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The Physics Goals — Shopping List

Chapter 2 Chapter 11
Liantao’s talk today Jianming and Zhijun’s talk on Friday

CEPC: the precision frontier Including detector performance

Higgs boson and electroweak symmetry breaking
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2.5.3  Flavor violating Z decays

| m CEPC: baseline and improvegents

Relative Error

2.54  Summary




) : ‘~

CEPC Accelerator Chain an

Booster Cycle (0.1 Hz)
Energy ramp 00

700

10 GeV o0

~ 300

10 GeV

- T ot 100 km 0
45/80/120 GeV Y= -

000 200 400 600 800 10.00 12.00
t(s)

- Booster and CEPC "
- SPPC “

Collider
Ring

he key systems of CEPC.:
1) Linac Injector

100 km /' 2)Booster
\/S = 90, 160 or 240 Gev 3) Collider ring
2 interaction points 4) Machine Detector Interface

5) Civil Engineering

45/80/120 GeV beams e * Accelerator CDR provides
M details of all systems ’

T P2 %
—



Detector Conceptual Designs CEPC plans for

Particle Flow Approach 2 interaction points

IDEA - also proposed for FCC-ee

Chapter 3
Gang and Franco’s talk today

Final two detectors likely to be a mix and match of different options

12



Committee Charge

The International Review Committee of the CEPC Physics and Detector Conceptual Design

Report (CDR) is to consider the physics program goals of the CEPC and the detector concepts
presented.

The committee is asked to assess if the CEPC physics program is well motivated and aligned
with the worldwide program for the future of High Energy Physics, and if the detector
concepts presented in the CDR, as a whole, are adequate to carry out the physics program, and
if there is a sufficient understanding of the detector subsystems to start working towards the
TDR and produce detectors on the CEPC timescale. The Committee is requested to suggest

mitigating measures in case of potential technological concerns on specific detector
subsystems.

With regard to the site and cost no specific comments are solicited at this time.

The committee is invited to issue comments or suggestions on any aspect of this CDR draft
beyond those specifically included in this charge.

It is requested that a committee report responsive to this charge be forwarded to the IHEP
Director by September 27, 2018.

13
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Cost of project

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

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

M Accelerator

H Civil

M Detector

B Gamma-ray line
¥ Proj management

Contingency

M Collider
M Booster

Linac & sources
B Damping ring

® Common systems




CEPC “optimistic” Schedule

CEPC

2020

2015

| R&D
Pre-studies Engineering Design
(2013-2015) (2016-2022)

- Design issues - Design, funding

- R&D items - R&D program

- preCDR - Intl. collaboration
- Site study

 CEPC data-taking starts before the LHC program ends

2025

. Constmicin. |

- Seek approval, site decision
- Construction during 14th 5-year plan
- Commissioning

* Possibly concurrent with the ILC program

16



CEPCundmg In recent years
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Funding Support for Detector R&D

Ministery of Sciences and Technology (MOST)
National Science Foundation of China
Major project funds
Individual funds
Industry cooperation funds
IHEP Seed Funding

Multiple funding sources

Others
Detector Funding (M RMB)
Silicon 18.2
TPC 7.0
Calorimeter 21.3
\YETe [ 8.7
Total 55.2

Currently secured funding
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CEPC Workshops and international impact
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Agenda

Thursday, 13 September 2018

08:30 - 09:00
09:00 - 13:30

13:30 - 16:00

16:00 - 16:30
16:30 - 18:00
18:00 - 20:00

Committee Executive Session
Session 1
09:00 Welcome 5’

09:05 Owverview of detector CDR (15'+10') 25’
Speaker: Joao Guimaraes Costa

09:30 Ch2: Physics Motivation (30'+20') 50°
Speaker: Liantao Wang (University of Chicago)

10:20 Coffee Break 30’

10:50  Accelerator Overview (20'+15") 35°
Speaker: Dr. Yuan Zhang (IHEP, Beijing)

11:25  Ch 3: Physics Requirements and PFA Detector Concepts 15’
Speakers: LI Gang ( EPC.IHEP ), Dr. Gang LI (EPD, IHEP, CAS)

11:40  Ch 3: Alternative concept: IDEA 10’
Speakers: Franco Bedeschi (I), Franco Bedeschi (I)

11:50 Ch 3: Discussion 20’
12:10 Lunch Box 1h20'

Session 2

13:30 Ch 9: MDI and beam backgrounds and luminosity (25'+20') 45’
Speakers: Dr. Hongbo ZHU (IHEP), Suen Hou (SINICA)

14:15 Ch 4.1: Vertex (20'+20") 40’
Speaker: Prof. Qun OUYANG (IHEP)

14:35 Ch 4.2.1: TPC (20'+20") 40'
Speaker: Dr. Huirong Qi (Institute of High Energy Physics, CAS)

15:35 Coffee Break 25’

Discussion with CEPC team 30’
Committee Executive Session

Dinner(Committee only)

Friday, 14 September 2018

08:30 - 10:40

10:40 - 14:10

14:10 - 16:30

16:30 - 17:10
17:10 - 18:10
18:10 - 20:10

Session 2: Continue

08:30 Ch 4.2.2: Silicon (15'+15") 30’
Speaker: Prof. Meng Wang (Shandong University)

09:00 Ch 4.3: Full Silicon (15'+15") 30’
Speaker: Chengdong FU (IHEP)

09:30 Ch 4.4: Drift Chamber (20'+20") 40’
Speaker: Francesco Grancagnolo (INFN-Lecce)

10:10 Coffee Break 30’

Session 3

10:40 Ch 5.3: ECAL (20'+20') 40’
Speaker: Dr. Jianbei Liu (University of Science and Technology of China)

11:20 Ch 5.4: HCAL (20'+20") 40’
Speaker: Haijun Yang (Shanghai Jiao Tong University)

12:00 Lunch Box 1h30'

13:30  Ch 5.5: Dual-Readout (20'+20") 40'
Speaker: Franco Bedeschi (I)

Session 4

1410  Ch 6: Magnet (20'+20") 40"
Speaker: Ms. Wei Zhao (IHEP)

14:50 Ch 7: Muon (25'+20") 45’
Speakers: Prof. Liang Li (Shanghai Jiao Tong University), Paoclo Giacomel

15:35 Coffee Break 20’

15:55 Ch B: DAQ (15'+20') 35’
Speaker: Mr. Fei Li (IHEP, CAS, China)

Discussion with CEPC team 40’

Committee Executive Session
Banquet(With CEPC team)




Agenda

Saturday, 15 September 2018

09:00 - 10:55 Session 5 -

09:00 Ch 10: Physics performance (20'+20') 40’ v
Speaker: Mr. Mangi Ruan (IHEP)

09:40 Ch 11: Physics Analysis (25'+20') 45' ]

Speakers: Jianming Qian (University of Michigan), Prof. Zhijun Liang (IHEP), Prof. Yaquan FANG Yaquan
(IHEP)

10:25 Coffee Break 30’

10:55 - 11:25 Discussion with CEPC team 30’
11:25 - 12:00 Committee Executive Session

12:00 - 13:30 l unch Box
13:30 - 16:00 Committee Executive Session
16:00 - 16:30 Coffee Break

16:30 - 17:30 Summary 1h0’

adjourn




Final remarks

%k Detector designs at conceptual level, addressing potential drawbacks

sk Further R&D required towards TDR
% Funding adequate for R&D but need to expand international collaboration

%k Need to know if there are major technological road blocks that will prevents us from
extracting the physics from CEPC

%k International Collaborations with be formed in the coming years

sk Next milestone: 2022 — CEPC TDR

Looking forward to you comments
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The CEPC Baseline Collider Design

Double ring
Common RF cavities for Higgs

\

Two RF sections in total

Two RF stations per RF section

10 x 2 = 20 cryomodules
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Main Parameters of Collider Ring

2

240

160 91

16.5%2
15.0 12.0 8.0
242 (0.68us) 1524 (0.21us) 12000 (25ns+10%gap)
20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04
3.26 5.9 8.5

2.93 10.1 16.6 32.1
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CEPC baseline detector: ILD-like

Yoke/Muon

7 NG <—— Yoke/Muon
Ecal / // /,;f /
i f /
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LumicCal Vertex Yoke/Muon HCal QD0 LumiCal IP  Vertex

Magnetic Field: 3 Tesla — changed from preCDR

-Impact parameter resolution: less than 5 pm <« Flavor tagging
- Tracking resolution: 8(1/Pt) ~ 2x10-> (GeV-1) @ BR(Higgs — pp)

.Jet energy resolution: . /E ~ 30%/+E ——{{ W/Z dijet mass separation




CEPC baseline detector: ILD-like: Design Considerations

Major concerns being addressed

1. MDI region highly constrained

<—— Yoke/Muon

2. Low-material Inner Tracker design

3. TPC as tracker in high-luminosity
Z-pole scenario

4. ECAL/HCAL granularity needs x )

Yoke/Muon HCal QD0 LumiCal IP  Vertex

Magnetic Field: 3 Tesla — changed from preCDR

-Impact parameter resolution: less than 5 pm <« Flavor tagging
- Tracking resolution: 8(1/Pt) ~ 2x10-> (GeV-1) @ BR(Higgs — pp)

.Jet energy resolution: o /E ~ 30%/+E ——{ W/Z dijet mass separation




Low magnetic field detector concept

Proposed by INFN, Italy colleagues

2, r~2.1 m
‘ Preshower: ~1 X;
= —— * Dual-readout calorimeter: 2 m/8 Ain
* (yoke) muon chambers
Integrated test beam
September 2018
Similar to Concept Detector for FCC-ee Looking for helpers

Collaboration with China

} Magnet 2 Tesla 2 1 m radlus ‘f
i Th'" (~ 30 cm), low-mass (~0. 8 Xo) |
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Interaction region: Machine Detector Interface

One of the most complicated issue in the CEPC detector design

Updated baseline parameters:
: : * Head-on collision changed to crossing angle of 33 mrad
Full partial double ring » * Focal length (L*) increased from 1.5 mto 2.2 m
* Solenoid field reduced from3.5Tto3T

LumiCal <«
Lumiunc: 1 x 103

-
-
-
-
-
-
-

(studies lead by Vinca
and Academia Sinica)

Compensating Solenoid Quadrupoles
Shielding

3000 4000 5000 6000
Z [mm]

Challenging engineering design 2



Baseline Pixel Detector Layout

3-layers of double-sided pixel sensors

+ ILD-like layout

+ Innermost layer: osp = 2.8 ym

+ Polar angle 6 ~ 15 degrees

+ Material budget = 0.15%Xod/layer

Implemented in GEANT4 simulation framework (MOKKA)

s CMOS pixel sensor (MAPS)
NMOS PMOS
- acegratlon diode N+ /ep| Reset diode P+/Nwell
| N N well STI N+
|z|(mm) o(um) | Readout time(us) u ; Deple\)\

Ladder Layer 1 ‘ ‘ 62.5 ‘ 0.97 ‘ 2.8 ‘

BN Loyer2 | 18 | 625 | 096 | 6 | 1-10

. | >

WOIY, Layer3 | 37 1250 | 096 | 4 20 Mints voitage 0=

2 Layer 4 39 125.0 0.95 4 20 Integrated sensor and readout electronics on the
Ladder -Layer 3 58 125.0 0.91 4 20 same silicon bulk with “standard” CMOS process:

3 : : - low material budget,

Kow cost. J




Current R&D activities

e Initial sensor R&D targeting:

Specs Observations
Single point resolution near IP: < 3-5 um Need improvement
Power consumption: < 100 mMW/cm?2 N L conti;; l::i;:y;?g !
Integration readout time: < 10-100 ps Need 1 pys for final detector
Radiation (TID) 1 MRad Need 2.5x higher /year == New

e Sensors technologies:

Smallest Chips

Process : : : Observations
pixel size desighed
CMOS pixel sensor (CPS) Towerdazz CIS 0.18 ym 22 x 22 pm?2 2 Founded by MOST and IHEP
SOl pixel sensor LAPIS 0.2 pm 16 x 16 pm?2 2 Funded by NSFC

e Institutions: CCNU, NWTU, Shandong, Huazhong Universities and IHEP (IPHC in Strasbourg, KEK)

e New project: Full size CMOS sensor for use in real size prototype
34



Silicon Vertex Detector Prototype - MOST (2018-2023)

+ Design full size CMOS sensor with high resolution and good radiation hardness

Double sided ladder Layer 1 (11 mm x 62.5 mm) Double sided ladder Layers 2 and 3 (22 mm x 1256 mm)

--- 3 X 2 layer = 6 chips

62.5 mm 6 X 2 layer =12 chips

Mechanical prototype | e 1 .
with subset of ladders instrumented/readout Minimal goals: | International

. - 3-layer prototype | Collaboration
| - Sensor:
- 1 MRad TID sensor :
- 3-5um SP resolution ‘

Liverpool Univ.
Oxford Univ.

Barcelona Univ.

University of Mass

| RAL

‘ others.....

|

i

\ Integrated electronics
; readout
|

|
E

Design and produce light |
and rigid support structures

Requires study/simulation of new layout

c Extended goals if manpower

35



Silicon Tracker Detector - Baseline
Not much R&D

one so far

€0s6=0.923

Sensor technology

c0s6=0.969 1. Microstrip sensors
2. Large CMOS pixel
sensors (CPS)

Tracker material
budget/layer:
~0.50-0.56% X/Xo

Power and Cooling

1. DC/DC converters
. Investigate air cooling

1000 1200

ETD:z =

12cm Total Silicon area ~ 68 m2

Extensive opportunities for international participation



Time Projection Chamber (TPC)

Allows for particle identification T < detector concept

Low material budget:

0.05 Xo including outfield cage in r
0.25 X, for readout endcaps in Z

3 Tesla magnetic field —> reduces diffusion of drifting electrons
Position resolution: ~100 ym in r¢

dE/dx resolution: 5%
GEM and Micromegas as readout
Problem: lon Back Flow —> track distortion

Operation at L>2 x 1034 cm-2 s-1 being studied

v
Lo
O
I

O

R&D by IHEP, Tsinghua and Shandong
Funded by MOST and NSFC 37




Drift Chamber Option - IDEA proposal

Lead by Italian Colleagues

Low-mass cylindrical drift chamber

Layers: 14 SL x 8 layers = 112

Cell size: 12 - 14 mm MEG2 prototype being tested

)
-

)

B e r-TeENEE
- ,._—_-'.—--—,wr—-}gvm'ﬁg:

&

Stereo angle: 50-250 mrad




Full silicon tracker concept

Replace TPC with additional silicon layers

CEPC-SID: SIDB: SiD optimized
6 barrel double strip layers 5 barrel single strip layers
5 endcap double strip layers 5 endcap double strip layers

Rad length up to 7%

Radius
~1.8m

Collaboration with Argonne and Berkeley

Drawbacks: higher material density, less redundancy and limited particle identification (dE/dx)



Calorimeter options

Chinese institutions have been
focusing on Particle Flow calorimeters

R&D supported by MOST, NSFC
and IHEP seed funding

PFA Calorimeter

silicon scintillator IMAPS |Scintillator‘ RPC ‘ GEM 1 nl\fei;fs‘
s . ECAL with Silicon and Tungsten (LLR, France) A
Electromagnetic . . .

. (*) ECAL with Scintillator+SiPM and Tungsten (IHEP + USTC) )
s (*) SDHCAL with RPC and Stainless Steel (SJTU + IPNL, France) h
Hadronic SDHCAL with ThGEM/GEM and Stainless Steel (IHEP + UCAS + USTC)

. (*) HCAL with Scintillator+SiPM and Stainless Steel (IHEP + USTC + SJTU)J

> (*) Dual readout calorimeters (INFN, Italy + lowa, USA)

,




ECAL Calorimeter — Particle Flow Calorimeter
Scintillator-Tungsten Sandwich ECAL

Cell size: 5 x 5 mm?2
From ILD TDR (with ambiguity)

i - 3 mm thick: Tungsten plate
- 2 mm thick: 5 x 45 mm?

| - 2 mm thick: Readout/service layer |

Layer structure

! R&D on-going:
| 1 - SiPM dynamic range
3

!

1

Plastic scintillator
9 x45 mm2 (2 mm thicN

» oy 7‘ Mini-prototype tested on
SIiPM ke testbeam at the IHEP

I 41

Scintillator strip non-uniformity
Coupling of SiPM and scintillator



HCAL Calorimeter — Particle Flow Calorimeter

Scintillator and SiPM HCAL (AHCAL)

32 super modules 40 layers
AHCAL barrel AHCAL super moduls

Cooling Pipe

}' .0 N
Stainless Steel Absorber SiPM Scintillator Tile Reflective Foil

Cavi Detector Cell
Detector Cell X _ty

30%30mm’ "ma4+—SIPM

40x40mm- -

20 xX50mm

Prototype to be built: MOST (2018-2023)
0.5x0.5 m2, 35 layer (4A), 3x3 cm2 module

(2 or3mm)

Readout channels:
~ 5 Million (30 x 30 mm?)
~ 2.8 Million (40 x 40 mm?)

l I‘.iJJll




Dual Readout Calorimeter
Lead by Italian colleagues: based on the DREAM/RD52 collaboration

Projective 4m layout implemented into CEPC simulation Expected resolution:
(based on 4th Detector Collaboration design) EM: ~10%/sqrt(E)

Hadronic: 30-40%/sqrt(E)

T
A
L cciinm Absorber: Pb or Cu
dnnak
aaas NN
SO g
N\
NN MU I
N ‘\::;:\\ NI >
EL SRS | PMMA
ER \ ,
N\ \_S(SCSF-78) /
~.1.8m ( - /}/ C(SK40)
cos(theta) > 0.995 - .
Studying different readout schemes
Covers full volume up to |cos(0)| = 0.995 PMT vs SiPM

with 92 different types of towers (wedge)

Several prototypes from RD52

4000 fibers (start at different depths have been built

to keep constant the sampling fraction)
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Superconductor solenoid development

Updated design done for 3 Tesla field (down from 3.5 T)

-~

Solenoid \
5-module coil (4 layers) Cryostat vacuum tank

W

6983 5863 4143

j

\_

Main parameters of solenoid coill \

Central magnetic field
Operating current
Stored energy
Inductance

Coil radius

Coil length

Cable length

3T
15779 A
1.3 G.
10.46 H
3.6-3.9m

7.6m
30.35 km

Y

Design for 2 Tesla magnet presents no problems

Double-solenoid design also available

Default is NbTi Rutherford SC cable (4.2K)

Solutions with High-Temperature SC cable also being considered (YBCO, 20K)




Muon detector
Baseline Muon detector

- 8 layers
- Embedded in Yoke New technology
- Detection efficiency: 95% proposal (INFN):

MRwell

__— i W-RWELL PCB
-lll Muon system: open studies

Good experience in China on gas detectors but currently no
strong direct work on CEPC — rather open for international
collaboration

- Layout optimization:

Technologies considered . Justification for number of layers
Monitored Drift Tubes . . . -
Resistive Plate Chambers (RPC) Impllcatlc_ms for exotic physics searches
Thin Gap Chambers (TGC) - Use as a tail catcher / muon tracker (TCMT)
Micromegas

Gas Electron Multiplier (GEM) - Jet energy resolution with/without TCMT

Scintillator Strips

Baseline: Bakelite/glass RPC 4



Funding Support for Detector R&D

Ministery of Sciences and Technology (MOST)
National Science Foundation of China
Major project funds
Individual funds
Industry cooperation funds
IHEP Seed Funding

Multiple funding sources

Others
Detector Funding (M RMB)
Silicon 18.2
TPC 7.0
Calorimeter 21.3
\YETe [ 8.7
Total 55.2

Currently secured funding
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Conceptual Design Report (CDR) - Status

Pre-CDR completed in 2015

Technical challenges identified -> R&D issues (http://cepc.ihep.ac.cn/preCDR/volume.html)
- W ' SIS LS 20 =2 ha ISSUES = . -~ -

() Draft-0 released in November 2017

sk Mini international review

IHEP-TH-2018-XX

() Early fall 2018: Planned public release date

CEPC

Conceptual Design Report

sk Soon after CEPC accelerator CDR is released

sk Accommodate new accelerator design parameters and oo i Bhyrsies £ Bosis
solenoid magnetic field

O still
sk Opportunities for people to contribute editing, reviewing The CEPC Study Group

Fall 2018



http://cepc.ihep.ac.cn/preCDR/volume.html

Final remarks

%k Significant work done towards the CEPC Detector CDR

%k Two significantly different detector concepts are emerging

% High-magnetic field (3 Tesla): PFA-oriented — with TPC or full-silicon tracker
sk Low-magnetic field (2 Tesla): with drift chamber and dual readout calorimeter

%k Key technologies are under R&D and put to prototyping:
sk Vertex detector, TPC, calorimeters, magnets
sk International colleagues getting more heavily involved, participating in CDR

sk e.g. Drift chamber, dual readout calorimeter and muon chamber
%k CEPC funding adequate for required R&D program
sk Support from several sources in China: NSFC, MOST, etc

sk International collaboration expanding
sk INFN, SLAC, lowa State Univ,, Belgrade, LLR, IPNL, LC-TPC, Liverpool, Oxford, Barcelona, etc...

CDR Expected final release: Early Fall 2018
From 2018-2022, CEPC TDR will be finished

48



Thank you for the attention!



{

Detector and

Gouals Awo

Draft-0 preliminary chapters available in November 2017
% Chapter 2: Physics case -
sk Chapter 3: Detector concepts (partial)
sk Chapter 4: Tracking system (vertex, silicon tracker, silicon-only, TPC, drift chamber)
sk Chapter 5: Calorimeter (PFA and DR calorimeter options)
sk Chapter 6: Magnet system
sk Chapter 7: Muon system
sk Chapter 8: Triger and DAQ

sk Chapter 9: MDI, beam background and luminosity measurement

\ sk Chapter 10: Physics performance and expectations (partial) J
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Main Parameters of Collider Ring

2

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

0.1
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 (0.21ps) 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
0.066 0.038
0.35 0.55
1.4 4.0 2.1
10.1 X 32.1 51



Interaction region: Machine Detector Interface
Machine induced backgrounds

 Radiative Bhabha scattering
e Beam-beam interactions

* Synchrotron radiation

* Beam-gas interactions

Higgs operation
(Ecm — 240 GeV)

Studies for new configuration being finalized

0 Combined
O Radiative Bhabha
® Pair Production

Sp=

ertex layer:
12 34

15 20 25 30 35 40 45 50 55 60
VTX Radius [mm]
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Detector optimization

Optimized (CDR)

B Field 3 Tesla
TPC radius -: ;-B-rlr.\:'
TOF 20 ps
ECAL thickness ::8:1 :n-rrzi
ECAL cell size (:1:) :n-rrE ;
ECAL num. layers (' 25 ::
HCAL thickness :' 1m 5:
HCAL num. layers (' =4=0= ~:

Comments

Required from beam emmitance

Required by Br(H— pp) measurement H < F

Pi-Kaon separation at Z pole

H d
Optimized for Br(H->yy) at 250 GeV - -—{i
¥

Maximum for EW measurements,
better 5 mm but passive cooling needs 20 mm

Depends on silicon sensor thickness

Optimized for Higgs at 250 GeV
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The CEPC Program AM w Ly o SR
§ }MN- ,LM

100 km e+e- collider H
/ Mass WW threshold Higgs
91 160 240
40 i \ l
Z: ~5 x 101 events

30

® 3 Tesla

® 2 Jesla

20 5
@ W: 1.6 x 107 events
" @ : 10 events
. . ‘%8

0 40 80 120 160 2{0[0 240 280
Center of Mass Energy [GeV]

Luminosity per IP [1034cm-—2s1]




lCurrent CEPC Organization

. . International Advisory
Steering Committee Committee

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

Barry Barish, Caltech
Hesheng Chen, IHEP
Michael Davier, LAL
: . Brian Foster, Oxford
Project Director Rohini Godbole, CHEP, Indian Institute of Science
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George Hou, Taiwan U.
Q. QIN Peter Jenni, CERN
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Lucie Linssen, CERN
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CEPC “optimistic” Schedule

CEPC

2020

2015

| R&D
Pre-studies Engineering Design
(2013-2015) (2016-2022)

- Design issues - Design, funding

- R&D items - R&D program

- preCDR - Intl. collaboration
- Site study

 CEPC data-taking starts before the LHC program ends

2025

. Constmicin. |

- Seek approval, site decision
- Construction during 14th 5-year plan
- Commissioning

* Possibly concurrent with the ILC program
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CEPC Accelerator Chain and
e \Booster Cycle (0.1 Hz)

Energy ramp 300
10 GeV 10 GeV o

~ 300

- T 100 km 00
45/80/120 GeV Y= -

0.00 2.00 4.00 6.00 3.00 10.00 12.00

t(s)

- Booster and CEPC "
- SPPC “

Collider
Ring

he key systems of CEPC.:
1) Linac Injector

100 km /' 2)Boost
Vs =90, 160 or 240 GeV ~ / ) Cotlider ring
2 interaction points 4) Machine Detector Interface

5) Civil Engineering

45/80/120 GeV beams » CDR provides details of all

T P2 %




CEPCundmg In recent years
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Running scenario

1 x106

0.7 x 1012

1 x 107/
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Main Parameters of Collider Ring

Higgs /4 Z (3T) Z (2T)
Number of IPs 7
Beam energy (GeV) 120 80 45.5
Circumference (km) 100
Synchrotron radiation loss/turn (GeV) 1.73 0.34 0.036
Crossing angle at IP (mrad) 16.5%2
Piwinski angle 2.58 7.0 23.8
Number of particles/bunch N, (1010) 15.0 12.0 8.0
Bunch number (bunch spacing) 242 (0.68us) 1524 (0.21us) 12000 (25ns+10%gap)
Beam current (mA) 17.4 87.9 461.0
Synchrotron radiation power /beam (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compact (10-5) 1.11
B function at IP 3,*/f,* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittance €,/¢, (nm) 1.21/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016
Beam size at IP o, /0, (wm) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters &,/€, 0.031/0.109 0.013/0.106 0.0041/0.056 0.0041/0.072
RF voltage Vi (GV) 2.17 0.47 0.10
RF frequency f zr (MHz) (harmonic) 650 (216816)
Natural bunch length o, (mm) 2.72 2.98 2.42
Bunch length o, (mm) 3.26 5.9 8.5
HOM power/cavity (2 cell) (kw) 0.54 0.75 1.94
Natural energy spread (%) 0.1 0.066 0.038
Energy acceptance requirement (%) 1.35 0.4 0.23
Energy acceptance by RF (%) 2.06 1.47 1.7
Photon number due to beamstrahlung 0.29 0.35 0.55
Lifetime simulation (min) 100
Lifetime (hour) 0.67 1.4 4.0 2.1
F (hour glass) 0.89 0.94 0599
Luminosity/IP L (1034cm-2s-1) 2.93 10.1 16.6 32.1




Accelerator Parameters

. :

_ 242 (0.68ps) 1524 (0.21ps) 12000 (25ns+10%gap)
_ 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
_ 1.21/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016
_ 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04
_ 2.93 10.1 16.6 32.1 N



CEPC Civil Engineering Design and Implementation

CEPC Interaction Region

HTIEWEFF AR
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Interaction region: Machine Detector Interface
Machine induced backgrounds

 Radiative Bhabha scattering
* Beam-beam interactions

* Synchrotron radiation

* Beam-gas interactions

Studies for new configuration being finalized

Higgs operation ' e
(Ecm = 240 GeV) | o Radiative Bhabha

1 Combined
O Radiative Bhabha

® Pair Production ® Pair Production

TID [kRad yr

g0

ertex layer:
12 34

15 20 25 30 35 40 45 50 55 60
VTX Radius [mm]

15 20 25 30 35 40 45 50 55 60
VTX Radius [mm]




Vertex Detector Performance Requirements

Efficient identification of heavy quarks (b/c) and T leptons

10

o, =5® —-——— (um)
. 3/2
o(GeV) sin”? @
Intrinsic resolution Resolution effects due to Dominant for
of vertex detector multiple scattering low-pr tracks
Specs Consequences
Single point resolution near IP: <3 pum High granularity
First layer close to beam pipe: r~1.6cm
. Low power consumption, Continuous
Material budget/layer: < 0.15%Xo owp PHO operation

< 50 mW/cm? for air cooling ode

< 1% High granularity and

Detector occupancy: short readout time (< 20 ps)

Target: € High granularity; € Fast readout; € Low power dissipation; € Light structure




Performance studies: Material budget

Transverse impact parameter resolution for single muons

—m— full,85°,p=1GeV
—— full,85°,p=10GeV
—e— full,20°,p=1GeV
—a— full,20°,p=10GeV

—g— fast,85°,p=1GeV
—x— fast,85°,p=10GeV
—o— fast,20°,p=1GeV
—A— fast,20°,p=10GeV

J— —— ———————————————— ’e
.

0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045

XIX, per VIX bartel layer

Requirement

Baseline includes very
small material budget for beam
pipe, sensor layers and supports
< 0.15%Xo / layer

x 2 more material

4

20% resolution degradation

Impact parameter resolution goal
achievable but only with low
material budget
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Silicon Tracker Detector - Baseline
Not much R&D

one so far

€0s6=0.923

Sensor technology

c0s6=0.969 1. Microstrip sensors
2. Large CMOS pixel
sensors (CPS)

Tracker material
budget/layer:
~0.50-0.56% X/Xo

Power and Cooling

1. DC/DC converters
. Investigate air cooling

1000 1200

ETD:z =

12cm Total Silicon area ~ 68 m2

Extensive opportunities for international participation



Time Projection Chamber (TPC)

TPC readout with micro-pattern gaseous detectors (MPGDs)

New: Micromegas + GEM

—_

IBF*Gain VS Vg Vs =420V

IBF*Gain
Y N N
Qo (&) N

i
(8)]

I ——

IBF*Gain VS Vi, Vey =340V

14

Gain: 5000

IBF: lon Back Flow reduced to 0.19%

Indication that TPC operation would be feasible at high-luminosity Z factory
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Drift Chamber Option - IDEA proposal

Lead by Italian Colleagues

Low-mass cylindrical drift chamber

Layers: 14 SL x 8 layers = 112

Cell size: 12 - 14 mm MEG2 prototype being tested

)
-

)

B e r-TeENEE
- ,._—_-'.—--—,wr—-}gvm'ﬁg:

&

Stereo angle: 50-250 mrad




Baseline ECAL Calorimeter — Particle Flow Calorlmeter
Silicon-Tungsten Sandwich ECAL

Barrel Alveolar
structure

Fastening

Detector
SLAB

- 5 x 5 mm?2 - optimal for PFA _ _ _ _ t Sensor: high-resistivity |
- 10 x 10 mm? - default high granularity —> active cooling | silicon pin diodes
- 20 x 20 mm?2 - required for i - Stability

passive cooling CO: Active cooling i - Uniformity

Flexibility

| - HighsN |

Pipes

Preliminary simulation: AT ~2°C (HGCAL/ILD) 70



Baseline HCAL Calorimeter — Particle Flow Calorimeter

Semi-Digital HCAL
SDHCAL: multiple thresholds per channel
Prevent saturations at E > 40 GeV

Self-supporting absorber (steel)

et
©

CALICE SDHCAL

H2 runs

® Multi-thr. mode
A Binary mode

Oreco/ <Ereco>
o
N
O

O
N

. |Challenges

. - Lateral segmentation: 1 x1cm2 |{_h | | |
(B>t - Power consumption —> temperature |

- Total number of channels: 4 x 107 | 7 | -
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Baseline HCAL Calorimeter — Particle Flow Calorimeter

Semi-Digital gRPC HC

Mylar layer (50p) PCB interconnect

PCB (1.2mmMASICs(1.7 mm)
PCB support (polycarbonate)

AL

Readout pads
(1cm x/1cm)

Readout ASIC
(Hardroc2, 1.6mm)

6 mm Gas gap \ $1?2 mm
Cathode glass (1.1mm)
Mylar (175 e .
viar ( H) Ceramic ball spacer (1.2mm) + resistive coating
Glass fiber frame (x1.2mm) - 03 'j—nfeds?s?il\?essccggfrnn;m)
' '\. - 0.25 — oo SDHCAL ~~| —* 36Layers |-

igRPC: Glass RPC
i - Negligible dead zones |

Large size: 1 x 1 m2 |
- Cost effective ;f

r
"n',:"

40 layers

6mm gRPC + 20mm absorber



Dual Readout Calorimeter
Lead by Italian colleagues: based on the DREAM/RD52 collaboration

Expected resolution:
EM: ~10%/sqrt(E)
Hadronic: 30-40%/sqrt(E)

Several prototypes from RD52
have been built

| Em
COMPORNEnl

Energy resolution for electrons
E(GeV)—>
10 20 50 100 (ole)

|

v Scintillation |
---u Cerenkov 7
—eo S 4+ (C

Copper |

Energy resolution (%)

0.2




Dual Readout Calorimeter

Lead by Italian colleagues: based on the DREAM/RD52 collaboration

Projective 4mr layout implemented into CEPC simulation

)th

=
\
\ =
NS
N \
N
b4
N\
N
"
Ll

77772222
s . e o~ o .
i ///// 77
W77 /%5/
.

I

ER

cos(theta) > 0.995

Covers full volume up to |cos(0)| = 0.995

with 92 different types of towers (wedge)

4000 fibers (start at different depths
to keep constant the sampling fraction)

(based on 4th Detector Collaboration design)

Absorber: Pb or Cu

0.98 mm

. /, PMMA
\_S(SCSF-78) / C(SK40)

.

———

>

Studying different readout schemes

PMT vs SiPM
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Superconductor solenoid development

Updated design done for 3 Tesla field (down from 3.5 T)

Default: Iron Yoke " Dual Solenoid Scenario
| Lighter and more compact

/////

Shield Solenoid : R 6.5m, L 10m

Muon Chamber

Muon
Chamber

Main Solenoid: R 3.6m, L 7.6m

Ny (P e .
_-_--_-M

.182E-06 .704891 1.41 ' 2.115 2.82

Non-uniformity 9.1% N s ™ e e P e M am

é Concept improved by FCC studies




Muon detector

Baseline Muon detector
- 8 layers

- Embedded In Yoke
- Detection efficiency: 95%

Technologies considered
Monitored Drift Tubes
Resistive Plate Chambers (RPC)
Thin Gap Chambers (TGC)
Micromegas
Gas Electron Multiplier (GEM)
Scintillator Strips

Baseline: Bakelite/glass RPC

New technology
proposail:
MRwell

Muon system: open studies
Full simulation samples with full detector, integrated with
yoke and magnet system
- Further layout optimization: N layers, thickness, cell size
- Effect as a tail catcher / muon tracker (TCMT)
- Jet energy resolution with/without TCMT
- Gas detectors: Study aging effects, improve long-term
reliability and stability
- All detectors: Improve massive and large area production
procedures, readout technologies.

- Exotics/new physics search study, e.g. long lived
particles



Ministry of Science and Technology - Funding Requests

e MOST 1 - Funding
e SJTU, IHEP, THU, USTC, Huazhong Univ
e Silicon pixel detector ASIC chip design
e Time projection chamber detector

e Electromagnetic and hadrons calorimeter

e High-granularity ECAL
e Large area compact HCAL

e Large momentum range particle identification Cherenkov detector

e MOST 2 - funding
e SJTU, IHEP, Shandong U. Northwestern Tech. University

77



Ministry of Science and Technology - Funding 1

o Vertex detector

e Use 180 nm process

e Carry out the pixel circuit simulation and optimization, in order to achieve a CPS
design with a small pixel depletion type, and try to improve the ratio between signal
and noise;

e Focus on the small pixel unit design, reduce the power consumption and improve
readout speed; time projection chamber detector

e Parameters:
e spatial resolution to be better than 5 microns

e integrated time to be 10-100 microseconds
e power consumption of about 100 mW/cmz2.
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Ministry of Science and Technology - Funding 1

e Time Projection Chamber

Based on the new composite structure, read the positive ion feedback suppression,
when the detector precision is better than 100 microns.

Study the effect of electromagnetic field distortion on position and momentum
resolution.

Test the main performance indicators of the readout module in the 1T magnet field.
Low power readout electronics is planed to use advanced 65nm integrated circuit

technology, to achieve high density and high integration of ASIC chip design, reduce
circuit power consumption to less than 5mW / channel.

Parameters:
o spatial resolution to be better than 5 microns

e integrated time to be 10-100 microseconds
e power consumption of about 100 mW/cmz2.
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Ministry of Science and Technology - Funding 1

e High granularity ECAL

e Technical selection based on SiPM readout electromagnetic calorimeter

e Realizing ECAL readout unit granularity of 5x5mm?2

e Develop small ECAL prototype;

e Develop a set of active cooling system based on two-phase CO, refrigeration.

e The thermal conductivity is greater than 30 mW/cmz2 in -20 degrees.

e High granularity HCAL

e Decide technical design of digital calorimeter;

e At a particle size of 1 cm x 1 cm, master the gas detector production process with
thickness less than 6 mm; Produce the micro hole detector unit model with area of
1 m x 0.5 m. The overall gain uniformity of the detector is better than 20%. Counting
rate is 1IMHz/s; Produce the flat panel board with areaof 1m x 1 m

e Detection efficiency is better than 95%.
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Ministry of Science and Technology - Funding 1

e Particle Identification technology

e Combine the advantages of THGEM and MicroMegas to achieve the detection of

Cherenkov light with high sensitivity, low background, high count rate and anti-
radiation

e Make a prototype and test it
e Parameters:
e The photon angle resolution of the Cherenkov radiation is better than 2 mrad
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Full silicon tracker concept

Replace TPC with additional silicon layers

« CEPCV4
= cepcsive ZH—vvuu
» SIDB
CEPC-SID
CEPC CEPC
Baseline baseline
o =0.24 GeV

123 124 125 1206 12

m,, [GeV/c?]

Drawbacks: higher material density, less redundancy and limited particle identification (dE/dx)
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. = CDR: Chapter 4
Performance studies: Impact parameter resolution

Transverse impact parameter resolution for single muons

full simulation(6=85°)
full simulation(6=20°)

fast simulation(6=85°)
— — fast simulation(6=20°)
— + — requirement(6=85°)

requirement(6=20°)

Requirement

Impact parameter resolution goal
achievable with current design

absolute momentum p [GeV/c]
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Performance studies: Material budget

CDR: Chapter 4

Transverse impact parameter resolution for single muons

—m— full,85°,p=1GeV
—— full,85°,p=10GeV
—e— full,20°,p=1GeV
—a— full,20°,p=10GeV

—g— fast,85°,p=1GeV
—x— fast,85°,p=10GeV
—o— fast,20°,p=1GeV
—A— fast,20°,p=10GeV

J— —— ———————————————— ’e
.

0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045

XIX, per VIX barrel layer

Requirement

Baseline includes very
small material budget for beam
pipe, sensor layers and supports
< 0.15%Xo

x 2 more material

4

20% resolution degradation

Impact parameter resolution goal
achievable but only with low
material budget
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- - . CDR: Chapter 4
Performance studies: Pixel size o

Transverse impact parameter resolution for single muons

full sim,CEPC baseline,1GeV

full sim,CEPC baseline,10GeV

full sim,CEPC baseline,100GeV

full sim,single point resolution worse by 50%,1GeV
full sim,single point resolution worse by 50%,10GeV
full sim,single point resolution worse by 50%,100GeV
fast sim,CEPC baseline,1GeV

fast sim,CEPC baseline,10GeV

fast sim,CEPC baseline,100GeV

fast sim,single point resolution worse by 50%,1GeV
fast sim,single point resolution worse by 50%,10GeV
- — fast sim,single point resolution worse by 50%,100GeV

>» B O D [ X

polar angle 0 [deq]

50% single point
resolution degradation

4

50% Iimpact parameter
resolution degradation
(for high-pt tracks)

Minimum degradation for
low-pt tracks
(dominated by multiple scattering)

Target
Baseline p =10 GeV

Baseline p =100 GeV
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- . CDR: Chapter 4
Performance studies: Distance to IP o

Transverse impact parameter resolution for single muons

full simulation Baseline
_ _ VTX1
full simulation

full simulation

— — fast simulation =12mm)
. . VTX1
fast simulation VTX1=20mm)

Baseline
Target

Impact parameter resolution
affected for low-pt tracks

absolute mom1e(r)1tum p [GeV/c]
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Standard Pixel Sensor imaging Process (TowerjJazz)

CMOS 180nm

3 nm thin gate oxide, 6 metal layers IRESET
PIX IN VRESET

- |

[ [ ]
, @ - ® 08 08 o8
pwe nwell
NMOS PMOS
TRANSISTOR TRANSISTOR deep pwe” deep pwe”

PWELL NWELL

epitaxial layer

p substrate
__DEEP PWELL Spacing Not to scale

Diameter

Epitaxial Layer P-

A~ Collection
electrode

Not to scale

High-resistivity (> 1k<2 cm) p-type epitaxial layer (18 um to 30 um) on p-type substrate
Deep PWELL shielding NWELL allowing PMOS transistors (full CMOS within active area)

Small n-well diode (2 um diameter), ~100 times smaller than pixel => low capacitance (2fF) => large S/N

Reverse bias can be applied to the substrate to increase the depletion volume around the NWELL
collection diode and further reduce sensor capacitance for better analog performance at lower power

W. Snoeys, CEPC Workshop, Beijing, Nov 7, 2017 &



ALPIDE CMOS Pixel Sensor

ALPIDE

Resolution (um)

Resolution Cluster Size @ VBB=-3V

— —e— W7-R10 Non Irradiated
"W7-R7 Non Irradiated
W7-R17 TID Irradiated, 206 krad
W7-R5 TID Irradiated, 205 krad
W7-R38 TID Irradiated, 462 krad
W7-R41 TID Irradiated, 509 krad
W8-R5 NIEL, 1.7e+13 1MeV n, /cm

Spa-tlal reSO|UTIOﬂ ~ 5 Um Ry W8-R7 NIEL, 1.7e+13 1MeV n__/cm’_

<
'

Pixel dimensions  26.9 um x 29.2 um

Average Cluster Size (Pixel)

Time resolution 5-10 us

1
_IIII|<{III‘IIII|III

! I
500

Hit rate ~ 104/mm?2/s Threshold (e)

Power consumption < ~20-35 m\W/cm?

(o]
(00)

300kRad
2x1012 1 MeV ney/CMZ

hke-hit Rate @ VBB=-3V
W7-R10 Non Irradiated
W7-R7 Non Irradiated
W7-R17 TID Irradiated, 206 krad
W7-R5 TID Irradiated, 205 krad
W7-R38 TID Irradiated, 462 krad
W7-R41 TID Irradiated, 509 krad
W8-R5 NIEL, 1.7e+13 1MeV n q/cm
W8-R7 NIEL, 1.7e+13 1MeV n, /cm

Radiation tolerance

Detection Efficiency (%)
Fake-Hit Rate/Pixel/Event

\J/

Almost OK specifications v
Need lower resolution e ok
Higer radiation tolerance

A

1 1 I
100

Threshold (e)



ATLAS Modified TowerJazz process

Standard process Modified process

_ . e Adding a planar n-type implant significantly improves depletion under deep PWELL
NWELL PWELL radius 2-3 um small C (< 5 fF) &ap YP P & | y Improv P . P
Spacing / Deep PWELL nwell collection

1 coll electrode
nwell collection H H
NMOS st shielding NWELL

o - R ) [ . J allowing in-pixel |

deep pwell deep pwell

low dose n-type implant

depletion boundary
25 um

p-type epitaxial
, 25 pm High resistivity
depleted zone ,’l p-type epitaxial (> 1kO cm)
‘ . . e . depleted zone
\ High resistivity
4 (> 1kQ2 cm)

p- epitaxial layer

—
[
>
o
S
X
©
=
o
©
o

depletion boundary

_ POSSib”ity to fully deplete sensing volume W. Snoeys et al.

: . . , DOI 10.1016/j.nima.2017.07.046
* Reverse bias to increase depletion volume (-6 V, the sensor is not fully depleted) No significant circuit or layout changes required

Irradiation tests: 1x1015 neg/cm?2

Improvement of radiation tolerance by at least
one order of magnitude

W. Snoeys, CEPC Workshop, Beijing, Nov 7, 2017 2°



Optimization of TPC radius and B-field R
BR(H— uu) measurement ""<

Detector cost sensitive to tracker radius,
however:
simulation prefers TPC with radius >= 1.8 m, Expected Accuracy of 6(XH)"Br(H->up)
momentum resolution (A(1/P1) <2 x 105 GeV-)

 Better:
Separation and Jet Energy Resolution |
, dE/dx measurement
| - BR(H— pp) measurement :

0.14 #¥ ATLAS 3ab™

80—

60 ‘..'0'

40—

1'51 12 14 16 18 2 22 24 26 28 3

Rrpc/m

Default TPC Setting: B=3T&R_=1.8

20—

?20 121 122 123 124 129 126 127 128 129 130
InvMass GeV

A
90



Dual Readout Calorimeter 'I;'l::\%trr:]:vc 131622:)?102’:'(:)3?1&15530 am

Lead by Italian colleagues: based on the DREAM/RD52 collaboration

2003 m . Expected resolution:
DREAM ~ opper Lot = = Electrons: 10.5%/sqrt(E)

2m long, 16.2 cm wide . Ao
19 towers, 2 PMT each Isolated pions: 35%/sqrt(E)

Sampling fraction: 2%

2.5 mm-
4 mm

2012 | Copper, 2 modules \ 415 L S Rl |
RDS2 IOIINIGINISINI®INI®INIe! ;;';; Tt - E(GeV) —>

Each module: 9.3*9.3 %250 cm®  [OI@IOIGIOIGIOISIOIOIO] @) += mAEEEEtAL 2 2. 20 50100
Fibers: 1024 S + 1024 C 8 PMT A AW AW AW A ; ] . 2 . : v Scintillation |
' vl | -= Cerenkov 1

Sampling fraction: 4.5%, 10 A, s o B R B

Copperj
5. 20 — L]
531522 Lead, 9 modules \‘_‘_‘_‘_‘E‘%‘O
110k
Each module: 9.3 * 9.3 * 250 cm? G
Fibers: 1024 S+ 1024 C, 8 PMT

Sampling fraction: 5%, 10 A.

Int




Dual Readout Calorimeter ?f#]'itr'?fﬁ,’ ﬁig:)?rfz’:ggmazr 530 am

Lead by ltalian colleagues

Brass module, dimensions: ~ 112 cm long, 12 x 12 mm’

section

00000
0000 ® 5

0000000 |

:S%;Et _r].4 mm

L]

Experimental setup

Beam

ABSORBER _
Trigger: (47 - 13 - 1)
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