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CEPC action plan since CDR

Since 2019
E Public release: November 2018 5 Cement project with
- : R&D towards:
CEPC CEPC
Conceptual Design Report | Detector technologies
Volume | - Accelerator CanceptualDeszynReport déVé'Opmenf Clnd
volume [l Physics & betector establishment of seeds for
arXiv: 1809.00285 arXiv: 1811.10545 International Collaborations
The CEPC Study Group The CEPC Study Group : :
August 2018 October 2018 - E |den-|-|fy Chq"enges and
: : devise solutions

Download from: hitp://cepc.ihep.ac.cn/ ,


https://arxiv.org/abs/1809.00285
https://arxiv.org/abs/1811.10545

CEPC TDR Parameters (upgrade version)

Main Parameters: High luminosity

Higgs \Y%

Number of IPs

Circumference [km]

SR power per beam [MW]

Energy [GeV] 120 30 45.5

Bunch number 415 2161 19918 59

Emittance (ex/ey) [nm/pm] 0.64/1.3 0.87/1.7 0.27/1.4 1.4/4.7

Beam size at IP (ox/0y) [um/nm] 15/36 13/42 6/35 39/113

Bunch length (SR/total) [mm] 2.3/3.9 2.5/4.9 2.5/8.7 2.2/2.9

Beam-beam parameters (Ex/Ey) 0.015/0.11 0.012/0.113 0.004/0.127 0.071/0.1

RF frequency [MHZ] 650

Luminosity per IP[1034/cm2/s]

Increase relative to CDR:




CEPC Physics Program
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Large physics samples: ~10¢ Higgs, ~1012 Z, ~108 W bosons, ~10¢ top quarks

Physics potential similar to FCC-ee, ILC, CLIC



Detector R&D progress



CEPC Detector Concept Designs

CDR (Baseline Design) CDR R
Magnet Particle Flow Approach 2T Magnet _

IDEA concept
(also proposed for FCC-ee)

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

Preshower (u-RWELL)

Silicon wrapp-er/ ; “,\';4-.;;
A

LumiCal

Drift chamber

.\ o |
PFAHCAL e s Yoke + Muon (u-RWELL)

PFA ECAL Si Pixel Vertex o

\[=)"YAll The 4th Concept

Si Pixel Vertex

SIT TPC SET ; PFA HCAL
FTD  ETD 5. 3 Partially Yoke

%
-
.......
L
..

Magnet (3T/2T)

PID (DC+ToF)

FST concept
(Full Silicon Tracker)

Crystal ECAL

Silicon Tracker (Transverse bar)

CDR



The 4th Conceptual Detector Design

. L : - Solenoid Magnet (3T / 2T )
Scint Glass Advantage: Cost efficient, high density |

PFA HCAL Challenges: Light yield, transparency,
massive production.

Between HCAL & ECAL

Advantage: the HCAL absorbers act as part
of the magnet return yoke.

Challenges: thin enough not to affect the jet
R PRI

resolution (e.g. BMR); stability.
HI\III\HH———' Crystal ECAL «

Advantage: better n°y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
maintain good jet resolution.

A Drift chamber
that is optimized for PID

Advantage: Work at high luminosity Z runs

Challenges: sufficient PID power; thin

_ , enough not to affect the moment resolution.
Muon+Yoke Si Tracker Si Vertex

w/TOF outer layer



Detector R&D Breakdown

Total of 103 sub-tasks identified m Technology Technology
1. Vertex 4. Muon Detectors x _
1.1. Pixel Vertex Profotype 4.1. Muon Scintillator Detector < TaichuPix SIHW ECAL
1.2. ARCADIA/LFoundry CMOS 4.2 Muon and pre-shower > = |Scint+W ECAL
2. Tracker MuRWell Detectors _§_<, CPV(SOI) ‘I“E-; Scint AHCAL
2.1. TPC 5. Solenoid - S [SontGlacs AHCAL
2.2. Silicon Tracker 5.1. LTS Solenoid ehing § e
2.3. Drift Chamber 5.2. HTS Solenoid © |RPC SDHCAL
3. Calorimeter 6. MDI = |CEPCPix MPGD SDHCAL
3.1.ECAL Calorimeter 6.1. LumiCal Prototype od |Drift chamber DR Calorimeter
3.1.1. Crystal Calorimeter 6.2. Mechanics o _ .
=
3.1.2. Scintillator-Tungsten /7. TDAQ o PID DE Scintillation Bar
3.2. HCAL PFA Calorimeter 8. Software and Computing — |LGAD RPC

3.2.1. DHCAL Silicon Strip L-Rwell

S2L Ol ARCAL = |SiTrk+Crystal ECAL
3.3. DR Calorimeter _ _
SiTrk+SiW ECAL




Prototypes under evaluation

PFA
calorimeter

Sub-detector

Specification

Requirement

Pixel detector

Spatial resolution

~ 3 m

CEPC prototype

TPC/drift chamber

dE/dx (dN/dx) resolution

~ 2%

3—5pum [14-16]

Scintillator-W
ECal

Energy resolution

Granularity

~ 4% [19-21]

< 15%/+/E(GeV)

~ 2 X 2 cm?

4D crystal ECal

EM energy resolution

3D Granularity

Prototype built

to be measured

0.5 x 0.5 cm?

~ 3%/+\/E(GeV)

~ 2% 2x%x2cm®

Scintillator-Steel
HCal

Support PFA,

- had
Single hadron o

Prototyping |25]
~ 3%/\/E(Ge\/)

~ 2 X% 2x%x2cm?

< 60%/+/E(GeV)

Scintillating
glass HCal
LLow-mass

Solenoid magnet

Support PFA

: had
Single hadron o7

Magnet field strength
Thickness

Prototyping

~ 40%/+/E(GeV)

2T —-31T

< 150 mm

Prototyping

~ 40%/+/E(GeV)
Prototyping




CEPC Vertex detector R&D

CEPC Vertex detector sensor R&D timeline

- Based on Tower Jazz CIS 180nm process (Jadepix , TaichuPix)
- Based SOI 200nm process (CPV chip)

2015 2017 2019 2020 2021

' JadePix-1 “JadePix-2/MIC4 “JadePix-3 JadeP|x4/MIC5

180nm CIS process

200nm SOI process

10



CEPC R&D: Silicon Pixel Sensors

- : - - Develop CEPCPix for a CEPC tracker
2 layers / ladder R,,~16 mm Goal: o(IP) ~ 5 um for high P track based on ATLASPix3 CN/IT/UK/DE

CDR design specifications TSI 180 nm HV-CMOS process

= Single point resolution ~ 3um
» Low material (0.15% X, / layer)

» Low power (< 50 mW/cm?2)
« Radiation hard (1 Mrad/year)

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

S , P
: < e L N
5 S b S (A
. A N o
,‘\ b (‘:f\‘:' N /\\\_ ‘—
. . . >
R v NN AN g
» & S A NREE -7
B, g y '; .\\,\\-\)\ N N
‘ , NN ,
GOENS N .
< x>t a ST
ad A
! N
- n o
J D g :> Arcadia by Italian groups

TaichuPix-3, FS 2.5x1.5 cm? CPV4(SO0OI-3D),64x64array for IDEA vertex detector
25x25 um2 pixel size ~21x17 umZ plxel size LFoundry 11 0 nm CMOS

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

MOST 1



CEPC R&D: Vertex Detector Prototype

integrated readout electronics

Low-mass vertex detectors require sensors with: :
low power consumption

TaichuPix3 chips at IHEP Ladder wire bonding preparations Assembly tooling designed

s B .r \‘:' '
\ ~.. -
!“';J o/ : r
]
‘ »

Chip working well

Full vertex detector prototype test beam planned for DESY December 2022
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CEPC R&D: Silicon Tracker design

Optimization: fracker layout taskforce

7/
/
320 //Icosel=0.923
- //
300F e o
- /7 -
250 Vs FTD -
| Y e
B // //’ |cosB|=0.969
| / //
200 - >
[ -~
— SIT pd | e
| ) P
150F = e »
— / // ..--"'"’f
— « /, // e SU|=U. > Out layer of SIT
\"I' o L .Vs.\\
n / // —_— - » |nner layer of SIT Adjusting =~ /¢ - s
g screw DY AN
| 9\ '\. 4 N
4 \L" "\-’_._,‘/ N
----------- "/ \,\ v e .-_:“’.’ | ‘.I \"
------------------- ; ' , : .' 5 — Ball head joint “E | ' O ' ) }
- . —> Adjusting rods ‘\ \',' P "’-_-""('v"/ /‘
~ >End ring \ /;“ N v
~Beam pipe A A e



Silicon fracker demonstrator with international partners

HV-CMOS Tracker Demonstrator

International collaboration

e China
Institute of High Energy Physics, CAS
Shangdong University
Tsinghua University
University of Science and Technology of China
Northwestern Polytechnical University
T.D. Lee Institute — Shanghai Jiao Tong University
Harbin Institute of Technology
University of South China

* |taly

— INFN Sezione di Milano, Universita di Milano e
Universita dell'Insubria

— INFN Sezione di Pisa e Universita di Pisa

— INFN Sezione di Torino e Universita di Torino

e Germany

— Karlsruhe Institute of Technology

University of Bristol

STFC - Daresbury Laboratory
University of Edinburgh

Lancaster University

University of Liverpool

Queen Mary University of London
University of Oxford

University of Sheffield

University of Warwick

Test beam at DESY in April 2022

Start by using components developed
for other projects

smaller pixel size
(25%x150 um?2)

In-Pixel
Electronics

Passive Dioes

tn
@
©
§e.
Q
@
=
7
n
[
Q.

Scribe Line
KIT Design

3 mm

Migrate to a new process: HLMC 55 nm HV-CMOS

Possibility of producing in chinese foundry

MPW submission date: 16 August, 2021
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Drift Chamber

IDEA Drift Chamber

IDEA: Material vs. cos(0)

Yoke/u chambers

10/ Il Beam pipe
Vertex silicon
Drift chamber

| Silicon wrapper

c
%

siaqueyd ri/@jop |

~ 5% Xy-barrel

< 15% X, -forward
Solenoid coil

/SI Wrapper




CEPC R&D: Particle Identification—Drift Chamber (dN¢/dx)

Cluster counting potentially a factor ~2 better than dE/dx,
but requires fast electronics and good counting algorithms

CERN/H8 test beam
Particle Separation (dE/dx vs dN/dx) anal I Gownstream ‘,___ BN IS em Nov 2021
\ 1 ‘ - ‘ - V
\

BN trigger tile b3 box

-4
-l

u beam ¢ 10 um (Mo+Au)
165 GeV s PR 15 um (Mo+Au)
20 um (W+Au)
25 pm (W+Au)
40 um (Al+Au)

-
o

o Jul 2022

outlet ga

manifold lcm

15 um (Mo+Au)
£ 20 um (W+Au)

: P - EAS . | A
isignal cables n 1 . , . 25 pum (\N-—AU)
5 (40 cm) n” sy h j L-—om
-y "¥ . € \\. . r m— —— T m— - -

g lcm

g \ \ ] 1 beam
- - 3 LT b » 1.5cm

u
8
7
6
5
4
3
2
1
0

N Cluster Peaks tound - Ch B

Derivative
&

LR A clusterization

' \ ! L\'l‘\ \‘“N

Essential to have a high efficiency and accurate counting of clusters
Multiple peak finding algorithm are developed & tested
Test beam result seems maiched the expectation




Collaboration on Drift Chamber and Tracking - Regular meetings

Cluster counting regular meeting

September 2022

Sep 15 Meeting on cluster counting in drift chambers

July 2022

Jul28 Meeting on cluster counting in drift chambers

May 2022

May 05 Meeting on cluster counting in drift chambers
April 2022

Apr07 Meeting on cluster counting in drift chambers
March 2022

Mar 17 Meeting on cluster counting in drift chambers

February 2022

Feb 18 Meeting on cluster counting in drift chambers

- Cadlled by:

- Franco and Linghvui
- Participants from:

- I[HEP

- INFN

- Shandong University

- Jilin University

- BINP

Tracker layout optimization discussion

- Called by:

Gang and Linghui

- Participants from:

IHEP

Lancaster University
Jilin University
Shandong University
Nanjing University

October 2022

Oct 21

CEPC Drift Chamber N

September 2022

Sep 23
Sep 16

Sep 02

August 2022
Aug 26
Aug 19

Aug 12

July 2022

Jul 22
Jul 15

Jul 08

June 2022
Jun 24

Jun 10

May 2022

May 27
May 20
May 13

May 07

CEPC Drift Chamber N
CEPC Drift Chamber N

CEPC Drift Chamber N

CEPC Drift Chamber N
CEPC Drift Chamber N

CEPC Drift Chamber N

CEPC Drift Chamber Meeting
CEPC Drift Chamber Meeting

CEPC Drift Chamber Meeting

Tracker Discussion

Tracker Discussion

r Discussion

r Discussion

r Discussion

r Discussion

17



CEPC tracking with drift chamber: 4th detector

Silicon inner tracker, silicon external tracker for precise measurement provide high
resolution and still low Si-system budget

- 6 =85"
. — Si 4+ DC
| Full silicon

Drifter chamber 10-3.
s

| SIT (Si inner tracker)

Lo Tem) . - | [ 7 Forward & endcap
% 500 1000 — = trackers are not shown

Full Silicon Tracker (FST) Si+ DC
from CDR

Si + DC design gives better momentum resolution than full Silicon design ~ Pt < 50 GeV/c




CEPC TPC detector R&D

CEPC TPC detector prototyping roadmap:

Achievement

From TPC module to TPC prototype R&D for beam test

Low power consumption FEE ASIC R&D (reach <5mW/ch including ADC)
Achievement by far:

Ed = 200V/cm at T2K gas

IBFGaIn VS Vegy, Vypeey™420Y

T IBF*Galn V8 Vyyy, V.p 2340V

Supression ions hybrid GEM+Micromegas module
- IBFxGain ~1 at Gain=2000 validation with GEM/MM readout

|
'. Gain: 5000

*Galn: 2000

....
llllll

‘ GEIVI+IVI|cromegas module R&D

ZYNQ Core Board

Spatial resolution of 6,4,<100 um by TPC prototype
dE/dx for PID: <4% (as expected for CEPC baseline detector concept)

WASA VI

TPC prototype Wlth mtegrated 266 nm UV laser

Entries 21077

160mm | e c105
§=98.77um rvs 0.1008

1400 :-_ Z: / nof 5077/ 445

1600

02242

i Constant 1699 + 14.4
1200} l

Meen

4.106 £ 0.001

i S 00877 + 0.
1000 — gma 0.08877 + 0.00043

800

600+

400

200

C onlputer '

Low power consumptlon readout

Y-axis{mm)



CEPC TPC detector R&D

- Highlights of CEPC TPC detection technology R&D

Pad readout towards pixelated readout TPC to increased PID to 2-3%

- Massive production and assemble MPGD lab has been setup at IHEP

Very activate international collaboration with LCTPC and RD51

Publications by TPC group:
https://doi.org/10.1016/j.nima.2022.167241
https://doi.org/10.1109/NSS/MIC44867.2021.9875566

https://doi.org/10.1088/1748-0221/15/09/C09065

https://doi.org/10.1088/1748-0221/15/05/P05005

https://dx.doi.org/10.1142/S0217751X20410146

https://doi.org/10.1088/1674-1137/41/5/056003

https://doi.org/10.1088/1748-0221/15/02/T02001



https://doi.org/10.1016/j.nima.2022.167241
https://doi.org/10.1109/NSS/MIC44867.2021.9875566
https://doi.org/10.1088/1748-0221/15/09/C09065
https://doi.org/10.1088/1748-0221/15/05/P05005
https://dx.doi.org/10.1142/S0217751X20410146
https://doi.org/10.1088/1674-1137/41/5/056003
https://doi.org/10.1088/1748-0221/15/02/T02001

Pixelated readout TPC for dN/dx

Current full CEPC TPC reconstruction: 6 mm pads = ~4.8% dE/dx resolution

6mm — 1mm: 15% improved resolution via the charge summation (dE/dx)

e6mm — 0.1Tmm: 30% improved resolution via the cluster counting (dN/dx)

High readout granularity VS the primary cluster size optimization ongoing at IHEP

cutrent resolution in the full CEPC TPC Pad size of about 300um can record ~1 primary

/
s * Realization of pixelated technology collaborated with Tsinghua
6.0~ - Bump bond pixelated readout with | Module To be addressed by R&D
simulation result with Micromegas detector size
- mcthod, dnft 'e"g,_th: >300 pm X300 pm Research on pixelated readout technology
J. —®— cluster countfng, 200 mm . Developed the readout chip : realization
H - ® - cluster counting, 1000 mm by Tsinghua University 1-2em® +  Optimization of cluster profile and pad size
4.0m % charge summation, 200 mm . Developed the Micromegas  Study of the @NQ?EQ!S’
H “* charge summation, 1000 mm detector sensor at IHEP » Study the distortion using UV laser tracks
° test beam, pad-based: * Developmentof the new 100 cm? and UV lamp to create ions disk
3.0 H Asl'a“GEM module and prototypein the « In-situ calibration with UV Laser system
B GridGEM end of 2022 * Study of the ‘dE/dx+dN,/dx’

B Micromegas

no

o
I
1

Micromegas
detector

test beam, pixel based:

®  GridPix at full coverage
Design+assembled

ILD TPC dE/dx resolution equivalent / %

1.0 = - o] Grldf-’fx at 0D co.verage Pixelated +Produced at THEP Iiunlnp
empirical expectation: bond
0.1 readout
| | I : | l i x (pad size)
“055 100 200 500 1000 2000 6000 PCB board /# Tsinghua University

. \ C .. NS4 University
Deign+commissioning ’

Readout Ch]p at l.lllil” I'singhua | -

pad size / jm




CEPC R&D: Machine Detector Interface (MDI)

Crossing angle: 33 mrad Final focusing magnets (QDO0, QF1) with
Focal length: 2.2 m Segmented Anti-Solenoidal Magnets

!
arccos(.99 l.-'

\ P /
200 Nl Ny
100 P
£
= 0
<
100
—-200 Py /,‘\ 1 IP || Be-Al chamber | Remote Y-shape IP BPMs Lumical body X
' \arcc050.99 \\, £:-7CO07700mm || Vacuum chamber Z:855~950mm | Z:950~1110mm OLINIZI T
/; .‘\ Connector Z2:782~855mm
. ; . . . S QDo
~300l——— £ : : : A z: 700-783mm A oo 2021 Workshop on CEPC Detector
i ithi i | 99. H H
Sim) All the devices are within the detective angle, acos0 99 & MDI Mechanical DESIgn, Oct.22-23

https://indico.ihep.ac.cn/event/14392

Out layer of SIT
[ Inner layer of SIT

Beam Pipe
» 28—20 mm, Be thickness: 0.85—0.35 mm /—\

Workshop on CEPC Central Beampipe and Beryllium Application
May 6, 2022, https://indico.ihep.ac.cn/event/16173/




Calorimeter options _PFA Calorimeter |

Chinese institutions have been T HOAL
focusing on Particle Flow calorimeters 1

R&D supported by MOST, NSFC Tungsten =

and IHEP seed funding \
analeg) digital | analog dlgltal
i I I I

Silicon Scintillator MAPS Scmtlllator RPC GEM

Micro
megas

Elackome neii ECAL withSIicon an Tungsn (LR, Frane) |
+ 3 J ECAL with Scintillator+SiPM and Tungsten (IHEP + USTC)
X
Q;\<§ O . .
&) SDHCAL with RPC and Stainless Steel (SJTU + IPNL, France)

Q
0«0 Hadronic SDHCAL with ThNGEM/GEM and Stainless Steel (IHEP + UCAS + USTC)
HCAL with Scintillator+SiPM and Stainless Steel (IHEP + USTC + SJTU)

—— e e e e W, m o o wew Lawtw W

Some " Crystal Calorimeter (LYSO:Ce + PbWO)

longitudinal
gragnularity Dual readout calorimeters (INFN, Italy + lowa, USA) — RD52




CEPC R&D: Scintillating Calorimeters (ECAL, AHCAL)

Scintillator-W ECAL Prototype Scintillator + SiPM AHCAL Prototype

' | : 4 3 batch testing platferms built u°17‘,.'94i7d~»ﬁmblﬂ la
Plastic scintillator ; (USTC, SJT0, THEF) e oI s p o e o 5| 8

|

[o\o

Uniformity within 215%
\'\\\\“

\\\\\\' \\\\&

= 2\ k \.\\\2 \" \ {z

\«\‘i'ﬁ“ ‘5\‘&\‘,'@\6' AN \1&‘ AN
\\xk‘\\\ 3\\i*;‘§ \*&;\\i

N \':ww h‘;\’&\

(LT

72 ¢cm

\

|

»

® ¢ ¢ ©
A 3

9‘1010”01& o‘. o|0\}
ololoo|eo!/o olo|W|e

000000.0106

SJTU

Test beam at CERN SPS on-going, together with CALICE
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CEPC R&D: Scintillating Calorimeters (ECAL,

Combined ScW-ECAL and AHCAL test beam

| ‘!%E‘«&, fik ﬁ By
e | 5:_1".;.;5{ B it
=y R ! g "l .

S - e —
Yot - h >
” - _’

4
/(‘,))/

" Test beam at CERN SPS




CEPC R&D: New HCAL with Scintillating Glass Tiles

CEPC detector: highly granular calorimeter + tracker

Design similar to baseline AHCAL

- Boson Mass Resolution (BMR) ~4% has been realized in baseline design

- Further performance goal: BMR 4% —3%
New Option: Glass Scintillator HCAL (GS-HCAL)
- Higher density provides higher sampling fraction
Doping with neutron-sensitive elements: improve hadronic response (Gd)

.- More compact HCAL layout (given 4~5 nuclear interaction lengths in depth)

Tile size ~30%30 mm?> Reference CALICE-AHCAL, granularity, number 40 E_' E Glass_density4 04, L% & 3.11%, indf=45 9919
of channels 3 :_1* Glass_densitys,  228% & 300%, indf=35 11/
30 -
Tile thickness ~10 mm Energy resolution, Uniformity and MIP response £ eEid
o =\ : :
. _ 3 : : : D0 E e eefovesseeeeesmsspenees e mss s e e s e
Density 6-7 g/cm More compact HCAL structure with higher density E w | Energy threshold = b.1 MIP
Intrinsic light yield 1000-2000 ph/MeV Higher intrinsic LY can tolerate lower T S S S—
Transmittance ~75% transmittance ) Z; 1 R 1 R T’-““T I
: , Needs further optimizations: e.g. SiPM type '§ j_ | i |
~ N~ IP . . ’ c _ E._, B e ... i J.
MIP light yicld 150 p.e/M S1iPM-glass coupling 3 S_
; : : ° ° lebie A pared With prasticT
Energy threshold 0.1 MIP Higher light yield would help to achieve a lower R | | |
threshold e 18- T e S
o _ o _ 0 20 40 80 80 100
Scintillation decay time ~100 ns Mitigation pile-up effects at CEPC Z-pole (91 GeV) Incident particle energy (GeV)
Emission spectrum Typically 350-600 nm To match SiPM PDE and transmittance spectra Better energy resolution than scintillator
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CEPC R&D: New HCAL with Scintillating Glass Tiles

Development

GS

Production
» Mass production

Optical test

GS

Mechanical test
Research

Irradiation test

Simulation

GS

” SIPM Eesearch
HCAL Design

Single Tile Test

» Unclear Detection
GS Application

Qthers

TR#SELRFRLLA
3 q Instisute of Migh € wergy $hysna
Ny (fimese Academy of Soiemces

Jinggangshan University

gy

Al
4423

_ _ Beijing Glass Rescarch Instirure
N e BRI T bE

-

-

-

Si
i

China Building Materials Academy

WY s
A China Jiliang University
| | . "
&) itk

'e_ Harbin Engineering University
e R

m He l}bl lnﬂ:l:xu:w( Technology
‘»A it It AR e

¢ \  Sichuan University

\ n.. ‘ll '\’

Different types of glass have been investigated

---------------------------------------------------------------------------

;M . B
a 00

Optimizing

2022.09 Add BaO

. 2022 09 Density>6 g/cm?

2022.09

NC(mahzed Count

2022.05

| LY=570 phMcV

- =
!

RSN
S

202208

2022.06
LY=1094 ph/MeV
| hR l() 640 . “ ) N , | 1/:[50 ch:';,wel
Density=4.2 g/cm?
LY>1200 ph/MeV

qqqqqqqq

%0
. A *Na
Density=4.5 g/cm?

LY>800 ph/MeV

LY=807 ph/MeV
ER=29.29%

Norraboed Count
o o o
i s ) w -
. —_\‘—-
}
-

202111 202207

Density=5.9 g/cm?
LY=550 ph/MeV

Gd-Ga-B-Ce?*

.';t%"“w*'u,'\u

25000 30000 15000 40000
ADC channel

Glass scintillator of high density and light yield:
5.2 g/cm:3 & 800 ph/MeV—Gd-B-Si-Ce3* glass
5.9 g/cm3 & 550 ph/MeV—Gd-Ga-B-Ce3* glass




CEPC R&D: High Granularity Crystal ECAL

New segmented ECAL designs based on crystals

vow o .~ o . o Snlis s >
s = = N == A s Y =N SOy 2PN

S < 3 = = . " ~ o, P
e e = — 2t o Ao o e Ee . — e B TR, OB PR T O3 R By TR SO Ry e PO O .
gy - i
V '\ it A
3 ¥ °
- A 1 b
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- s S ~
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S Sy ~ e e ey
- - - - -

Crystal Scintillatfr (eg. BGO, LYSO..)

e = = Y
=] s — 7

.‘ \Photodetcc?ors (eg. FPMT, SiPM...)/' :

A Y
D', ) '
E | 3

4 1§

) \' )

‘ \’- v
’ S 0 "
) t - | E ) i
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nciaen : 1311 is
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particles P 11

- Long bars: 1 x40 cm 1
+ Super-cell: 40 x 40 cm cube $3

- Double-sided readout 1 Y

: + Timing at both sides, gives position along bar i} | Eoa segmentationinZ, ¢ andr

* Key concerns: it * Resolutions(mMm):Z~1;¢p~2;r~8

* Ambiguities in separation of close showers il . Red d dout electroni h |
+ Impact on Jet Energy Resolution (JER) & cduced readout electronics channeis
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Dual Readout Crystal Calorimeter also being consider by USA and ltalian colleagues

P BTN RSP
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CEPC R&D: High Granularity Crystal ECAL

Hardware design — Simulation and validation — Performance evaluation

. Ey)

Basic Module N Hit.
|

Crystal Scimillctfr (eq. BGO, LYSO.) 2 layer 40+40

1x1x40cm?
crystal bars

ndex |

EV 1x1x40cm*
L'\Phofodetec*lors (eg. FPMT, SiPM..)/' P

(x;, E)

>
index i
Reconiuction

—

L ‘ 1 layer 40*40
51 B 1*1%2 cm?
2 TEeOgsT= cells

Performance study with multiple
jets events of Higgs decay

index i

Crossed long bar design:
1x1x2 cm?3granularity
after reconstruction

Shower profile of 5 GeV photons:
significant increase of #hit due to a larger
Moliére radius: 2.26 cm (BGQ) vs 0.93 (W)

Hardware development: * New reconstruction software for long bars Physics performance evaluation
crossed long crystal bars * Optimizations of the Arbor-PFA for crystal ECAL with Higgs benchmarks

Goal: Intrinsic energy resolution: ~3%/VE ~1%



CEPC R&D: High Granularity Crystal ECAL

Reconstruction algorithms

Basic principles I
of clustering

Study of crystal-SiPM units

BGO crystals

algorithm
Bar 1DCluster 2DCluster 3DCluster
N S P s

X =319 X& =523 ;o

[ | 1 B I = e
XE P ¥ 9 . 60 o Hamamatsu $14160-3010PS NDL EQRO6 11-3030D-S
. : | ~ o Large dynamics | | | |

. + - SiPMs " s T 01
¢ Xz | LAl . 5 -
- 0
100 46180180 200220230 260280 300320
Ghost hits removal wmm 3x3 mm’ %3 mm?

10 um pixel x 89984
Nominal gain 1.8x10"

& um pixel x 244720
Nominal gain 810"

Cosmic ray test

Two 1x1 cm*plastic 7 o
scintillators for coincidence—. ©x6 mm-S5iPM 40 cm BGO
3 .~ S : Wl = - s =

Folnes 300
| Mean 1823
S Dav Z80.1
Undariow 43
| Overflow 17
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Pl 08454
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| MPY 13812128
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CEPC Software

Key4hep is the foundahon of CEPC software
» Based on Key4HEP = @—i——

\d

*

. Generator CEPC
+ Reuse and extend existing components ——— Applications
e Gaudi, EDM4hep, DD4hep, ... Reconstruction Analysis
< Implement the specific components for '_-..'_'_'.'_'_-.'.'_.'_f.'_:'..'_f.'_'_'.-.'_'.-.'_'_'_'_'_-_'_'_'_'_.'_'_'_.'_'_'_'.'_.'_'_'_','
CEPC | GeomSvc FWCore EDM4hep |

. : Gaudi framework
e Geometry, generator, simulation and

reconstruction algorithms, etc.

CEPCSW

|

+ Provide ready-to-work environment to ,| Lo PODIO DD4hep |
algorithm developers and physicists oo — CLHEP ||

| |

e Porting algorithms from iLCSoft to 'l Boost Python \ Cmake ‘ !

|

| |

e [ntegrate/develop more algorithms and
features https://github.com/cepc/CEPCSW



CEPC Software
Common Event Data Model: EDM4hep

CEPC uses EDM4hep, the common EDM that
can be used by all communities in the Key4hep

CEPC simulation using EDM4hep

project: ILC, CLIC, FCC-ee & FCC-hh " A(Cretare
) Generator SimTrackerHit |=——> Erta?:,er :
EDM4hep DataModel Overview (v0.6) 99 \ MCRecoTracker
| [ &V | Association
e e RawCalorimetcrHit" ParticlelD | o —>[MCPamcle — [simcalorimeferHit] - / r CalorimeterHit
imCalorimetersit. .. . ™ . O o) — Calo .
8 — (’alonmeterHNg;}.ak\ v/ DigiAlg
CaloHitContribution == ClusFr f E:“'°“"C°""“b""°'] \ e
COCD) o | — \ / P,
MCParticle i”/ Akt P ReconstructedParticle D -l- -|- d i 'l" I DD4h
'*. s " etector description using ep
|~ Track v
s k y _ | mcrecoTracke P ——4 TrackerHit === éa_'CED Venbex
imTrackerHit=—— — %= TrackerHitPlane o .
Som—— reRt ] | Reconstruction & Reconstruction work done for:
Raw Data |Digitization Analysis
Extensions o EDM4Hep for cluster counting - Silicon tracking
(
Monte Carlo Digitization Reconstruction TP.C SOffWCII'e . .
o v EDMahep: - Drift chamber tracking and cluster counting
: G
MCParticle TrackerData S frack o C a I o I’i m ete I
\ EDM4dc:
EDM4dc: EDMAdEIN -~  enizalionClusisl
SimPrimary TrackerPulse
lonizationCluster Rec pulse EDMA4dc:

Sim ionization and pulse RecDnDx



International Collaboration



Snowmass — Letters of Intent
14 CEPC-Related Detector Lol submitted

https://indico.ihep.ac.cn/event/12410/

Detector R&D
Conveners: Joao Guimaraes Costa, WANG Jianchun, Mr. Mangl Ruan (IHEP)
1500 CEPC Detectors Overview Lol 1’ : PFA Calorimeter 1’

CEPC Detector Overview LO/ Speakers: Haljun Yang (Shanghal Jiao Tong University), Dr. Jianbel Liu (University of Science and
WWOWMASSZ1-EF1_EF4-IFS _IF0-260 paf lechnology of China), Dr. Yong Liu (Institute of High Energy Physics)

Speakers: Joao Guimaraes Costa, Mr. Mangl Ruan (IHEP), WANG Jianchun Material: Slides )

Material: Paper Slides *
= = High Granularity Crystal Calorimeter 1'

IDEA Concept 1’ Speaker: Dr. Yong Liu (Institute of High Energy Physics)
Speaker: Franco Bedeschi (INFN-Pisa) Material: ' paper Slides %)

Material: Paper
pe Muon Scintillator Detector 1’

Dual Readout Calorimeter 1' Speaker: Dr. Xlaoclong Wang (Institute of Modern Physics, Fudan University)
Speaker: Roberto Ferrari (INFN) Material! ' document **)

Material: Paper
pe Vertex Lol '

Drift Chamber 1’ Speaker: Prof. Zhijun Liang (IHEP)
Speaker: Franco Grancagnolo Material: | slides  *)

Material: Pa
per MDI Lol 1'

mu~-RWELL (muons, preshower) 1' Speaker: Dr. Hongbo ZHU (IHEP)
Speaker: Paolo Glacomelli (INFN-Bo) Material: | slides )

Material: | paper
L TPC Lol 1’

Time Detector Lol I’ Speaker: Dr. Hulrong QI {Institute of High Energy Physics, CAS)
Speaker: Prof. Zhijun Liang (IHEP) Material: Slides  *)

Matenal: lid -
Slides = 7] Solenoid R&D Lol '

Keydhep 1’ Speaker: Dr. Felpeng NING (IHEP)

Speakers: Dr. Weldong U (®KEFR), Dr. Tao LIN (MREST), Prof. Xingtao Huang (Shandong University), Material: Slides **)
Wenxing Fang (Belhang University)

Material: Slides  *)




CEPC Physics at Snowmass

E ““|||I ';\

10°, CEPC input to the Snowmass 2021 - Physics cases
| -=- FCC
—a- CEPC CEPC Phyvsies Study Group
-« - CEPC-Upgrade

ILC (Dated: March 28, 2022)

ILC-Upgrade
-4~ CLIC

-4 - CLIC-Upgrade . p—
ABSTRAC]

The Circular Electron Positron Collider (CEPC) is a large-scale future collider facility

that can serve as a lactory of the Higegs boson, the W boson and the 7 boson. and is

upgradable to be also a top-quark factory. This document provides the latest nominal

operation scenario and particle yields, and report briefly the physics potential studies. This

submission is for the consideration by the Snowmass process

95% CL reach from SMEFT fit

10°- M HL-LHC S2 LEP/SLD Included —
=N | CFP‘” for all scenarios R
' : pal | thres hc d
Du_; a ) + 360GeV(1/ab) + HL-LHC
| solid shade: giobal fit

N6 | [Tev]

Attt

O OWW OBB OHV' OHB OGG ye 3W OWB OT OHO OHq OHq OHu Ol-‘d OII

» Covers Higgs, EW, Flavor, NP, etc.
Updated to the latest(TDR) beam parameters,

Strong collaboration with theory/pheno community +
clear requirement for the detector design




Essential International Partners:

 International partnership in the detector prototypes
* PFA calorimeter: with CALICE Collaboration
* TPC: with LC-TPC Collaboration
* Drift chamber: with lfalian colleague from IDEA
- Silicon tracker: with UK/Germany/Italian colleague
- Silicon vertex: with French/Spanish colleague
» Key4dhep software development

- CERN and DESY for test beams among other



CEPC Team participation in HL-LHC upgrade

Example: Silicon-based detector upgrades

ATLAS high granularity timing detector ~44% modules and ~34% sensors Project leader
(HGTD) (¥4000 modules, ~4000 sensors by Chinese foundry) Coordinators in Sensors/ modules
LHCb UT tracker upgrade System design, test and integration Deputy project leader
ATLAS ITK strip detector upgrade ~10% modules in Barrel (1000 modules ) Coordinator in China/UK cluster
CMS HGcal ~ 20% modules (Y100 m? area) silicon module
ATLAS ITK strip upgrade ATLAS HGTD CMS HGcal

Sensor developed by IHEP module prototyping

Module prototyping
SS Module =F=pr sy

/‘V

Q"_

.}f"‘" ‘

Ve i,
| Y\ 2N ’ Fo, ——




ATLAS Silicon Tracker (ITk Strips)

China (IHEP/THU) responsible for 10% barrel ATLAS ITk strip module production (>1000 10 m2)

- Work done in collaboration with Rutherford Labs, UK — China/UK cluster responsible for 50% of barrel
production — IHEP participating in the management team

 Site has passed pre qualifications and a total of 15 pre-production modules have been produced
- Carried out irradiation study for readout ASICs and sensors

« Possibly will use the proton beam at CSNS as irradiation site for quality assurance for ASICs and Sensors
- Contribute to the inner tracker system integration and test in the future

- Two FTEs from IHEP based at RAL responsible for module production and stave loading

Wire bonder
PuIIT er

Dry Box x2 in

ISO Class 7 cleanroom at IHEP




CMS High Granularity Calorimeter at IHEP

- Hosting a HGCal silicon Module Assemble Center at IHEP

- Plan prod.: ~5000 modules, >100 m2 silicon (on average of 6 MACS)

. Cleanroom, equipment, assemble procedures settled

Clean room
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CMS High Granularity Calorimeter at IHEP

Produced 7 modules (8 inch

- All have good noise level (pass lab tests)
- 2 at CERN, tested using SPS beams
- 4 at Fermilab for cassette tests

.- Passed HGCal MAC Site qualification
- Pre-production ~2023
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ATLAS Timing Detector (HGTD)

China is taking a leadership role in HGTD (IHEP, USTC, Nanjing, Shandong, Shanghai)

« 34% of LGAD sensors (IHEP-IME, USTC-IME) IHEP-IMEW2 run " 8"
* 100% module flex electronics (07/ 20T R sas- -

- 50% module hybridization —

- 44% module assembly | - g !-.gl';l.l%;
+  50% module supports WL G

+ 33% flex cables
- 67% design/100% production peripheral i __!“"

electronics s
M

* Low voltages power supplies

“OSr electrons

IHEPIME
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Project leader

HGTD risk and schedule coordinator
L2 Sensors coordinator

L2 Module coordinator

L3 Module flex coordinator

L2 sofiware coordinator

L3 Peripheral electronics coordinator
L3 High Voltage coordinator

HGTD Speakers committee Chair

Sensor performance

T=-30°C ATLAS HGTD Preliminary

Peripheral electronics tes’ring
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CEPC International Detector R&D Review Commitiee (IDRC)
Commitiee proposed by CEPC IAC

Initial Charge and Goals

Evaluate International proposals for detector R&D relevant to the CEPC

Independent organ to evaluate the importance and suitability of worldwide
detector R&D proposals for CEPC and produce short report with findings.

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

Later, this commitiee is expected to evolve to evaluate the Letters of Intent for the
CEPC Detectors submitted by the proponents of the International Detector
Collaborations

42



CEPC International Detector R&D Review Commitiee (IDRC)

Goals for original meeting, provided to commitiee:

Ovutcome of original review: Report with main recommendation to produce:

1) Document with a coherent list of the on-going of R&D activities, such that the presence of gaps and overlaps
can be determined and addressed — DONE

2) Updated CDR document within 12-18 months

3) A conservative full-detector concept, potentially deliverable on an aggressive time scale, should be specified
by the CEPC Management and adopted as the baseline for the CDR update

We, the CEPC management and IAC, didn’t agree with the production of another “CDR” document in
this timescale, due to the large amount of resources required. Instead, the decision was to move
forward with the R&D for a 4th detector
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Key previous steps:

- IDRC expressed concern that the schedule presented to them
(with detector TDRs in 2023) was not realistic and prompted the
problematic recommendations

* Follow-up IDRC meeting in 2020, planned for Marseille, was
cancelled due to COVID

» A document with the summary of on-going R&D activities was
produced and sent to the IDRC chair, as requested by the IDRC

» Since the last IAC meeting in 2021:

-  An updated version of the document with the summary of R&D
activities was produced and sent to the IDRC

- Two attempts to organize a meeting in 2022 were made by the
IDRC chair, but unfortunately it was not possible to secure the
presence of enough committee members

 Given the current international situation, the chair has
suggested a modification to the committee charge that we
would like to discuss

Document with summary of on-going
R&D activities updated in early 2022

Contents

1.1 Vertex Prototype

1.2 ARCADIA CMOS MAPS

2. Tracker

2.1 TPC modules and prototype
2.2 Silicon Tracker Prototype

2.3 Drift ChamM DT AT IVITIES  ce e ieiiceversrananrarersniararorsnserasssnsesssssiarassasasarassssnsas Error! Bookmark not definad.

3. Calorimetry

3.1 ECAL Calorimeter

3.1.1 Crystal Calorimeter

3.1.2 PFA Sci-ECAL Prototype

3.2 HCAL Calorimeter

3.2.1 PFA Semi-Digital Hadronic Calorimeter
3.2.2 PFA Sci-AHCAL Prototype

0 T Y T Lo T L 0 Lo T T L€ - .

4. Mucon Detector
4.1 Scintillator-based Muon Detector Prototype
4.2 Muon and pre-shower HRWELL-based detectors

5. Solenoid

6.1 LumiCal Prototype
6.2 Interaction Region Mechanics

8. Software and computing
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Suggestions and next steps:

Discussion with IDRC chair — suggestions on how to proceed

- Concern that, given the current international situation, effectively there are no proposals from
international community specifically to work at CEPC and it is difficult to imagine such proposals will
materialize in the near future, therefore, the charge to this committee is not actionable

Observation: This might not be exactly correct since most detector R&D work for FCC-ee directly applies to

CEPC. It is possible that, for certain communities, getting the support of this International Commitiee would be
advantageous — this seems to be the situation with our Italian colleagues

- Suggest to change the charge of the committee to become more technical covering a technical

evaluation of all detector R&D being done towards the CEPC — hence, closer to the International
Accelerator Review Commitiee charge

- Re-evaluate the committee membership in light of this new, more technical, charge, and in particular,
investigate the availability of the current committee members to still serve in such committee

Given that this committee was created following an IAC recommendation, we would like to discuss
these possible changes with you
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Suggestions for a new charge:

The IDRC will advise on matters related to the CEPC detector
R&D, including the Machine-Detector Interface, and the
compatibility of the detector technologies proposed with the
high-luminosity operation of the accelerator at the Z, WW,
ZH, and ti-bar production threshold energies.

The IDRC will evaluate international proposals for detector
R&D relevant to the CEPC, and produce a short report with its
findings.

The IDRC reporis to the Project Director.

Later, this committee is expected to evolve into an
experimental committee (similar to LHCC) to evaluate the
Letters of Intent for the CEPC Detectors submitted by the

proponents of the International Detector Collaborations

The commitiee should have external members including 2-3
IAC members.

The committee should meet at least once a year and a
report should be provided at the IAC meeting.

Current committee membership:

Dave Newbold, UK, RAL (chair)
Jim Brau, USA, Oregon

Brian Foster, UK, Oxford

Liang Han, China, USTC

Andreas Schopper, CERN, CERN
Steinar Stapnes, CERN, CERN
Hitoshi Yamamoto, Japan, Tohoku
Valter Bonvicini, ltaly, Trieste
Ariella Cattai, CERN, CERN
Cristinel Diaconu, France, Marseille
Abe Seiden, USA, UCSC

Laurent Serin, France, LAL

Roberto Tenchini, Italy, INFN

Ivan Villa Alvarez, Spain, Santader
Harvey Newman, USA, Caltech
Marcel Stanitzki, Germany, DESY
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Key R&D Issues Moving Forward



Some key R&D topics moving forward

« Machine Detector Interface
* Luminosity meter (LumiCal) - continue integration in beampipe development

» Silicon Vertex
- Continue to explore low-material budget solutions, cooling integration and performance optimization
* Major issue: Sensor technology and availability in China

» Curved silicon, as in ALICE ITS3, should be considered but it has lots of challenges that would need to
be solved in a tight fimescale

carbon foam

3 sensors (MAPS)
wafer-scale (stitched)
thinned to O(20-40) um
bent to cylindrical shape
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Some key R&D topics moving forward

. Tracker Trade off: Transparency <—> reliability /resolution

» Time Projection Chamber

- Evaluate the Pixel TPC possibility \iT"Tp/B Y \\
' NS

» Drift Chamber
- Demonsirate it can cope with the high increased rates at the Z pole? Enough resolution?
- Demonsirate PID capabilities with cluster counting
- Continue mechanical design and stability analysis

« Full silicon tfracker — still need manpower increase to exploit this option

- Continue Silicon Tracker prototype collaboration
- Need to add detector for particle identification — drift chamber is an option
« Consider adding timing Silicon layer

- AC-Coupled Resistive Silicon Detector (RSD)

» Trench-isolated LGAD (TI-LGAD)
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Some key R&D topics moving forward

» Calorimetry

» Cost versus physics performance

- ECAL

 Finalize evaluation of the crystal calorimeter option
« Cooling of PFA calorimeter versus performance

- HCAL
- Study glass hadronic calorimeter has an alternative to Scintillator option
» Cooling and mechanics studies

- Dual Readout
- Demonstration using full size prototype
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Some key R&D topics moving forward

» Calorimetry

» Cost versus physics performance

- ECAL

 Finalize evaluation of the crystal calorimeter option
« Cooling of PFA calorimeter versus performance

- HCAL

 Finalize evaluation of Scintillator Steel option
» Study glass hadronic calorimeter has an alternative
» Cooling and mechanics studies

- Dual Readout
- Demonstration using full size prototype

* Muon System optimization

» Optimize number of layers
» Optimize design for industrialization and cost
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Optimization of detectors

Not an easy task without definite detectors/collaborations target

» Use a mixture of fast simulation and full simulation
* Need to consider engineering aspects
* Need to consider costing issues
» balance between performance and eventual total detector cost
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CEPC Project Timeline 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Technical Design Report (TDR)

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 operaticn

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 internaticnal contributions In accelerator

International
Cooperation




Final remarks

New ideas continue to be deployed while we also develop new tools

International collaboration has continue albeit the difficulties

Key detector technologies R&D continues and many have been put to prototyping

Several CEPC R&D detector projects reaching a successful conclusion
others are starting

International collaboration continues to be a main goal of the CEPC

Final detectors are to be defined by International Collaborations and they are likely
to incorporate a mixture of the technologies discussed here

Still very important to expand international collaboration
Explore the CEPC and FCC-ee R&D synergies
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Sub-detectors and Key techs

Table 3.2: All sub-detectors and the key technologies

Sub-detector Key technology Key Specifications
Silicon vertex detector | Spatial resolution and materials 0.0 ~ 3 pum, X/ Xy < 0.15% (per layer)
Silicon tracker Large-area silicon detector a(p%r) ~2x 107" & pifil%;j - (GeV ™)
TPC/Drift Chamber Precise dE/dx (dN/dx) measurement Relative uncertainty 2%
Time of Flight detector | Large-area silicon timing detector o(t) ~ 30 ps
Electromagnetic High granularity EM cnergy resolution ~ 3%/+/E(GeV)
Calorimeter 4D crystal calorimeter Granularity ~ 2 x 2 x 2 cm?
Magnct system Ultra-thin Magnet field 2 — 3T
High temperature Material budget < 1.5X
Superconducting magnet Thickness < 150 mm
Hadron calorimeter Scintillating glass Support PFA jet reconstruction
Hadron calorimeter Single hadron o/%% ~ 40% /\/E(GeV)
Jet o' ~ 30%/\/E(GeV)




CEPC TDR Parameters (upgrade version)

Higgs w z ttbar Higher SR power of 50MW:
Number of Ps 2 Luminosity increase ~66%.
Circumference [km] 100.0
SR power per beam [MW] 50
ok crossng ange At 7 mre - CEPC accelerator white paper for
Bending radius [km 10.7
Energyg[GeV] = ” 20 455 180 Snowmass21, arXiv:2203.09451
Energy loss per turn [GeV] 1.8 0.357 0.037 9.1
Piwinski angle 5.94 6.08 24.68 1.21 10° E
Bunch number 415 2162 19918 58 - —a— FCC
Bunch spacing [ns] 385 154 15(10% gap) 2640 & —eo— CEPC
Bunch population [10%°] 14 13.5 14 20 = - -+ - CEPC-Upgrade
Beam current [mA 27.8 140.2 1339.2 5.5 c}nm ILC
Momentum compaction [10-5] 0.71 1.43 1.43 0.71 g 10° = ILC-Upgrade
Phase advance of arc FODOs [degree] 90 60 60 90 s B —4— CLIC
Beta functions at IP (bx/by) [m/mm] 0.33/1 0.21/1 0.13/0.9 1.04/2.7 9 B -4 - CLIC-Upgrade
Emittance (ex/ey) [nm/pm] 0.64/1.3 0.87/1.7 0.27/1.4 1.4/4.7 ';'
Beam size at IP (sx/sy) [um/nm] 15/36 13/42 6/35 39/113 pr i )=
Bunch length (SR/total) [mm] 2.3/3.9 2.5/4.9 2.5/8.7 2.2/2.9 2.
Energy spread (SR/total) [%] 0.10/0.17 0.07/0.14 0.04/0.13 0.15/0.20 I=
Energy acceptance (DA/RF) [%] 1.7/2.2 1.2/2.5 1.3/1.7 2.3/2.6 =
Beam-beam parameters (xx/xy) 0.015/0.11 0.012/0.113 0.004/0.127 0.071/0.1
RF voltage [GV] 2.2 (2cell) 0.7 (2cell) 0.12 (1cell) 10 (Scell)
RF frequency [MHz] 650
Beam lifetime [min] 20 55 80 18
Luminosity per IP[1034/cm2/s] 8.3 26.6 191.7 L 0.8 /




Detector



Projects overview: R&D schedule .

PBS Task Name

1
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

51
5.2

6.1
6.2

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

Start

2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7

Muon and pre-shower pRWELL-based detectc2020/5/7

Solenoid
LTS solenaid magnet
HTS solenoid magnet
MDI
LumiCal Prototype
Interaction Region Mechanics
Software and Computing

2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7
2020/5/7

Finish

2026/12/31
2023/12/29
2023/12/29
2023/12/29
2024/12/31
2021/12/31
2023/10/31
2024/12/31
2024/12/31
2024/12/31
2021/12/31
2024/12/31
2023/4/28

2022/12/30
2023/4/28

2024/12/31
2024/12/31
2023/12/29
2024/12/31
2026/12/31
2025/12/31
2026/12/31
2023/12/29
2021/12/1

2023/12/29
2024/12/31

Duration

1736 days
952 days
052 days
952 days
1214 days
432 days
909 days
1214 days
1214 days
1214 days
432 days
1214 days
777 days
692 days
777 days
1214 days
1214 days
952 days
1214 days
1736 days
1475 days
1736 days
952 days
410 days
952 days
1214 days

2020
H1I H2 H1 H2 Hl=H2 H1l H2 H1

2025 2026 2027 2028 2029
H2 H1 H2 H1 H2 H1 H2Z2 H1 H2 H1 H2
[ | CEPC. Detector R&D Project

i 1 Vertex

Vertex Prototype

ARCADIA CMOS MAPS
I { Tracker

TPCModule and Prototype
Silicon Tracker Prototype
Drift Chamber Activities

I 1 Calorimetry

[r——l  ECAL Calorimeter
Crystal Calorimeter

2021 20272 2023 2024

PFA Sci-ECAL Prototype

[r—— - HCAL Calorimeter
PFA Digital Hadronic Calorimeter
PFA Sci-AHCAL Prototype

Dual-readout Calorimeter

i { Muon Detector
Scintillator-based Muon Detector Prototype
Muon and pre-shower HRWELL-based detectors
[ e ————————————— - § O | @N O d
LTS solenoid magnet
HTS solenoid magnet

[r—————— D
LumiCal Prototype

Interaction Region Mechanics
[Fr——|—] SO ftware and Computing




Projects overview: FTE

PBS Task Name

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

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

Team

China+ international collaborators
INFN

IHEP, Tsinghua
China, UK, INFN
INFN, Novosibirsk

IHEP, USA, INFN
USTC, IHEP

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

Fudan, SJTU
INFN, LNF

IHEP+Industry
IHEP+Industry

AC, IHEP, Vinca
IHEP
IHEP, SDU, CERN, INFN
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