Overview of the CEPC Project

Haijun Yang (for the CEPC study group)
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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 2012 right after the Higgs discovery
Proposed to commence construction in ~ 2026 and start operation in 2030s.
Upgrade: Super pp Collider (SppC) of V¥~ 100 TeV in the future.
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Potential CEPC Sites .~

m m Higgs (Z) factory

Ring length ~ 100 km
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arXiv:1809.00285, arXiv:2203.09451




vl CEPC Major Milestones

EPC CDR Released (2018.11)
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Volume | - Accelerator
Volume Il - Physics & Detector

arXiv: 1809.00285 arXiv: 1811.10545

The CEPC Study Group The CEPC Study Group
August 2018 October 2018

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



CEPC Action Plan Since CDR

CEPC CDR: first for a circular e*e- Higgs factory

Public release: November 2018

IHEP-CEFC-DR-2042-01 IHEP-CEFC-DR-2042-02
IHEF-AC-Z018-01 IHEF-EP-2045-01

IHEP-TH-ZF1E-01

CEPC

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 October 2018

Editorial Team: 43 people / 22 institutions/ 5 countries

Since 2019

CEPC project with R&D
towards

(1) Accelerator TDR (2023)

(2) Detector key technologies
R&D and establishment of
seeds for International
Collaborations

|dentify challenges and
devise solutions




¢ Consensus in HEP Community &e Higgs Factory

Clear onsensus in HEP community v Community Summer Study

2013,2016:the CEPC is the best approaemnd a FT SN 2@8 WMASS

major historical opportunity for theational " EER
developmentf acceleratorbasechigh-energy il i 1y July 17-26 2022, Seattle
physicsprogram ‘

Seattle Snowmass Summer Meeting 2022

Given the strong motivation and existence of proven technology to build an e*e~

; ; ; ; i ; Higgs Factory in the next decade, the US should participate in the construction
2 O 2 O QIECUOH'DOSIUOH nggS faCtOTy lS the hlgheSt-pﬂOTlty next COlh rthe of g?\y facilit;y that has firm commitment to go fon:ard_ pa
[ \ longer term, the EWODERM PaTICe PYSICS COMvmuy s the ambiion {0 operate. ke <7 cotiders ave he, vebice, that wit, mable » high prechion phics program I the
Europ% = ?trategy a proton-proton collider at the highest achievable energy. Accomplishing these i;iéijgzﬁsggjgpci’sfg‘;;gigft;‘;t“hl;f;jtgr;%‘;‘; Ef,r‘;;;Eifi‘jniif,‘il"%;ﬂ;C_“;“%f;‘if%jﬁiﬁ;}_’jﬂf%;
ruk compelling goals wall require mnovation and cutting-edge technology: implementation of a Higgs factory i important, as there fs considerable US support for
initiatives that can be achieved on a time scale relevant for early career physicists.
arX|V 22 1 1 . 1 1084 COMMUNITY PLANNING EXERCISE: SNOWMASS 2021
Il n April 2022, the International Committee for Fut

on the importance & Higgs factory as the highest priority for realizing the scientific goals of particle physics
and expressed support for the abawentioned Higgs factory proposals. Recently, the United States also proposed
new linear collider concept based on the cool copper collider (C3) technddjy [
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¢ Comparison with other international Higgs factories @)

CEPC Accelerator white paper for
Snowmass21, arXiv:2203.09451
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CEPC has substantive advantage among mature etggs factories (design report delivered)

Versus FGEe Versus Linear Colliders
o Earlier data: collisions expected in 2030s (#2040s) o Higher luminosity for Higgs and Z runs

o0 Large tunnel cross sectioeé¢ & pp coexistence) o Potential upgrade for pp collider
0 Lower cost~%2 the construction cost with similar
luminosity up to 240 GeV




Highlights of CEPC R&D



CEPC Physics Program (White Papers)

CEPC Operation mode ZH Z WHW- ttbar
VY € "Hf ~ 240 ~91.2 | ~160 | ~360

Run time [years] 10 2 1 5
4 21
Latest | L/ IP[310% cm?s] 8.3 191.7 | 26.6 0.8
TDR _ 48 @bl 2 IPs] 20 96 7 1
COMW) ™ entyields [2 IPs] | 48106 | 43102 | 50107 | 53108

Physics similar to FCC-ee, ILC, CLIC

x 2019.3 Higgs White Paper published (CPC V43, No. 4 (2019) 043002)
x 2019.7 Workshop@PKU: EW, Flavor, QCD working groups formed
x 2020.1 Workshop@HKUST-IAS: Review progress, EW draft ready

x 2021.4 Workshop@Yangzhou: BSM working group formed
x 2022.5 Workshop of CEPC physics, software and detector

x 2022 Input for Snowmass study

arXiv:2205.08553

t@plcal

worksho'(:;:EEPC Physms and DetectorJuly Peklng U (2019)
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Gz ) CEPC Physics Program (CDR)

e*e-annihilations at the CEPC

A CEPC can make detailed study of various physics processes

A Higgs bosons are detected via recoil mass of the reconstructed
Z, allowing for model independent & full investigation of the
Higgs and any new physics that Higgs may reveal

A Very challenging events with missing neutrinos and jets are
well reconstructed and identified

e ] — - : . B R e e i . 10000 T = : : ,
= [ — Total 1 i CEPC 2018 - CEPC 2018 L CEPC 2018 e
o I - waw fus| CEPCCDR ] 14000 5.6 ab~!. 250 GeV = CEPC Simulation 5.6 ab™!. 250 GeV 1 o i D ZZ—wqq
- - usicn 4 | ZX—ppx — S+ BFit ZX—e'ex A -V ‘ ) ]
250 | — ZZfusion ] - o 8000 | - Signal 0.015 [ Www—ivag
! ] 12000 £ - Background
' ! ZH—viqq
. > [ 19
B 1 v
200 Tuotal ] _ 10000 |- P 3 _ 3
1 3 i i 1 & 6000 3
1 o0 i ;4 0 2 0.010
150 ] S 8000 |- = CEPC Simulation ] s =
] £ i — S+ BFit £ 2
~~] 2 6000 | HI | (- Signal 1 2 4000 g
100 i AR - Background 1 g L
4000 i % 0.005
5
50 a"a —wwH[WW fusion) 2000 L
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sian i MR
1 ! x ] PO A [ : 1 it e L PP L1 ¢ D gy —
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Chinese Physics C Vol. 43, No. 4 (2019) 043002 I x O(100 B Journal / arXiv papers
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= CEPC Physics Program

A Precision Higgs, EW, flavor physics & QCD measurements at unprecedented precision
A.{a LK2arda 6S®3d RINYI YIFGGdSNE ORvsdalkl 4§

Precision of Higgs coupling measurement (kappa0 fit)

1
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‘f u HL-LHC S1/S2
- -1
240 GeV, 20 ab 360GeV, 1 ab - s CEPC 240 GeV @ 20/ab / + 360 GeV @ 1/ab
ZH vvH ZH vvH | eeH ol
. . L '
inclusive 0.26% 1.40%| \ X\ 2 10-2
H—bb 0.14%| 1.59% |/0.90%|1.10% |4.30% ke ’
o
H—cc 2.02% 8.80%| 16% | 20% 1072
H—gg 0.81% 3.40% 4.50%| 12%
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— . (s} (] (o}
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H—> 7171 0.42% 2.10% |4.20%|7.50% 102 B T =
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otE E
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arXiv:2205.08553 I CEPC can reveal new physics at energy ~10  TeV or higheri1 I




CEPC Physics Program: Higgs and EW

A Precision Higgs, EW, flavor physics & QCD measurements at unprecedented precision

{,

A.{a LKearOa o0SPI>d RINJ] YI (TaVsddE 92t ¢x {!
Observable  current precision CEPC precision (Stat. Unc.)  CEPC runs main systematic SM

Amyg 2.1 MeV [37-41] 0.1 MeV (0.005 MeV) Z threshold Ebeam DO | 80478 + 83 &

ATy 2.3 MeV [37-41]  0.025 MeV (0.005 MeV)  Z threshold B CDF | TG T @

Amy 9 MeV [42-46] 0.5 MeV (0.35 MeV)  WW threshold Ebpeam

ATy 49 MeV [46-49] 2.0 MeV (1.8 MeV) WW threshold Ejeum DELPHI 80336 + 67 @

Amy 0.76 GeV [50] O(10) MeV? tf threshold L3 80270 + 55

AA.  4.9x1073 [37,51-55] 1.5x107° (1.5x 107°)  Z pole (Z — 771) Stat. Unc.

AA, 0.015 [37, 53] 3.5%10™ (3.0x 10~%)  Z pole (Z = py) point-to-point Unc. OPAL 80415 + 52 P

AA;  43x1073 [37,51-55]  7.0x1075(1.2 x 107°) Z pole (Z — 77) tau decay model ALEPH 80440 + 51 o

AA, 0.02 [37, 56] 20x105 (3x1075) Z pole QOD effects

AA, 0.027 [37, 56] 30x10~5 (6x10~°) Z pole QCD effects DO I 80376 + 23 §ye

AGhad 37 pb [37-41] 2 pb (0.05 pb) Z pole lumiosity ATLAS 80370 + 19 |

SRY 0.003 [37, 57-61] 0.0002 (5x10-5) Z pole gluon splitting Y — .

SRO  0.017 [37, 57, 62-65] 0.001 (2x1079) Z pole gluon splitting

5RO 0.0012 [37-41] 2x10~* (3x107) Zpole  Epeam and t channel LHCb 80354 + 32 - i

6RO 0.002 [37-41] 1x10 (3x10°9) Z pole 5 CDF I 80433 + 9 ®

: o £ 5 g Mg ool Gp g @) g e allf g whe ([ pesg )iy,
di UhLE BTl wld Ll ) £ ol Ebeam 79900 80000 80100 80200 80300 80400 80500
6N, 0.0025 [37, 66] 2x107* (3x1075) ZH tun (vry)  Calo energy scale
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Standard

Model

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

| Higgs decays into BSM patrticles, 1A XX,

ecay back to SM

]

_43 E T T a1 T - I T I
C 10 e L (5ce, “w)\, . [CAC BR(>inY) < 24% (3.5%)
L, 1 0_44 r .""-a-/;q&? CEPRC BR(h=inv) < 0-31% { 95% C.L. upper limit on selected Higgs Exotic Decay BR
< :
2 - | @ HLLIC )
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1 5 10 20 3040 60 ME g5 W i MR b} tee) ) ) aef ™) e D) )71

WIMP mass [GeV]

CEPChas significantly better detection sensitivity for
dark matter and selected Higgs exotic decays than HL-LHC
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o, CEPC Design and Technical Requirements

100km Full/Partial Double Rings

Switchable operation for Higgs, W and Z

Flexible injection modes to satisfy different energies

2 2 NI fRd@sign ef a high energy/flugray synchrotron light

Innovative Design

cC: C:. C. C:

c:

High efficiency Klystron (aim at highest transfer efficiency)
U High performance SRF cavitiestate-of-the-art Q and gradient)

Technical PerformanceugigNss magnets: Weak field dipole, dual aperture magnets (First Qualified

Prototype)
Major Technology U Plasma wakefield acceleration for Injector(New Acceleration Principle)
Breakthrough U High field superconducting magnet (Iron based HTS proposal)

CEPC focuses on innovative designs and key technology R&D to
fulfill the challenging design requirement !
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70 CEPC Accelerator Design Improvement & TDR

A 100 km double ring design (30 MW SR power, upgradable to 50MW). E
A Switchable operation for H & Z, W modes without hardware change. i

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

0 1000 2000 3000 4000 5000 JGOOO

TUNNEL CROSS SECTION OF THE ARC AREA

Outside of the ring

Inside of the ring

Operation mode ZH Z WHW- tt

ESBS: Electron source & bunching system
FAS: First accelerating section
EBTL: Electron bypass transport line

PSPAS: Positron source & pre-accelerating section
SAS: Second accelerating section

TD.?‘S ghirdgcce!eratingsection \/—V é "Hﬁ ~24O ~91.2 158‘172 ~360

75 prascas - CDR (2018) 3 32 10 -
SOMIV 1.1I-iev 4(3!\/ ZDOI\ICV 1.11(;0\/ 111(‘3ev 30611/ L/ IP TDR (BOMW‘ 5 O 115 16 O 5
102.4m 243.5m 33?5m 80.9m Ill.lr‘n 1163.4m [3 10?’4 szsl] ] : :

345.9m 1 1601.3m | TDR (SOMW: 83 1917 266 08




< Specification Met
# Prototype Manufactured

J Magnets 4.47 27.3%
Vacuum 3.00 18.3%
E RF power source 1.50 9.1%
J Mechanics 1.24 7.6%
J Magnet power supplies 1.14 7.0%
J SCRF 1.16 7.1%
W Accelerator physics J Cryogenics 1.06 6.5%
M Superconducting RF .
T — J Linac and sources 0.91 5.5%
® Cryogenic system .
 Magnets J Instrumentation 0.87 5.3%
W SC magnetsin IR m Control 0.39 2 4%
W Magnet power supplies ) )
M Vacuum system .
o S P E Survey and alignment 0.40 2.4%
S Continteystem J Radiation protection 0.17 1.0%
m Mechanical system
w Radiation protection g SC magnets 0.07 0.4%
Survey and alignment
Linacand sources J Damping ring 0.04 0.2%
Damping ring
16

Figure 12.3: Cost breakdown of the CEPC accelerator technical systems.



IHEP New SCRBb (PAPS) in Operation

CEPCSCRFTest Facility is located at IHEP ~ Huairou Area (4500m 2)

—— : O st =

New SC Lab Design (4500m ?2)

Crygenic system hall

Temperature & X-ray Second sound cavity Helmholtz cail for Vertical test dewars Horizortal test cryostat
mapping system quench detection system  cavity vertical test

17
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CEPC R&D: High Q SCRF Cavities

U 1.3 GHz Zell SCRF cavity fdvooster: Q, =
U 650 MHz Zcell SCRF cavity for collider rinQ; =
U 650MHz Xcell SCRF cavity for collider rinQ; =

IHEP 1.3 GHz 9-cell Cavity Vertical Test
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Medium-temperature (Mid-T) annealing

3.4E10 @ 26.5 MV/m
6.0E10 @ 22.0 MV/m
6.0E10 @ 31.0 MV/m

All SCRF satisfied CEPC
design specifications !

Vertical test of 650 MHz-ZeII cavity

Radiation (pSv/h)
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adopted to reach Q= 3.4E10 @ 26.5 MV/m Q,= 6.0E10 @ 22.0 MV/m
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CEPC R&IMigh Efficiency Klystrons

The Pt Klystron prototype,achieved efficiency- 65%.
The 249 Klystron prototype tested at PAPS in 2022, design eff. is 7a&hjeved eff~70.5%
The 39 Klystron (MBK) is under fabrication, design eff~80.5%.

High efficiency Klystron helps to reduce electricity consumption.

The 3™ multi -beam Klystron
CEPC at 800 RMB/MWh and 6000 hours/year (MBK) under fabrication

Save Money | 130M RMB

[2)
[=}
(=}

1 year

1
1
500 - :. 90 M RMB

1
1
1
400 - !
1 . ! /
1 L ]
1 — ]
300 - i y
1
200 Plot Area
:
1

Excessive electricity bill, M RMB

40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%

The 2 Klystron (tested) Efficiency, %

i

70.0% & -
60.0%
0.0%

70.5% @ 630kW

'—:}:I"’ P ."—';"‘ : | 7 K .

- f L \ A | |

= S } 'Hﬂu R o Power vs. Efficiency
5 i i yamigt® N, B TR 10.0%
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¢ HTS SC Magnet and Irddased Superconductor

: Nb;Sn+HTS 4
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i o R iepeaton " e R |
s i i | Sme | | |
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With 10 field quality = [ Vo LD TS - e -
16T ess control, g I .‘@.‘> N ] 2212 Liatitepenee
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CEPC Plasma Injector V2.0

IHEP, THU, BNU

Booster Requirement

Energy GeV
Bunch Charge nC
Bunch length (um)
Energy Spread (%)
By (>m rad)
Bunch Size (um)

UV Laser
266nm @300fs

Coil1

= ‘I—I"I_IJIIIIIIII| jj
h= H -

Experiment Goal:

1. Decrease the energy spread from 1% to 0.1%

2. Study Hollow channel impact on beam quality

IR Laser
800nm @30fs

CEPC Accelerator: Plasma Injector

Doven e _ W. Lu, D.Z. Li
beam  P— v 10GeV 45GeV
e D |
| s, » . H PWFA-I [}
Witness >|— | nw® ed;ancC
beam GBI I— PWEFA-II
Tareet pl1 1.2nC, 2.4 GeV,
Witness _ _arge_ 0.4 GeV —Q’H‘k —I’H‘I- —I’H\FI
b pl N
45.5 o 1.0 GeVv charge_slice_xz
O. 78 T = 8.0[1/wp]
150 4
<3000 High eff. uniform  wakefield acceleration of a positron beam 1001
0.2 using stable asymmetric mode in a hollow channel plasma _ 501 Y\
E -
<800 3D Quasi -static PIC simulations show: 2 }\_/
Energy extraction efficiency ~ 30% .| '
<2000 Energy spread ~ 1% s

PRL 127, 174801 (2021)
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CEPC Key Technologies R&D
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