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Circular Electron Positron Collider (CEPC)

CEPC is an e*e” Higgs factory producing Higgs / W/ Z bosons and top quarks,
aims at discovering new physics beyond the Standard Model

Proposed in September 2012 right after the Higgs discovery
Upgrade: Super pp Collider (SppC) of +/ ¥~ 100 TeV in the future.

Potential CEPC Sites -~ -
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S CEPC Major Milestones

CEPC-SPPC Kickoff (2013.9)

= . CEPC CDR Released (2018.11)

e

CEPC
Conceptual Design Report

Volume | - Accelerator

arXiv: 1809.00285

The CEPC Study Group
August 2018

Public release:

First CEPC IAC Meeting (2015.9)

November 2018

Conceptual Design Report

Volume Il - Physics & Detector

arXiv: 1811.10545

The CEPC Study Group
October 2018

Editorial Team: 43 people / 22 institutions/ 5 countries




CEPC Major Milestones

CEPC Accelerator TDR
released in December, 2023

IHEP-CEPC-DR-2023-01
CEPC Accelerator TDR Review

June 12-16, 2023, Hong Kong IHEP-AC-2023-01

CEPC —
Technical Design Report Distribution of CEPC PrOJeCt TDR

— ‘ cost of 36.4B RMB (~4.7B Euro
CEPC Accelerator TDR Cost Review Accelerator ( )
Sept 11_15’ 2023, Hong Kong Table 12.1.2: CEPC project cost breakdown, (Unit: 100,000,000 yuan)

Total 364 100%

arXiv:2312.14363 T s,

Temee £ 5%

1114 au t h O rS Experiments 40 11%

2 78 i n S t i t u tes Contingency (8%) 27 7.4%

it} e (159 foreign institutes) e
Domestic Civil Engineering 38 countries

Cost Review, June 26, 2023, IHEP ® Accelerator
5 1 0 L » Conventional facilities

m Gamma-ray sources

® Experiments

The CEPC Study Group
December 2023

» Contingency

ot CEPC IAC 2023 Meeting
Oct. 30-31, 2023, IHEP




522 Global HEP Consensus on Higgs Factories

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

20 13,2016. China XiangShan Science Conference thpk,ring Pathways to Innovation and Discovery in Particle Physics
. e
COﬂCl Uded th a.tCE PC IS the beSt approadmd a N 8,‘1’?,2(}3‘2" Report of the Particle Physics Project Prioritization Panel 2023

major historical opportunity for thaational
developmendf acceleratorbasedhigh-energy
physicsprogram

2017:Japan Association of High Energy Physicists
(JAHEP) proposes to construst250 GeV center
of mass ILC promptly as a Higgs factory.

" Recommendation 6

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

2020: EuropeanStrategyfor Particle Physics
An electronrpositron Higgs factory is the highest

priority next collider.For the longer term, the decade that makes decisions on the US accelerator-based program at the time when
0 o o major decisions concerning an off-shore Higgs factory are expected, and/or significant
Euro pean pal’tlcle phyS|CS Communlty has the adjustments within the accelerator-based R&D portfolio are likely to be needed. A plan
.y . for the Fermilab accelerator complex consistent with the long-term vision in this report
2020 UPDATE O T EUROPEAN STRATEGY ambition to operate a proteproton collider at the should also be reviewed.
. . The panel would consider the following:
by the European Strategy Group
hlgheSt aChIevabIe energy' 1.The level and nature o! US contribution in a specific Higgs factory llcluding 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

A 1 rtfolios.

20220 CFA fireconfirmed the S
. . 3.A plan for the evolution of the Fermilab accelerator complex consistent with the longterm
consensus on the Importancad'ﬂlggs 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 supp P5 report, USA, 2023
for the abovanentioned Higgs factory proposals ’ ’ 6




¢ Comparison of nggs factories: Circular vs Linear &)

CEPC Accelerator white paper for
Snowmass?21, arXiv:2203.09451

-m—- FCC

—e— CEPC

- = CEPC-Upgrade
ILC
ILC-Upgrade

—4— CLIC

-4-- CLIC-Upgrade

Luminosity [ 10** cm?s]

—
IIII|

10°

CEPC has strong advantages among mature
e*e- Higgs factories (design report delivered) /s [GeV]

-

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
0 Lower construction cost




2 CEPC Physics Program

U All elementary particlesi n t he SM are discovered,
theory. But we still have many open questions to be addressed:

o Is mass hierarchy of elementary particles normal ?

o Is fine tuning of Higgs mass natural ? m

o Why a meta-stable vacuum ? / ( |

o What are the dark matter particles ? "ﬂ I
o Unification of interaction at very high energy ? “ ‘ ]E Q
oe |

U Higgs is considered as a new tool to explore physics beyond the SM.

U CEPC can produce millions of Higgs bosons and trillions of Z bosons
with i ¢ | e eta-aollision, it can provide unprecedented precision on
Higgs, EW, QCD and flavor physics, and probe new physics up to 10 TeV.
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Higgs coupling precision can
be improved by an order of
magnititude

Pllrecision of Higgs coupling measurement (7-parameter Fit)

#_ [ HC300/3000fb™"
#» CEPC 240 GeV at 5.6 ab 'wi/woHL-LHC

Relative Error
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Chmese Physies € Vol 43, No_ 4 (2019) 043002

CEPC Physics Program: Precision Measuremen

EW measurement can be
improved by a large factor

Electroweak Fit: S and T Oblique Parameters
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Precision Higgs physics at the CEPC”

Fenfen AnC4& 252" Yu Bai('134)"  Chunhui Chen(Bi2EE¥)™"  Xin Chen(lé4id#)’
csda Costa'  Zhenwei Cui( 1 e idd)'
" Yanyan Gao( @4 a3 )™

' Fangyi Guo(# A 82" Jun Guot#B7)" Tao Han( @l

Yaquan Fang( 4 b 5"

Yuanning Gao(s k)

Shih-Chi
Chia-Ming
Haileng 1
Zh

Zhen Liu(

Mang
Yifang W

Mingrui Zhaso(#49112)"

Xianghu Zhao(E #1156

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

Ning Zhou(J&]57)"™

Zhenxing Chen(Bidh »%)'
Chengdong Fu( {4 )"
Shiofeng Ge( SR
Shuang Han(#k #¢)*
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Direct and indirect probe to
new physics up to 10 TeV, an
order of magntitude higher
than the HL-LHC
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I I CEPC can reveal new physics at energy ~ 10 TeV or higher |9

y
o 1one s



Standard
Model

h h=+2-3 h—+2-3-4 h=2—=(1+3)
Standard Dark
Model H Sector {< {<< *<< <§

7,

ecay back to SM

< 107, Higgs decays into BSM particles, HA X; X,
1 0_44 i { 95% C.L. upper limit on sele}cted Higgs Exotic Decay BR
i | o HL-L1C )
1079 m CEPC (5.6ab™)
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Zhijun Li ang&EPChassignificantly better detection sensitivity for
dark matter and selected Higgs exotic decays than HL-LHC 10
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CEPC Concepts

CEPC Key Scientific Issues and Technologies Route

>
High Precision
~1%

Detector
Particle Flow

Detector & Accelerator

j v’ Multi-purposed Acc.
v New concept Detector
v Cost, added values

Design & Implementation ]

New Physics , ,
v High Granularity

~10 TeV v Good Resolution v Spill-over
- :
v Dark Matter <« Higgs: 1%-0.1% < Rf}mble xt A .
v Extended Higgs ¥ EW:0(10°-10%) v Management
v Composite Higgs VSieurrent v Collaboration
v Supersymmetry v Flavor .
High Lumi. *
—> ~1034-36¢m 251 Accelerator
Operation mode A 44 Higgs 4 IPS/ 100 km
Center-of-mass energy (GeV) 91 160 240 v Higgs: 20 ab' <=—p
Operation time (year) 2 1 10 7 A 100 ab-1 v Switchable Operations
Instantaneous luminosity/IP (10**em—2s~1) 115 16.0 5.0 <&4--- v W: 6 ab-! v Upgr‘adabﬂlty
Integrated luminosity (ab—!, 2 IPs) 60 3.6 12 v Top 1 ab-! v Large Piwinski angle
Event yield (30 MW) 25%10'2 1.0x10% 2.5 x 10° with Crab-waist
Event yield (50 MW) 40x 102 1.6x10% 4.0x 108 seaee

11
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&, CEPC Accelerator Design and Layout

~

A 100 km double ring design (30 MW SR, upgradable to 50MW, ttbar)
A Switchable operation for H, Z, W and top modes YuhuiL i 0s |t :
A Shared tunnel: compatible design for booster, CEPC and SppC

H/W/Z/tt switching operation scheme

Inner Ring

Outer Ring

Inner Ring

Outer Ring

3-in-1 tunnel

TUNNEL CROSS SECTION OF THE ARC AREA

Cost optimization '©tH*2+TOP) . s wingprrz -

1800 41P_30MW_2M higgs +1TZ >

5 ®— 30MW_2M higgs+1T Z
% 1600 ® 30MW_1M higgs+1TZ
S —e—4IP_30MW_2M higgs+1T Z+1M top
= 1400 —e— 30MW_2M higgs+1T Z+1M top o R
[-% |
] #— 30MW_1M higgs+1T Z+1M top s <
S 12000 0% NN ol ST D | |00 LS. e B LK1 HDar oo oA L
Q 1200 —&— SOMW_1M higgs+1T Z+1M top(50MW) g < >
T Inner Ring
2 1000
o
<] )
2 800 . > ars .. s
] —e— o — [ 650 MHz 5-cell cavities . 650 MHz 2-cell cavities IZ] 650 MHz 1-cell cavities

600 +—* .

L}
$——% -
400

20 40 60 80 100 120 140 160 180 200 220

V: 12
JINST 17 P10018 (2022)  creumierence arXiv:2312.14363




CEPC Operation Plan
Lumi per IP Intﬁ?ra}ted Total
(10%cms?) perr;/]éar Integrated Lumi| Total Events
1
a2 Ips)| @ 21PS)

50 8.3 2.2 21.6 4.33 10°
30 5 1.3 13 2.63 10°
50 192** 50 100 4.13 1012
30 115** 30 60 2.53 1012
50 26.7 6.9 6.9 2.13 108
30 16 4.2 4.2 1.33 108
50 0.8 0.2 1.0 0.63 109
30 0.5 0.13 0.65 0.43 109

* 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, 3 Tesla for all other energies.

*** Calculated using 3,600 hours per year for data collection ( ~250 days with 60% efficiency). 13




G A New Lab: CERERF Test Facility (

TSSO,

PAPS)

S by

A New Lab (4500m2) at Huairou Beijing, next to HEPS | = ‘ s
A A cryogenic system: 2.5KW@4.5K or 300W@2K
A Ovens and clean rooms for cavity production

A 2 horizontal and 3 vertical SRF test stands

A About 200 SRF cavities / year
A Testing of klystrons, electron guns, magnets, etc.,
A NEG coating of vacuum pipes, ATF in the future

T (LA

= L, N>-doping & Nb,S
Cryogenic ||| ;

300W@2K l‘/

Optic inspection,
pre-tuning

VT dewars S
4 cav/ week

8 cavities, 8 couplers,
& 1 CMevery2 weeks
__—a\ N




U 1.3 GHz 9-cell SRF cavity for booster:
U 650 MHz 2-cell SRF cavity for collider ring: Q,=6.0E10 @ 22.0 MV/m
u 650 MHz 1- ceII SRF cavity for collider ring: Q, = 6.0E10 @ 31.0 MV/m

Vertlcal test of 650 MHz-ZeII caV|ty

Qo =3.4E10 @ 26.5 MV/m

Vertical test of 650MHz tell Cavity

o7 [ [ U .
E 1.0E+11 Q
_ SEsseEcE: 000 oun ““Jﬂ - : . : . , ; . ;
5E10 - s : : (: e == I \ 0" ‘M“““““'
¢ Vv 1 A
; =" g SN B I8 1 e Q utlpactlng ‘““““
eof et e e CEPC spec for ““‘ baaa, >
SEcRgRssd H ' s e vertical test ‘7’ Aka, A
5 L ‘Hé. L] CEPC spec o
3E10F = 3 epec K
5 e SRF cavities exceed CEPC specifications 2
2 ke LCLS-II-HE spec NG
M EsEii e S j o 650S4: @ Mid-T baking, ® Cold EP
E v Ey i = I e 65085: A Mid-T baking, A Cold EP
; ;28 5745 3028 Ererrer % CEPC spec
1E10 E- Note: stainless steel flange loss corrected Expgspec : ’5; A: *'ILC spe At 2 K 20 K
5] = | P S BRI D S B Bl B | 109 1 | | | | | ] |
o 5 10 15 20 25 30 35 40 LOE9 ! ‘ 0 5 10 15 2 25 30 35 40 45
E...(MV/m) 000 500 1000 1500 2000 2500  30.00 E... (MV/m)

Medium-temperature (Mid-T) annealing

Eacc (MV/m)

N-infusion adopted to reach
adopted to reach Q= 3.4E10 @ 26.5 MV/m Q,= 6.0E10 @ 22.0 MV/m

ColdEP and MidT baking
Q,=6.0E10 @ 31 MV/Im 5



@z CEPC R&[3:3 9-cell High Q Cryomodule
CEPC Booster 1.3 GHz SRF R&D and industrialization
In synergy with CW FEL projects
P Horizontal test] CEPC Booster | LCLS-Il, SHINE LCLS-II -HE
arameters )
results Higgs Spec Spec Spec
Average usable CWE_..(MV/m) 23.1 3.0x10°@ 2.7 10°°@ 2.7 1010 @
Average Q, @ 21.8 MV/m 3.4x 1040 21.8 MV/m 16 MV/m 20.8 MV/m

16




The 18t Klystron prototype, achieved efficiency ~62%
The 2nd Klystron prototype was tested in Feb. 2024, achieved efficiency ~77.2%

The 3" Klystron prototype (MBK) with manufacture underway, design efficiency is ~80%

N CEPC R&lbiigh Efficiency Klystrons

High efficiency Klystron helps to reduce electricity consumption

CEPC at 800 RMB/MWh and 6000 hours/year The 3 multi -beam Klystron

130M RMB

700 . (MBK) under fabrication
Save Money o

600 -

1 year

500 -

1

1

1

i

90 M RMB i

1

400 i
1

1

\/

300 -

Excessive electricity bill, M RMB

\‘H‘\
100 - i i
! ! 80 T T T T T T T
0 . . . . : : — . — . : / —=—TEST -
t 40%  45%  50%  55%  60%  65%  T0%  75% | 80%  85%  90%  95%  100% e EMSYS-2.5D " /“ g
The 1 st Klystron (tested) The 2n Klystron (tested) Efficiency, % [ —— CST-3D / 1

Efficiency (%)

f=2}
<
T

Test results of the™® |
/ klystron prototype

15 80 85 90 95 100 105 110 11¢
High Voltage (kV)

60 -

25




<26 CEPC R&lAccelerator Key Technologies

: - e . © Prototype
CEPC accelerator key technologies R&D in TDR covers Q/SpeCIflcatlon Met & Manufactured

all component ||§t9d in the CDR. | ’

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

integration, control, alignment) to be completed by 2026. +/ Magnets 222
‘/ Vacuum 18.3%
f RF power source 9.1%
,/ Mechanics 7.6%
a/ Magnet power supplies 7.0%
o« SCRF 7.1%
J Cryogenics 6.5%
J Linac and sources 5.5%

J Instrumentation 5.3%
f Control 2.4%
f ‘{Survey and alignment 2.4%
‘/ Radiation protection 1.0%
L,J) SCmagnets 0.4%

Q/ Dampingring 0.2%
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&, CEPC Conceptual Detector Designs

(Baseline Design) J—
Magnet Particle Flow Approach 2T Magnet | oom

(3T/2T)

IDEA concept
(also proposed for FCC-ee)

Yoke + Muon (RPC or mRWELL) Presh (MRWELL)
reshower (m

LumiCal

_— ;
- T —"
T -

PFA HCAL Yoke + Muon (mRWELL)

PFA ECAL

Si Pixel Vertex The 4t Concept

SIT TPC SET
D ETD

PFAHCAL
Partially Yoke

Magnet (3T/2T)

PID (DC+ToF)

FST concept
(Full Silicon Tracker)

Crystal ECAL

Silicon Tracker
(Transverse bar)

19
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N LRSI 2" 20yKCSS Ldung

Zhijun Liarl

Novel detector design based on
PFA calorimeter. Aim at improving
BMR from 4% to 3%

Detector  World-class level 4% concept

PFAbased
(ECAL)

PFAbased
(HCAL)

20> K K9f o: k K

pJ/E: EK I nE: EkK K

(240 GeV)
T ‘ T T T i

O_O7j| | T T T | T T T | T T T | T T
- CEPC [ 7z - vvqq (ud) Cleaned ]
0.06 [JWW — j1vqq (ud) Cleaned —

r [ ]zH — vvgg Cleaned ] uon+Yok
0.05:— E Si Tracker Si Vertex Tracker (TPC/DC)

with outer layer

u Silicon combined with TPC or DC for better tracking & PID
1 |0 Crystal ECAL with timing for PFA and better EM resolution
0 Scintillating glass HCAL for better sampling and resolution

0.04F

0.031-

AU./0.5 (GeV)

0.02

0.01:

080 80 100 120 140 160
m; (GeV) 20



Gz ) CEPC R&L[3licon Pixel Chips

_ - Develop COFFEE for a CEPC tracker
2 layers / ladder R.,~16 mm : ~5mn .
a tin Goal: s(IP) ~ 5 mm for high P track using SMIC 55nm HV-CMOS process

CDR design specifications

Single point resolution ~ 3em
Low material (0.15% X, / layer)
Low power (< 50 mW/cm?)

A Radiation hard (1 Mrad/year)

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

% @ % % Arcadia by Italian groups

JadePix-3 Pixel size ~163 23 mm? TaichuPix-3, FS 2.5x1.5cm2  CPV4(SOI-3D) 64x64array  for IDEA vertex detector
it e e 25x25 um? pixel size *21><17Hm2 pixel size LFoundry 110 nm CMOS

LD D

‘¥ .“\“u““““““““-““““““““1

Tower-Jazz 180nmCiS process

. . , B 4 1_,.’,, Z ,f ZEZ -
Resolution 5 microns, 5&'W/cm N R A T

'
'

MOST 1

MOST 2
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CEPC Detector R&D: Silicon, TPC, DC Prototyp

Amplitude (mV)

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

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

A DC between
2 outer layers

Full silicon

Can be optimized specifically for PID: larger cell trackers

size, no stereo layers, different gas mixture.

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

| K/m separation vs momentum (6=90" )

E + 10, o
A | l Signal —— ovann
r * Noise 5 8f [ o ovenmmetommeom |
I § [
| fhly | P —
}‘\ ‘“l“lg,‘g g ¢ i ~——
hM 1 ’l-‘»"‘-" ] kS : ¢
00 e e we s e % S5 . e )
Time (ns) Momentum (GeV/c)

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

Baseline main tracker
o(r-¢) ~100 um

GEM-MM cathode TPC Prototype + UV laser beams

MOST 1 (IHEP+THU)

o 65 nm CMOS ASIC

" Power<2.5 mW/ch &

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.

£,-200Vicm , E=200vicm , V,,_ =400V

T2K gas
= AICAH10(95') o

B EE S S

|
98.42um |
|

b e ———T 5000 5000

E R )

VoM

W e B

o. <100 um for drift lenath of 27cm

2883

Low power FEE ASIC

22



