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Can be downloaded from

//cepc.ihep.ac.cn/

http

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

IHEP-TH-2018-01

CEPC

, CEPC
Conceptual Design Report
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The CEPC Study Group The CEPC Study Group
August 2018 October 2018

Editorial Team: 43 people / 22 institutions/ 5 countries



The Circular Eleciron Positron Collider
(CEPC)
Physics Program




The CEPC Program ‘>W2W§r"
100 km ete- collider 2

_ / Mass WW threshold HIggs

0 91 160 240

C}l Z-O ' '

&

é)

o 30 - -

& 20 - .

o : 106 events
- (5.6 ab-1)
210 - :

: 3

- ,

£ 0 . B T !

- O 40 30 120 160 24000 240 280

Center of Mass Energy [GeV]

2 IPs
planned



The CEPC Program
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The CEPC Program *M
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Updated Parameters of Collider Ring since CDR

- Hges  z@
o er lpdaed . ok Updated
' B U TR B
Synchrotron radiation loss/turn (GeV) 1.73 E 1.68 E 0.036 E - :
Piwinskiange 2.58 E 3.78 E 23.8 E 33 :
Blnchnumber(BuRchSpacing) N 242 (0.68ys) - 218 (0.68ps) - 12000 E 15000 E
Beam current (mA) 17.4 E 17.8 E 461.0 E 1081.4 E
ShcheioimdaenpeBSRONY w0 - . s | s
Cellnumbericavity 2 5 ' 5 2 5 1 5
Bfunction atIPBA1B (M) 0.36/0.0015 L 0330001 0.2/0.001 :
Emittance &/, (nm)  121/0.0031  :  0.89/0.0018  :  0.18/0.0016 - : :
BesmsizeatiPGlG) (M 20.9/0.068 17.1/0.042 6.0/0.04 :
Bunchlengtho,(mm) 32 393 851 ms
Luminosity/lP L (10%cms) 293 .. ._252 . 32.1 eo]016
N—""7
Luminosity increase factor: x 1.8 x 3.2



Updated Parameters of Collider Ring since CDR

45.5

120

1.73 : 1.68 0.036

2.58 : 3.78 E 23.8 E 33

15.0 17 8.0 15
242 (0.68ys) =  218(0.68pus) = 12000 E 15000

17.4 ; 17.8 E 461.0 E 1081.4

30 : : : 16.5 E 38.6
. : : 1 :
Tﬁﬁ%” poss"iﬁ“l‘@ Iu 2] ff&‘gﬂy Increases

1.21/0.0031 0.0018 0.18/0.0016

have not yet-been absorbed into
|5hy5|cs and defecior studies

2.93 32.1

Luminosity increase factor: x 1.8



The Physics Goals — Shopping List

Precision tests of Standard Model . : .
(Higgs, W and 2) Potential to find new physics

Higgs boson and electroweak symmetry breaking

Exotic Higgs boson decays
Exotics Z boson decays

Dark matter and hidden sectors
Extended Higgs sector

Directly exploring new physics

Precision as determination

Jet rates at CEPC

QCD dynamics, soft QCD effects

QCD event shapes and light-quark Yukawa couplings

QCD precision measurements

* Rare B decays
Flavor physics at the Z pole e Tau lepton decays
 Flavor violating Z decays



ICurrent CEPC Organization

Meets yearly

_ _ International Advisor
Steering Committee Committee y

Y.F. WANG (IHEP),.... Young-Kee Kim, U. Chicago (Chair)

Barry Barish, Caltech
Hesheng Chen, IHEP
Michael Davier, LAL
: : Brian Foster, Oxford
PrOJeCt D|reCt0r Rohini Godbole, CHEP, Indian Institute of Science
XC LOU David Gross, UC Santa Barbara
George Hou, Taiwan U.
Q. QIN Peter Jenni, CERN
N. XU Eugene Levichev, BINP
Lucie Linssen, CERN
Joe Lykken, Fermilab
Luciano Maiani, Sapienza University of Rome
Michelangelo Mangano, CERN
Hitoshi Murayama, UC Berkeley/IPMU
Katsunobu Oide, KEK
Robert Palmer, BNL

Joh C
Theory Accelerator Detector o Shoeey, Oxtord

HJ HE(TH) J. GAO (IHEP) J. Costa (IHEP) Steinar Stapnes, CERN

Geoffrey Taylor, U. Melbourne
JP MA(ITP) CY Long (IHEP) S. JIN (NJU) Henry Tye, IAS, HKUST .

XG HE(SJTU) SN FU (IHEP) J. Wang(IHEP) Yifang Wang, IHEP
Harry Weerts, ANL

Institutional Board
YN GAO
J. GAO




International Expert Review Commitiees

Recommended by the International Advisory Committee in 2018

Accelerator Review Committee

Advises on all matters related to accelerator design and R&D including the
Machine-Detector interface and upgrade capabilities

Detector R&D Review Committee

Reviews and endorses the Detector R&D proposals from the international community,
such that international participants can apply for funds from their funding agencies
and make effective and sustained contributions

First meetings happened in November 2019



The Circular Eleciron Positron Collider
(CEPC)
Accelerator and Detectors




CEPC Accelerator Chain and Systems

Energy ramp
10 GeV

>

45/80/120 GeV

10 GeV

Booster
100 km

njector

- Booster and CEPC
- SPPC

Collider
Ring
100 km

The key systems of CEPC.:
1) Linac Injector
2) Booster

Vs = 90, 160 or 240 GeV 3) Collider ring

2 interaction points 4) Machine Detector Interface
5) Civil Engineering

. 45/80/120 GeV beams s CDR provides details of all systems

- = E ,V )
J— 10

— o G
. 7



The CEPC Baseline: LINAC Injector
_LINAC: 1.2km

OR. flectron Linac By-pass

SRR TR ER AR T L 3 ﬂﬂﬂ 4999 4494 9994}

e

|

| ——————

LR N F | |
VAT | u | 2 oavrs = A ‘ | |
| 1 MV/m

gl (LI JULLLLLLL
21 MV/m F s_l_l ald

dImMpirg . . _
21 (3) klys. 84 accel. tube 3 klys. 6 accel. tube ng 9(3) lys. 76 accel. : 29 (4) klys, 116 eccel. tube

PSPAS

Booster

;;., | /’-\
Positron target # - - . -

Positron Ring lectron Ring

et/e- beam energy:
10 GeV
Injection exergy 10GeV

Total beam transfer
efficiency: 90%




The CEPC Baseline: LINAC Injector
__LINAC: 1.2km

OR. flectron Linac By-pass L

4444 44444494494 L

10 GeV

A
T

Jklys. 6 accel. tube
PSPAS

Booster

Positron Ring lectron Ring

;;., | /’-\
Positron target # e

et/e- beam energy:

45 GeV Plasma Wakefield 10 GeV

Accelerator considered Injection exergy 10GeV

as an alternative Total beam transfer

efficiency: 90%

To be tested in Shanghai's
Soft XFEL Facility and SLAC
FACET-II




The CEPC Baseline Collider Design

Double ring
Common RF cavities for Higgs

N .
Outer Ring TWO RF SeCtlonS In tOtaI

Inner Ring

Two RF stations per RF section

Outer Ring

[nner Ring

10 x 2 = 20 cryomodules




CEPC TDR Technology Demonsiration Platforms
J. Gao

1) CEPC injector technology demonstration platform (including damping ring)
2) CEPC booster and collider ring magnets technology demonsiration platform

3) CEPC booster and collider ring vacuum system technology demonstration
platform

4) CEPC booster and collider ring SCRF accelerator technology demonstration
platform

5) CEPC MDI technology demonstration plaiform (including SC magnets,
installation, alignment)

6) CEPC tunnel components alignment and installation technology demonstration
platform (40m long Mockup)

7) CEPC plasma accelerator injector technology demonsitration plaiform
(alternative to conventional injector)

13



Accelerator key technologies R&D — prototypes
IHEP SHINE 1.3 GHz 9-cell cavities (BCP)

CEPC 650 MHz Cavit
4 reached design goal

1l mnunmmnrmmllmwunnmm-n

"

9
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:
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-
¥
1% +
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b
- e
;

A i :
P I . -
p y
= J ’ " "y

%

-

=
| ﬁv v‘

Collaboration with Photon Source
projects in Shanghai and Belijing
(1.3 GHz cavities)

.
- {3
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Accelerator key technologies R&D — prototypes

CEPC 650 MHz Cavity CEPC 650 MHz Cryomodule( 2 x 2-cell Model)

Collaboration with Photon Source
projects in Shanghai and Beijing
(1.3 GHz cavities)

15



Accelerator key technologies R&D — prototypes

1st CEPC 650MHz Klystron
Prototype Manufacture

2019/11: Bake-out

High Efficiency Klystron

“High efficiency klystron collaboration consortium”, including IHEP,
Institute of Electronic) of CAS, and Kunshan Guoli Science and Tech.

3 high-efficiency

TF ‘1||Innnnnrllnnnn| nml_lnnnnrlnn|l1n' l — klystron (up to 80%)

prototypes to be built
by 2021

2019/12: Delivered to IHEP

2020/1 -3: High-power test
at IHEP

16



Accelerator key technologies R&D — prototypes

High Efficiency Klystron
CEPC 650 MHz Cavity

“High efficiency klystron collaboration consortium”, including IHEP,
Institute of Electronic) of CAS, and Kunshan Guoli Science and Tech.

3 high-efficiency

: TF ‘“|Innnnnrllnnnm nml—lnnnnnnn|l1nv l — klyStron (up tO 80%)

Collaboration with Photon Source
projects in Shanghai and Beijing
(1.3 GHz cavities)

prototypes to be built
by 2021




Accelerator key technologies R&D — prototypes

High Efficiency Klystron
CEPC 650 MHz Cavity

“High efficiency klystron collaboration consortium”, including IHEP,
Institute of Electronic) of CAS, and Kunshan Guoli Science and Tech.

3 high-efficiency
klystron (up to 80%)
prototypes to be built
by 2021

Collaboration with Photon Source
projects in Shanghai and Beijing | |
(1.3 GHz cavities) 1200 1200

=]

Booster low-field dipole magnets s
- &~ . 1mlong prototype

N - e =

(‘“/ = 2 ; “

Lmag=5 M, Bmin=30 Gs, Errors <56x10-4 j ’.

18



CEPC Site Selection

(Red are actively progressing forward)

AleazikRng

Ml g
sl : J’ 1
aoniT g

Bonltusng [Raer Menmele P

LIEBE]
CinyElua Shan

Eaman ;
Sheered  Henem

e iXizan ) S{eh A (T fbe ankii

Tanad
N 4

AU

wfc \ =

' pobi A d? i . o ' ': ) R
&y oF ERrEmE: emnE ‘ e = 1 f#- s 1 ha A WS R g YT
SIEIANRS

1) Qinhuangdao, Hebei Province
2) Huangling, Shanxi Province

3) Shenshan, Guangdong Province
4) Huzhou, Zhejiang Province

5) Chuangchun, Jilin Province

6) Changsha, Hunan Province
19



Civil engineering

Civil engineering design very advanced

1.

2
3.
4

8.

9.

11

A

B
C.
D

1

-

Accelerator Region Caverns:

Surface Buildings of Linac Segment

. Linac Segment

Transfer Line

. Tunnel Complex of RF Region

Detector Region Caverns
Main Ring Tunnel
Auxiliary Tunnel

Access Tunnel

Surface Buildings of Experiment Hall

10. Surface Buildings of RF Region

. Surface Buildings of Shaft for Access and Cable

12. Shaft for Access and Cable

Detector Region Caverns:

. Experiment Hall

. Service Cavern

Transport Shaft

. Shaft for Access, Cable and HVAC
Booster Bypass Tunnel

Main Ring Tunnel

. Traffic Tunnel

. Auxiliary Tunnel of RF Region
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CEPC: These are NOT detector collaborations

CEPC plans for
2 interaction points

High
magnetic field

concept
(3 Tesla)

<

=

I

S

Full silicon
tracker IDEA Concept
also proposed for FCC-ee

concept

s
e
Y

S
=

=

—

| §
N == :‘:«3:‘-‘-

Final two detectors WILL be a mix and match of different options .



Machine-detector interface (MDI) in CEPC

Final focusing quadrupoles (QD0) need to be very close to IP

Detector
acceptance: o
+ | “-'m‘j
>+ 150 mrac o e e
7
Solenoid magnetic .Connea'on
: o interface of
field limited: — . detector and
2-3 Tesla = | accelerator SC magnets,
due to beam emittance J et cryostat and their
blow up e support

Cooling of beampipe needed — increases material budget near the interaction point (IP)

Workshop last week: https://indico.ihep.ac.cn/event/11801/ 2


https://indico.ihep.ac.cn/event/11801/

Detector R&D Major R&D Breakdown 17 documents

1. Vertex
1.1. Pixel Vertex Prototype

1.2. ARCADIA/LFoundry CMOS
2. Tracker

4. Muon Detectors
4.1. Muon Scintillator Detector
4.2. Muon and pre-shower MuRWell Detectors

5. Solenoid
2.1. TPC 5.1. LTS Solenoid
2.2. Silicon Tracker 59 HIS Solenoid
2.3. Drift Chamber 4 MDI

3. Calorimeter | 6.1. LumiCal Prototype
3.1.ECAL Calorimeter 4.2. Mechanics

3.1.1. Crystal Calorimeter 7 IDAQ
3.1.2. Scintillator-Tungsten
3.2. HCAL PFA Calorimeter
3.2.1. DHCAL
3.2.2. Sci AHCAL
3.3. DR Calorimeter

8. Software and Computing

24



Projects overview

PBS

1.1
1.2

2.1
2.2
2.3

3.1
3.1.1
3.1.2
3.2
3.2.1
3.2.2
3.3

4.1
4.2

5.1
5.2

6.1
6.2

Task Name

CEPC Detector R&D Project
Vertex

Vertex Prototype

ARCADIA CMOS MAPS

Tracker

TPC Module and Prototype
Silicon Tracker Prototype

Drift Chamber Activities
Calorimetry

ECAL Calorimeter

Crystal Calorimeter

PFA Sci-ECAL Prototype

HCAL Calorimeter

PFA Digital Hadronic Calorimeter
PFA Sci-AHCAL Prototype
Dual-readout Calorimeter
Muon Detector
Scintillator-based Muon Detector
Muon and pre-shower uRWELL-
Solenoid

LTS solenoid magnet

HTS solenoid magnet

MDI

LumiCal Prototype

Interaction Region Mechanics
Software and Computing

Page Subtasks Context

5 9
6 6
6 12
6 3
4 3
5 6
3 3
4 5
4 4
5 5
4 5
5 a4
4 4
4 4
4 2
3 4
7 11

CEPC
Generic

CEPC
Generic
FCC-ee/CEPC

CEPC
CEPC

CEPC
CEPC
FCC-ee/CEPC

CEPC
FCC-ee/CEPC

CEPC
CEPC

ILC/CEPC
CEPC
CEPC

Total subtasks: 95

Team

China+ international collaborators
INFN, Italy

IHEP, Tsinghua
China, UK, ltaly
INFN, Novosibirsk

IHEP, Princeton + others
USTC, IHEP

SJTU, IPNL, Weizmann, |IT, USTC
USTC, IHEP, SITU
INFN, Sussex, Zagreb, South Korea

Fudan, SJTU
INFN, LNF

IHEP+Industry
IHEP+Industry

AC, IHEP
IHEP
IHEP, SDU

17 documents, total: 80 pages

Document Responsible

Zhijun, Ouyang
Manuel Rolo

Huirong
Harald Fox, Meng Wang
Franco Grancagnolo

Yong Liu
Jianbei Liu

Haijun Yang, Imad Laktineh, Shikma Bressler
Jianbei Liu
Roberto Ferrari

Xiaolong Wang, Liang Li
Paolo Giacomelli

Zhu Zian
Zhu Zian

Suen Hou
Hongbo Zhu
Li Weidong, Ruan Mangqi, Sun Shengseng, Li Gang

25



Projects overview: Schedule

PBS Task Name Finish 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1l H2 H1l H2
26/12/31 . 1 CEPC Detector R&D Project

CEPC Detector R&D Project

Vertex
Vertex Prototype
ARCADIA CMOS MAPS
Tracker
TPC Module and Prototype
Silicon Tracker Prototype
Drift Chamber Activities
Calorimetry
ECAL Calorimeter
Crystal Calorimeter
PFA Sci-ECAL Prototype
HCAL Calorimeter
PFA Digital Hadronic Calorimeter
PFA Sci-AHCAL Prototype
Dual-readout Calorimeter
Muon Detector

Scintillator-based Muaon Detector Prototype

23/12/29
23/12/29
23/12/29
24/12/31
23/12/29
23/10/31
24/12/31
24/12/31
24/12/31
21/12/31
24/12/31
22/12/30
21/12/31
22/12/30
24/12/31
24/12/31
23/12/29

Muon and pre-shower uRWELL-based detectors24/12/31

Solenoid
LTS solenoid magnet
HTS solenoid magnet
MDI

LumiCal Prototype

Interaction Region Mechanics
Software and Computing

26/12/31

25/12/31&

26/12/31
22/12/30
20/12/31
22/12/30
20/12/31

1 Vertex

Vertex Prototype

ARCADIA CMOS MAPS

1 Tracker

TPC Module and Prototype
Silicon Tracker Prototype
Drift Chamber Activities

Crystal Calorimeter

1 Calorimetry
1 ECAL Calorimeter

PFA Sci-ECAL Prototype

1 HCAL Calorimeter

PFA Digital Hadronic Calorimeter
PFA Sci-AHCAL Prototype

Dual-readout Calorimeter

1 Muon Detector

Scintillator-based Muon Detector Prototype
Muon and pre-shower pRWELL-based detectors

1 MDI

LumiCal Prototype

Interaction Region Mechanics

1 Software and Computing

1 Solenoid
LTS solenoid magnet
HTS solenoid magnet




Baseline Pixel Detector

25 cm

19 om 3 double ladders of silicon pixel sensors

+ Innermost layer: osp = 2.8 um

Low material budget

~ 0.15%Xo per layer

Integrated sensor and readout electronics on the
same silicon bulk with “standard” CMOS process:
- low material budget,
- low power consumption,
- low cost ...

Pixel Detector prototype: (by 2023) - Barcelona, IFAE
Towerjazz - - Liverpool
— - Oxford
- RAL
- QMU
- UMass, US

e Developing full size CMOS sensor for use in real size prototype, with good radiation hardness =

PN i et

Collaborating with:




Second Version submitted in February

DeS|gn Status of TaichuPix2

H s SHEEROIMDE Submitted on Feb 18, 5*Smm
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readout architecture e B LA AT L= et columns
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for power supplies
) ) ) SR skl b ok ek bk IS e e b o) i 8b10b encoder added for Triggerless
TaichuPix1 Chip output and balanced datastream
received in Nov 19

and tested

43151 38

r4ts

X-chip buses added for multiple chip

Pixel size: 24x 25 um?2 . .
interconnections




Development path of CMOS Pixel Sensors:

Collection
diode bias (V)

<10V (ac-
coupled)

Pixel size
(Thy

22 X 22

In-pixel circuit R/O architecture

amp., discriminator,
binary output

Rolling shutter

Electrical
functionality
verified

Small pixel,
Power < 100
mW/cm?

N R DR BN DN BAENDEEDRNEDN

‘4 e O LD e o v
;' 08 B e 158 - cEE WS W W R B ‘ -
15 A00h £ (e et o 1) e 1) ey L obod yrier ) L

9 il

25 X 25 reverse bias

16 X 26
16 X 23.11

reverse bias

Low power front-
end, address
encoder

Data-driven,
Asynchronous

Low power front-
end, binary output

Rolling shutter with
end of col. priority
encoder

All prototypes in TowerJazz 180 nm CIS process
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JadePix2 (IHEP)
3 X 3.3 mm?
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Dq: |

2017.05

MIC4 (CCNU & IHEP)
3.2 X 3.7 mm?

e
! Sy S - D I P Y

Electrical
functionality
verified

Small pixel, fast
readout

Production
finished

Small pixel, low
power

e r———— -
1
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JadePix3(IHEP, CCNU, Dalian Minzu Unv., SDU)
10.4 X 6.1 mm?
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SOI Pixel Sensor Development at IHEP

Prototypes in LAPIS 200nm Double-SOIl process LAPIS 200nm Pinned Depleted Diode process

16pum *16um with in-pixel Thinned down to 75um thick -  Dedicated bias scheme to
discrimination Temporal noise ~6e- minimize capacitance
Double-SOIl process for Threshold dispersion (FPN) ~114e- - Optimized for low FPN 12e
shielding and radiation Single point resolution ~2.3um - Pixel matrix divided as 45
enhancement measurement under infrared laser regions, to verify design
options
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Mechanical Design

Studying different layouts, and materials

Si pixel chips (50um)
Ladder of inner layer(16.8 x 131 mm): Ladder of outer two layers(16.8 x 264 mm ): flex cable | %zfn‘#?a%%on

10 chips total including both sides 20 chips total including both sides Carbon Fer(100ym)
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Calorimeter options

PFA Calorimeter ] l-l @

zalor
HCAL

e
E WFiRGSERN | ron

meter for |

_digitﬂ analog | digital—ﬂ

Silicon scintillator |MAPS ‘Scintillator‘ RPC lGEM ‘

Micro
megas

Chinese institutions have been
focusing on Particle Flow calorimeters

Detector challenges:
- Compact design
- Calibration of channels
- Cooling
- Cost

Scintillator tiles/strips
(here 3 x 3 cm?2) + SiPMs

International collaboration with several institutes (ltaly, France, USA)

Prototypes of up to ~1 m3to be produced by 2023

Studies started on a Crystal (LYSO:Ce + POWO) ECAL/ Dual readout calorimetry
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New Ideas: Crystal Calorimeters

Three new segmented calorimeter proposals based on crystals
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! readout at both ends i | optical readout at single ends

Yuexin Wang (IHEP), et al ' Tully (Princeton), Eno (UMD), et al '
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Software and Reconstruction algorithms

After the CDR it is a good time to re-evaluate our software tools
Improve simplicity, flexibility, efficiency and collaborative nature
Important to use common tools as much as possible

Workshop in Bologna, June 12-13, 2019 (FCC, CEPC, ILC): https:/agenda.infn.it/event/19047/
with follow up in Hong Kong, Jan 17, 2020 (http://iasprogram.ust.hk/hep/2020/workshop_experiment.php)

Converged to a Turnkey Software Stack (Gaudi)
International Effort (key4dhep-sw@cern.ch) started last year
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Most Immediate Path for the CEPC Realization

March, 2018: Chinese Government New Plan
"actively initiating major-international science project...”
http://www.gov.ch/zhenqgce/content/2018-03/28/content 5278056.him

focuses on
“frontier science, large-fundamental science, global impact, international collaboration”

Plan Goals

By 2020: 3-5 projects will be chosen into “preparatory stage”, among which 1-2 projects
will later be selected

By 2035: 6-10 projects will be cultivated

The Ministry of Science and Technology (MOST) will select and develop the projects

Cultivation proposal submitted in 2019

Key task (4): Actively participate in large scientific projects initiated by other countries


http://www.gov.cn/zhengce/content/2018-03/28/content_5278056.htm

CEPC Project Timeline
",

2012.9 CEPC-SPPC Concept

S
v

% .20139
Sl i |
20195

Construction
(2022-2030)

\

* 2022 Release of Acc. 1DR
* 2016.6 R&D funded by MOST
« 2018.5 1** Waorkshop outside of China

e 2018.11 Release of CDR

Project kick-off meeting
R&D funded by IHEP

Release of Pre-CDR

2018.2 15110 T SC dipole magnet built

* 15T SC dipole magnet & HTS cable R&D

F° 2019-2021 Big Science cultivationkﬁ
. . . =|| Operation

* Site selection, geological surveys

and civil engineering design

* Key technology demonstration &
system verification

HTS Magnet R&D Program

* 2023-2027 Tunnel & Infrastructure construction

* 2022-2027 Acc. components mass production;
2028-2030 installation, alignment & calibration,
followed by commissicning

* 2023 Decision on detectors and release of
detector TDRs; 2024 -2030 detector construction,

* 20 T dipole magnet R&D with Nb;Sn+HTS or HTS

o i, e i

Alternatives: ep/eA




Main International Workshops

US meetings

Chicago: September 16-18, 2019
hitps://indico.cern.ch/event/820586/
“Washington’: April 22, 2019 (FEPC)
hitps://indico.cern.ch/event/896263/

’W’w T

CEPC Yearly International Workshop ,,

' I\ I\ & ‘\\“ A
0 ‘J A I\ ‘.‘I“"“ .\‘ \%\N:S:N‘\:b\:\‘\'\: :

Shanghai: October 26-28
hitps://indico.ihep.ac.cn/event/11444/

2020 European Edition
postponed to next year

Marsellle, France



https://indico.ihep.ac.cn/event/11444/

US Showmass, 2021 and CEPC

e Letters of Intent

e CEPC will submit four overview Letters of Interest (LOI) to Showmass that cover four main CEPC-SppC
dlreéds (each of the LOIs is 2 pages in length)

e CEPC ete- Detector R&D and experiment
e CEPC Physics and simulation
e CEPC ete- Accelerator
e SppC accelerator superconducting magnet R&D
e Planning to submit others Lol focused on specific R&D or scientific questions

e Everyone is welcome to join these according to their interests
e Contributed papers

e Will work in the context of the Showmass process and plan to submit several contributed papers in
physics and/or R&D. These will have to come from individuals interested in contributing

e Deadline: July 31, 2021

Meanwhile, ...
Look forward to hear about the outcome of the European Sirategy Process
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Final remarks

The Higgs at 125 GeV makes e+e- circular machines an exciting possibility
CEPC accelerator studies well advanced

Two significantly different detector concepts developed but
final detectors are to be defined by International Collaborations and they are likely
to incorporate a mixture of the technologies explored so far

Key accelerator and detector technologies R&D continues and are being prototyped

2022: CEPC Accelerator TDR expected Large synergies between
2023: CEPC International Detectors TDRs needed R&D and already
2030: Data-taking ideal starting date approved projects

CEPC aims to be an International Global project
At least one future high-energy et*e- collider should be built
Continued world-wide coordination effort is crucial to realize such project
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CEPC
web site

http://cepc.ihep.ac.cn/
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Future High Energy Circular Colliders

The Standard Madel (SM) of particle physics can describe the strong, weak and
electrormagnetic interactions under the framework of quantum gauge field theory. The
theoretical predictions of SM are in excellent agreement with the past experimenta
measurements. Especiclly the 2013 Nobel Prize in physics wes awarded o F. Englert and P.
Higgs "for the theoretical discovery of a mechanism that contributes to our understanding of
the origin of mass of subalomic particles, and which recently was confirmed through the
discovery cf the predictec fundamental oartficle, by the ATLAS anc CMS experiments ¢t
CERN's Large Hadron Collider".

Aller Ine discovery of the Higgs parlicle, it is nafural to measure ils properlies as precise as
oossible, including mass, spin, CP nature, couplings, and etc., af the current running Large
Hacron Cellider [LHC] and future electron posifron colliders, e.qg. the International Linear
Collider (ILC). The low Higgs mass of ~125 GeV makes possible a Circular Eleciran Posiiron
Collider (CEPC) as a Higgs Factory, which has the advantage of higher luminosity to cost ratio
and the pofential to be upgradea o a praton-proton collider to reach unprecedcented high
energy and discover New Physics.

The CEPC input for the European Strategy

Accelerator
Acceleralor Acdendum
Physics and Detector

Panel Discussion on Fundamental Physics

Circular Electron Positron Collider

ORGANIZATION RESULTS v WHY SCIENCE JOIN US v pre-CDR Author~

Hll'-'l,’( j@m

Sas i

}'"‘){g};\ q.b
gu-.

Recent Events

The 2012 Internatfional Workshep on
lhe High Energy Circular Eleciron
Pgositron Collider, [HEP, Nov. 18-20th,
2019

the 2018-20192 yearly Meeling_ ol
MOST project "'Hich Energy Circular

Electron Positron Collider Key

‘ecnnoloqgy Research and Validalion™
was held in IHEP

More...

CEPC Conceptual Design
Report

CEPC CDR Volume | [Accelerafor)

CEPC CDR Volume |l (Physics and
Detecter)

More...

1y
 What's new After the Higgs discovery:
X Where is the Fundamental Physics going?

CDR
Download
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B Proton collider

Possible scenarios of future colliders B Electron collider
Electron-Proton collider

mmmm Construction/Transformation

= +years RALLIEN |L.C: 250 GeV Preparation
% 20km tunnel 2an!
- m tunnel 40 km tunnel
8 years | . : e
g 57 f;rz)i/;z/lzg/zzlo = SppC aim similar to FCC-hh
c 100km tunnel Edee 2
O . 11 years | )
B e FCC hh: 150 TeV =20-30 ab-
8 years 10 years 50/160/250 GeV 1.7 abl
100km t ] 150/10/5 ab-1 11 years
 Pank FCC hh: 100 TeV 20-30 ab-L
8 years 15 years )
100km tunnel FCC hh: 100 TeV 20-30 ab
— b
E HL-LHC: 13 TeV 3-4 ab-1 HE-LHC: 27 TeV 10 ab-!
@) =

2 years b6years |LHeC: 1.2TeV .
BN ) 5 1 10 FCC-eh:3.5TeV 2 ab

> years ALl CLIC: 380 Gev [ 1.5 Tev 3 TeV
T TR I
11 km tunnel 1.5 abt 2.5 abt 5 ab-l

29 km tunnel 50 km tunnel

13/05/2019  UB



Cost of project
Total cost of CEPC: SUS 5 Billion

General evaluation of the relative cost of the project provided in the accelerator CDR

M Accelerator | S M Collider

® Civil
M Booster
W Detector

. Linac & sources
B Gamma-ray line

B Proj management W Damping ring

W Contingency ® Common systems

Cost of detectors not evaluated in detail and not part of the Conceptual Design Report
Careful costing estimates will be done moving forward towards the TDR .



Power consumption evaluation
Power consumption during Higgs running: 266 MW

22% efficiency (larger than other projects): 60 MW beam — 266 MW total
Power consumption mitigating measures

B RF power source

= Cryogenics Limit synchrotron radiation power to 30 MW
Magnet power supplies per beam

B Vacuum system

Instrumentation Use superconducting RF cavities

Radiation protection

Control system Use high efficiency klystrons

Experimental devices

Juilities Use permanent magnets in the 1 km Linac to

Booster transport lines

General services

Use a 2-in-1 structure for Collider dipoles and quadrupoles

Combine dipole and sextupole functions in the Collider bending magnets

Use a large coil cross section in the quadrupoles

Tevatron: 58 MW; LHC, 7 TeV: ~180 MW 44



Main Parameters of Collider Ring (CDR)

120

1.73

2.58
15.0
242 (0.68ps)
17.4
30

0.36/0.0015
1.21/0.0031
20.9/0.068

3.26
0.29
0.67
2.93

80 45.5
100
0.34 0.036
16.5%2
7.0 23.8
12.0 8.0
1524 (0.21us) 12000 (25ns+10%gap)
87.9 461.0
30 16.5
0.36/0.0015 0.2/0.0015 0.2/0.001
0.54/0.0016 0.18/0.004 0.18/0.0016
13.9/0.049 6.0/0.078 6.0/0.04
650 (216816)
5.9 8.5
0.35 0.55
1.4 4.0 2.1
10.1 16.6 32.1



Challenge: Low-field dipole magnets in Booster ring
Booster Cycle (0.1 Hz)

B field to be known at 0.1% (0.03 Gauss) level

Earth magnetic field:
0.25 to 0.65 Gauss

29 Gauss 338 Gauss 29 Gauss

10 GeV 120 GeV 10 GeV
from Linac jnjection to collider from Linac

On-going R&D program



High luminosities in circular colliders

Property FCC-ee (100 km) CEPC (100 km)
Beam energy (GeV) 45.6 80 120 175 45.6 80 120
Luminosity/IP (1034cm-2s-1) 230 28 8.5 1.5 32 10 3
Bunches/beam 16640 2000 393 48 12000 1524 242
Bunch separation (ns) 20 160 830 8300 25 260 680

%
Cr
{a )y o
¢

s

H 1 ] 36 '2 '1
Luminosity up to ~ 1036 cm-?s Crossing angle of 6. ~ 30 mrad

to avoid parasitic collisions

Large number of bunches

- o nse q u e n c es f o r d ete ctor d e5| g n ,
- Crossmg angle atlP -

Bunch sepqrqhon impacts overall de5|gns;
No power pulsmg of detectors




