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CEPC Detector Concepts studied

11

High 
magnetic field 

concept 
(3 Tesla)

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

Low 
magnetic field 

concept 
(2 Tesla)

Full silicon  
tracker 

concept

DETECTOR CONCEPTS 133

Figure 3.9: The cutaway view of the full silicon tracker proposed as an option for the CEPC baseline
detector concept.

3.3.2 ALTERNATIVE DETECTOR CONCEPT

An alternative detector concept, Innovative Detector for Electron-positron Accelerator
(IDEA), has been designed for a circular electron-positron collider and it is also being
adopted as a reference detector for FCC-ee studies. The concept design attempts to econ-
omize on the overall cost of the detector and proposes different technologies than the
baseline concept for some of the main detector subsystems. It provides therefore an op-
portunities to leverage challenges and advances in detector development prior to the CEPC
detector constructions.

The detector requirements at CEPC are tied to the operational parameters of the storage
ring at each energy point. For example, the typical luminosity at the Z pole (

p
s = 91.2 GeV)

is expected to be up to two orders of magnitude higher than at ZH threshold (
p

s =

240 GeV). Bunch spacing will be significantly smaller. One would therefore prefer an
intrinsically fast main tracker to fully exploit the cleanliness of the e+e� environment
while integrating as little background as possible. Additional issues of emittance preser-
vation, typical of circular machines, set limits on the maximum magnetic field usable for
the tracker solenoid, especially when running at lower center-of-mass energies.

Additional specific requirements on a detector for CEPC come from precision physics
at the Z pole, where the statistical accuracy on various electroweak parameters is expected
to be over an order of magnitude better than at LEP. This calls for a very tight control of
the systematic error on the acceptance, with a definition of the acceptance boundaries at
the level of a few µm, and a very good e � � � ⇡0 discrimination to identify ⌧ leptons

2 interaction points

IDEA Concept 
also proposed for FCC-ee 

Particle Flow Approach
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2 interaction points

IDEA Concept 
also proposed for FCC-ee 

Particle Flow Approach

Crystal Calorimeter 
based detector 

(2-3 Tesla)

News reported at this conference



CEPC CDR: Particle Flow Conceptual Detector
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Magnetic Field: 3 Tesla  

Major concerns being addressed

1. MDI region highly constrained
L* = 2.2 m

Compensating magnets

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

4. ECAL/HCAL granularity needs
Passive versus active cooling

Electromagnetic resolution

2. Low-material Inner Tracker design

DETECTOR CONCEPTS 131

(a)

(b)

Figure 3.8: The (a) r–z and (b) r–� view of the baseline detector concept. In the barrel from inner
to outer, the detector is composed of a silicon pixel vertex detector, a silicon inner tracker, a TPC, a
silicon external tracker, an ECAL, an HCAL, a solenoid of 3 Tesla and a return yoke with embedded
a muon detector. In the forward regions, five pairs of silicon tracking disks are installed to enlarge the
tracking acceptance (from | cos(✓)| < 0.99 to | cos(✓)| < 0.996).

Yoke+muons

3T solenoid

HCAL
ECAL

VTX

Silicon
TPC

Silicon
wrapper



CEPC CDR: IDEA Conceptual Detector (CEPC + FCC-ee)
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* Drift chamber: 4 m long; Radius ~30-200 
cm, ~ 1.6% X0 , 112 layers 

* (yoke) muon chambers 

Magnet: 2 Tesla, 2.1 m radius 

    Thin (~ 30 cm), low-mass (~0.8 X0)

Inspired on work for 4th detector concept for ILC

Calorimeter outside the coil

* Dual-readout calorimeter: 2 m/8 λint 
* Preshower: ~1 X0

Vertex: Similar to CEPC default  



Detector requirements for high-energy e+e- colliders
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Precision measurements 
Require excellent momentum resolution and flavor tagging 

Low-mass vertex and tracking detectors, high granularity 

Require excellent energy resolution 
Employ excellent calorimeters (particle flow, dual readout)

Subsystem Measurement

Vertex detector
vertex position

impact parameter → helps determine flavor
track momenta of charged particles

Tracking detector track momenta of charged particles
ECAL: electromagnetic calorimeter energy of γ, e± and hadrons 

HCAL: hadronic calorimeter energy of hadrons (including neutrals)
Magnet system bend charged particles → momentum measurement
Muon system identify muons

Hermicity missing energy (e.g. ν )
Luminosity detectors luminosity

Complementary subsystems

No major concerns about radiation hardness, 
unless for very forward detectors and  
inner most layer of vertex detector
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Detector R&D Major R&D Breakdown
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1. Vertex 
1.1. Pixel Vertex Prototype 
1.2. ARCADIA/LFoundry CMOS 

2. Tracker 
2.1. TPC 
2.2. Silicon Tracker 
2.3. Drift Chamber 

3. Calorimeter  
3.1.ECAL Calorimeter 
3.1.1. Crystal Calorimeter 
3.1.2. Scintillator-Tungsten  

3.2. HCAL PFA Calorimeter 
3.2.1. DHCAL 
3.2.2. Sci AHCAL 

3.3. DR Calorimeter

17 documents

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

5. Solenoid 
5.1. LTS Solenoid 
5.2. HTS Solenoid 

6. MDI 
6.1. LumiCal Prototype 
6.2. Mechanics 

7. TDAQ 
8. Software and Computing



Machine-detector interface (MDI) in CEPC
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Final focusing quadrupoles (QD0) need to be very close to IP 

Detector 
acceptance:
> ± 150 mrad

Solenoid magnetic 
field limited:

2-3 Tesla
due to beam emittance 

blow up

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

Rates at the inner layer 
                                (16 mm):

Hit density: ~3.2 hits/cm2/BX
TID:            2.4 MRad/year 
NIEL:          6×1012 1MeV neq/cm2

(Safety factors of 10 applied)



Beampipe design

19

Ruiqiang Zhang, et al



MDI Region and Backgrounds from other projects

20

Marian Lückhof 

FCC-ee, MDISim

Yorgos Voutsinas 

FCC-ee, Backgrounds Belle II, Background Simulation

Andrii Natochii 

Hiroyuki Nakayama 

Belle II, Background Measurements



Silicon Tracker design 

21

BASELINE TRACKER LAYOUT

26-28 October 2020 Overview CEPC Silicon Detectors, H. Zhu (IHEP) 3

• Time Projection Chamber (TPC) +“Silicon Envelope” adopted from ILD

Gas 
Tracker

SYSTEM DESIGN

26-28 October 2020 Overview CEPC Silicon Detectors, H. Zhu (IHEP) 19

• System design (CDR baseline detector) started with the best
knowledge and to be further optimized (interfacing between
sub-detectors and integration scheme)

Coolant: 
paraffin 

Adjusting 
screw

Adjusting rods

Out layer of SIT

Inner layer of SIT

Beam pipe
End ring

Ball head joint

Beam pipe
Silicon Tracker

The third layer 
vertex×24

Vertex Detector



CEPC Sensor Development
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TAICHUPIX-2

• Test status: functional verification
completed (I/O, bandgap, PPL …), more
detailed tests on-going

26-28 October 2020 Overview CEPC Silicon Detectors, H. Zhu (IHEP) 13

More details in Wei Wei’s talk

• New features added to TaichuPix-2
• Two LDOs for power supplies
• 8b10b encoder added for Triggerless 

output and balanced data stream 
• X-chip buses added for multiple chip 

interconnections

• 64×192 pixel array with the same 
dimension as TaichuPix-1
• 32 double column modified FE-I3 

readout, 32 modified ALPIDE readout
• 6 variations of pixel analog design, 

each with 16 columns 

Full size prototype  
to be built



Silicon tracker demonstrator

23

Attilio Andreazza 
Hongbo Zhu

ATLASPIX3

26-28 October 2020 Overview CEPC Silicon Detectors, H. Zhu (IHEP) 16

• Depleted CMOS sensor
• Fully integrated readout
• Fast charge collection
• Low material budget

ATLASPix3

More details in Ivan Peric’s talk

• Pixel size 50×150 μm2

• Reticle size 20×21 mm2

• TSI 180 nm HV process on 200 Ωcm substrate
• 132 columns × 372 rows
• Digital part of the matrix located on periphery
• Both triggerless and triggered readout possible
• Up to 1.28 Gbps downlink

ATLASPIX3 FEATURES:
Sensors and DAQ boards distributed
to participating institutes

Hui Zhang 
Ivan Peric



Sensors with smaller feature size: 65 nm

24

ALICE ITS3 Sensor Specifications

EIC SVT 
Sensor  
Specifications



Sensors with smaller feature size: 65 nm

25

First test structures to be submitted: Nov 15
Participating institutes 
CERN, CPPM, DESY, Yonsei University Seoul, IPHC Strasbourg,  
NIKHEF Amsterdam, RAL/Uni Birmingham/LBNL (EIC institutes) 



26



ARCADIA - CMOS Sensors

27

First prototype: November 2020 
Second prototype: Spring 2021 
Stitching: End of 2021



Lessons learned from the ATLAS upgrade tracker design

28

Markus Elsing



29tkLayout: A (tracking) detector  design & optimization tool 
Also, talk by Gabrielle Hugo on the CMS side of things (performance session):



ALICE ITS3 Vertex Detector

30

ultra-thin, wafer-scale, flexible MAPS for truly-cylindrical, minimum-material-budget layers

Magnus Mager 

65nm CMOS sensors

Beam test in August 2020



Recent development in LGAD detectors

31

Hartmut Sadrozinski

Silicon-based timing detectors is a new technology  
Now being deployed in ATLAS and CMS

LGAD sensors already 
being built in China: NDL, IME 

Next step: Combine timing and position resolution in same device → e.g. AC-LGAD



Time Projection Chamber at CEPC

32



Pixel TPC Technology R&D

33

Peter Kluit



Micro pattern gas detectors

34

Florian Brunbauer

μRWELL

10’s MHz  
readout



Future perspectives

35

Novel manufacturing

Novel materials

J. Bortfeldt et. al. (RD51-PICOSEC collaboration), Nuclear. Inst. & Methods A 903 (2018) 317-325 



The sPHENIX TPC

36

Klaus Dehmelt

Head-on collisions Au-Au @ 200 GeV/nucleon at RHIC produce thousands of particles 
→ Ion Back Flow Problem 



The sPHENIX TPC

37

Optimize amplification device’s operating point: Gain on first GEM determines desired 
properties→compromise between energy resolution (dE/dX) and IBF 

Test beam 
at Fermilab

Intrinsic resolution 
90 μm



Cylindrical Drift Chamber from MEG II

38

Marco Chiappini

operating voltage: ~1.4 kV

Issues discussed: 
- Corrosion and breakage of 70 Al(Ag) field wires in presence of 40-65% humidity level (mostly 40μm) 

- Cured by keeping chamber in dry environment 
- Anomalous high currents still under investigation 

The construction of a new chamber (CDCH2) is under study



RPC Chambers

39

Imad Laktineh
New readout scheme

Reduce ghost particles and 
readout channels 

cost and power consumption

Multi-gap RPC are excellent 
fast timing detectors 

The CSR (Cooler Storage Ring) 
External-target Experiment (CEE) CEPC

eTOF SDHCal

Time resolution: 60-100 ps

Weihao Wu  
Botan Wang



Particle Flow Calorimetry (CALICE)

40

Frank Simon (fsimon@mpp.mpg.de)CALICE Introduction - CEPC Workshop Shanghai , October 2020

Event Reconstruction at Future Colliders

4

… Goals …

significance:
directly depends on 
mass resolutionSp

S +B

• More practically:

The typical “PR” example: 

Separation of hadronic final states of 
heavy bosons: Requires jet energy 
resolution of ~ 3.5% over a wide 
energy range

 

Frank Simon



Silicon-Tungsten ECAL (Si-ECAL)

41

Taikan Suehara 

New Silicon Sensor Development



Scintillator ECAL 
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Yazhou Niu 
Taikan Suehara 



Scintillator ECAL Prototype

43

30 full layers prepared in China-Japan collaboration 

Test beam in China in next two weeks

Test beam planned for February 2021 at DESY 

Cosmic ray



Scintillator HCAL/CMS (HGCAL) - Steel 

44

Jiechen Jiang 
Taikan Suehara 

Studies of light yield, tile size, uniformity, SiPM

Prototype for CEPC being developed 

Batch assembly  
and testing



New Ideas: Crystal Calorimeters

45

Crystals: LYSO:Ce, PbWO, BGO?
Cost is an issue

Two new segmented ECAL designs based on crystals

Yong Liu

SiPM: HPK, NLD?
Being incorporated into CEPC Software
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Dual Readout Calorimeters

47

DREAM 
RD52 
IDEA

Iacopo Vivarelli  
Sarah Eno



Dual Readout Crystal Calorimeter
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Dual Readout Crystal Calorimeter

49



Particle Identification at a Z factory

50

Franco Grancagnolo

Performance session: Nice overview on particle identification techniques



Final remarks

51

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

73 detector-related talks in the parallel sessions

CEPC CDR: http://cepc.ihep.ac.cn/

R&D of key detector technologies continues and are being prototyped

CEPC aims to be an International Global project 
At least one future high-energy e+e- collider should be built 

Continued world-wide collaboration effort is crucial to realize such project

51 talks “supposedly” covered here

Apologies to everyone that was left out and/or not properly referenced

CEPC detector concepts are evolving and adapting 



Silicon Detectors  — Monday, 8:30 am and 14:00 
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• Overview of CEPC silicon detector — Hongbo 
• CMOS pixel sensors with high resolution and lower power for CEPC (MOST1)  
• TaichuPix for CEPC (MOST2) — Weiwei (IHEP) 
• TowerJazz 65 nm — Laura Gonella (Birmingham) 
• ARCADIA — Piero Giubilato (Padova)



Gaseous Detectors

53

• Time Projection Chamber 
• Drift Chamber 
• Micro Pattern Gas Detectors (MPGC) 
• RPC



Calorimeters
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• Crystal calorimeters 
• High granularity crystal calorimeter 
• Crystal and dual readout  

• “Traditional” high-granularity calorimeters (CALICE) 
• Dual Readout calorimeters



Performance

55

• CEPC detectors performance 
• CLIC and FCCee detector performance 
• Particle identification



MDI, Magnet and Integration

56

• Background estimations from CEPC, FCC-ee and Belle II 
• MDI region design 
• Luminosity measurement



Extra Slides

57


