with the
FEBoard oy size 1cm x 16m

* Achieved major goals
* Commissioning of the first crystal module
* Validation of simulation and digitization

22



CEPC Reference Detector TDR

Det Technology Det Technology

x [JadePix Crystal ECAL » Large number of detector

t TaichuPix Stereo Crystal ECAL technology options and R&D

% CPV(SOI) - [EEEAECA projects on-going, they are not

= Stitching ‘g Si+W ECAL at similar level of maturity.
Arcadia s Scint+Fe AHCAL
CEPCPix S |ScintGlass AHCAL » Need to converge technology

E Silicon Strip RPC SDHCAL options towards a CEPC

% |TPC MPGD SDHCAL reference detector TDR

£ |Drift chamber DR Calorimeter < Start preparation in Jan. 2024

£ |PID drift chamber _ |Scintillation Bar < A draft version of TDR in Dec.
LGAD ToF S |rPC 2024

£ |SiTrk+Crystal ECAL = u-Rwell s Official release of TDR In

3 [SiTrk+SiW ECAL HTS / LTS Magnet Jun. 2025

CEPC SW

MDI & Integration

TDAQ

23




il CEPC International Collaboration

CEPC attracts significant International participation g mRMﬁQQORQSHbP T Hm,@g igﬂ

» Both CDR and TDR have significant intl. contributions
» 20+ MoUs signed with Intl. institutions and universities
» CEPC International Workshop since 2014

» EU-US versions of CEPC Workshop since 2018

» Annual working month at HKUST-IAS since 2015

THE HONG KONG
UNERSITY OF Scence Ias
AND TECHNOLOG' le‘rmrrEFo ADVANCEDSI’U DY

Hioh Fnerav ph\l§I0§ /

February 12 - 16, 2023
Conference: February 14 — 16 2023

CEPC CDR released (2018) CEPC TDR released (2023)

Public release: November 2018

IHEP-CEPC-DR-2023-01

IHEP-AC-2023-01

CEPC

CEPC Technical Design Report
CEPC
Conceptual Design Report Accelerator
Conceptual Design Report

Volume Il - Physics & Detector arX|V 2312 . 14363

arXiv: 1809.00285 arXiv: 1811.10545 1114 authors
278 institutes

(159 foreign institutes)
38 countries

Volume | - Accelerator

The CEPC Study Group
December 2023

Editorial Team: 43 people / 22 insfitutions/ 5 countries




CEPC International Collaboratlon

%l

g\ ﬁip ,',h!; ic; 4 .'i _v.-
,/i ; : ”!”

CEPC @ Rome, Italy, May 2018

l . The 2023 international on the C El Positron Collider [European Edition]

CEPC @ U. Chicago, USA, Sept. 2019

CEPC @ Edinburgh, UK, July 2023

CEPC @ Washington DC, USA, April 2020

25


https://agenda.infn.it/event/14816/?ovw=True
https://confs.physics.ox.ac.uk/CEPC2019/index.asp
http://cepc.uchicago.edu/
https://indico.cern.ch/event/863751/
https://indico.ph.ed.ac.uk/event/259/overview

6, Industrial Partners and Suppliers Worldwide

System CEPC Industrial Promotion Consortium Potential international collaborating
Magnet (CIPC, established in Nov. 2017) suppliers and partners worldwide
Power supplier (] : > sy #HE DANFYSIK N TGl TO/SINARC,
E‘ﬂ@?mmgmm X & HERE -'“'"" rﬁvﬂg}: ©HERM'NGTECHN°LDGY ° - nichicon

‘\.. 7
Vacuum —omel * o.., VACHEE “ @ ' ’ﬂ HEINZINGER Lpammm & CAEN Technologies nc. [ o, Epetrial Contetig
FWN\ESESHEHMLE PUSU ‘ ’ ‘,7

| pretary L\ DiEia ¢ rﬁ&%EﬁﬁHﬁﬁﬁﬁW‘]) HEALRY ) aASHL S0 Sanei-Kikal oo

Mechanics \il
" infininl B (1 N F UL LCoR Y o St Cheguny ledral Tehvioges o Li NMWMWWW'M > '<§iﬁ3§'§ 7 ==y = Mpec MIRAPRO
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