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Main Parameters of Collider Ring
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 Higgs W Zҁ3T҂ Zҁ2T҂

Number of IPs 2

Beam energy (GeV) 120 80 45.5

Crossing angle at IP (mrad) 16.5×2

Number of particles/bunch Ne (1010) 15.0 12.0 8.0

Bunch number (bunch spacing) 242 (0.68µs) 1524 (0.21µs) 12000 (25ns+10%gap)

Beam size at IP σx /σy (µm) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04

Bunch length σz (mm) 3.26 5.9 8.5

Luminosity/IP L (1034 cm-2s-1) 2.93 10.1 16.6 32.1



Detector Conceptual Designs
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Baseline detector (3 Tesla)
ILD-like

(similar to pre-CDR)

Final two detectors likely to be a mix and match of different options
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8 EXPERIMENTAL CONDITIONS AND DETECTOR REQUIREMENTS

Figure 3.2: Schematic layout of the IDEA detector. Sub-detectors are outlined in different colors :
vertex detector (red), drift chamber (green), pre-shower (orange), magnet (gray), calorimeter (blue),
magnet yoke and muon system (violet).

pixel technology as well as profit from the electronic and mechanical work of the ALICE
ITS.

Outside the vertex detector we find a 4 m long cylindrical drift chamber starting from
a radius of ⇠30 cm and extending until 2 m. The chamber can be made extremely light,
with low mass wires and operation on 90% helium gas; less than 1% X0 is considered
feasible for 90� tracks. Additional features of this chamber, which is described in detail in
section 6.3, are a good spatial resolution, <100 µm, dE/dx resolution at the 2% level and
a maximum drift time of only 150 nsec. Track momentum resolution of about 0.5% for
100 GeV tracks is expected when vertex detector and pre-shower information is included
in the track fit. It is worth noting that the design of this chamber is the evolution of work
done over many years on two existing chambers, that of the KLOE detector [12] and that
of the recent MEG experiment upgrade [13]; major R&D work was done also for the 4th
concept at ILC [14] and then for the Mu2E tracker [15].

A pre-shower is located between the drift chamber and the magnet in the barrel region
and between the drift chamber and the end-cap calorimeter in the forward region. This
detector consists of a ⇠1 X0 = 0.5 cm of lead followed by a layer of silicon micro-strip
detectors. A second layer of MPGD chambers is located between the magnet and the
calorimeter in the barrel region, while in the end-cap region an additional layer of lead
is placed between the silicon and the chambers. This way about 75% of the ⇡0’s can be
tagged by having both �’s from their decay identified by the pre-shower. The silicon layer,
besides increasing the tracking resolution, provides a very precise acceptance determina-
tion for both charged particles and �’s. The optimization of pre-shower thickness and
calorimeter resolution is still in progress.

A solenoidal magnet surrounds the tracking system and the first pre-shower layer.
Presently planned dimensions are 6 m of length and 4.2 m inner diameter. The relatively
low two Tesla field and the small dimensions have important implications on the overall
magnet package thickness, that can be kept at the 30-40 cm level, and on the size of the

Low
magnetic field

concept
(2 Tesla)
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Figure 5.16: The R-Z view of the full silicon tracker proposed for CEPC (left) and the enlarged version
of SID design (right).
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Figure 5.17: The number of expected hits are shown as function of track pesuro-rapadity.
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CEPC baseline detector: ILD-like

�6

CEPC detector  (1)  
• ILD-like design with some modification for circular collider  

• No Power-pulsing 
• Tracking system (Vertex detector, TPC detector , 3.5T magnet) 

• Expected Impact parameter resolution: less than 5μm 
• Expected Tracking resolution : δ(1/Pt) ~ 2*10-5(GeV-1) 

• Calorimeters: Concept of Particle Flow Algorithm (PFA) based 
• Expected jet energy resolution : σE/E ~ 0.3/√E 

 
 

3 
Magnetic Field: 3 Tesla — changed from preCDR  

• Impact parameter resolution: less than 5 μm 
• Tracking resolution: δ(1/Pt) ~ 2×10-5 (GeV-1) 
• Jet energy resolution: σE/E ~ 30%/√E 

Flavor tagging
BR(Higgs → μμ)
W/Z dijet mass separation



CEPC baseline detector: ILD-like: Design Considerations

�7

CEPC detector  (1)  
• ILD-like design with some modification for circular collider  

• No Power-pulsing 
• Tracking system (Vertex detector, TPC detector , 3.5T magnet) 

• Expected Impact parameter resolution: less than 5μm 
• Expected Tracking resolution : δ(1/Pt) ~ 2*10-5(GeV-1) 

• Calorimeters: Concept of Particle Flow Algorithm (PFA) based 
• Expected jet energy resolution : σE/E ~ 0.3/√E 

 
 

3 
Magnetic Field: 3 Tesla — changed from preCDR  

• Impact parameter resolution: less than 5 μm 
• Tracking resolution: δ(1/Pt) ~ 2×10-5 (GeV-1) 
• Jet energy resolution: σE/E ~ 30%/√E 

Flavor tagging
BR(Higgs → μμ)
W/Z dijet mass separation

Major concerns being addressed
1. MDI region highly constrained

L* increased to 2.2 m
Compensating magnets

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

4. ECAL/HCAL granularity needs
Passive versus active cooling

2. Low-material Inner Tracker design



Low magnetic field detector concept
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Vertex: Similar to CEPC default 
* Drift chamber: 4 m long; Radius ~30-200 cm 
Preshower: ~1 X0

* Dual-readout calorimeter: 2 m/8 λint 
* (yoke) muon chambers 

Proposed by INFN, Italy colleagues Magnet: 2 Tesla, 2.1 m radius
    Thin (~ 30 cm), low-mass (~0.8 X0)

DR
AF

T-
0

8 EXPERIMENTAL CONDITIONS AND DETECTOR REQUIREMENTS

Figure 3.2: Schematic layout of the IDEA detector. Sub-detectors are outlined in different colors :
vertex detector (red), drift chamber (green), pre-shower (orange), magnet (gray), calorimeter (blue),
magnet yoke and muon system (violet).

pixel technology as well as profit from the electronic and mechanical work of the ALICE
ITS.

Outside the vertex detector we find a 4 m long cylindrical drift chamber starting from
a radius of ⇠30 cm and extending until 2 m. The chamber can be made extremely light,
with low mass wires and operation on 90% helium gas; less than 1% X0 is considered
feasible for 90� tracks. Additional features of this chamber, which is described in detail in
section 6.3, are a good spatial resolution, <100 µm, dE/dx resolution at the 2% level and
a maximum drift time of only 150 nsec. Track momentum resolution of about 0.5% for
100 GeV tracks is expected when vertex detector and pre-shower information is included
in the track fit. It is worth noting that the design of this chamber is the evolution of work
done over many years on two existing chambers, that of the KLOE detector [12] and that
of the recent MEG experiment upgrade [13]; major R&D work was done also for the 4th
concept at ILC [14] and then for the Mu2E tracker [15].

A pre-shower is located between the drift chamber and the magnet in the barrel region
and between the drift chamber and the end-cap calorimeter in the forward region. This
detector consists of a ⇠1 X0 = 0.5 cm of lead followed by a layer of silicon micro-strip
detectors. A second layer of MPGD chambers is located between the magnet and the
calorimeter in the barrel region, while in the end-cap region an additional layer of lead
is placed between the silicon and the chambers. This way about 75% of the ⇡0’s can be
tagged by having both �’s from their decay identified by the pre-shower. The silicon layer,
besides increasing the tracking resolution, provides a very precise acceptance determina-
tion for both charged particles and �’s. The optimization of pre-shower thickness and
calorimeter resolution is still in progress.

A solenoidal magnet surrounds the tracking system and the first pre-shower layer.
Presently planned dimensions are 6 m of length and 4.2 m inner diameter. The relatively
low two Tesla field and the small dimensions have important implications on the overall
magnet package thickness, that can be kept at the 30-40 cm level, and on the size of the

r~2.1 m

Collaboration with China
Similar to Concept Detector for FCC-ee

Integrated test beam
September 2018

Looking for helpers



Interaction region: Machine Detector Interface
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Updated	baseline	parameters:	
• Head-on	collision	changed	to	crossing	angle	of	33	mrad		
• Focal	length	(L*)	increased	from	1.5	m	to	2.2	m		
• Solenoid	field	reduced	from	3.5	T	to	3	T	

One of the most complicated issue in the CEPC detector design

Full partial double ring

LumiCal

166 CEPC INTERACTION REGION AND DETECTOR INTEGRATION
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Figure 10.1: Layout of the interaction region.

10.2 Final focusing magnets

The two final focusing quadrupoles, QD0 and QF1, are inside the CEPC detector given
the short focal length, and must operate in the background field of the detector solenoid.
QD0 is the quadrupole magnet closest to the interaction point, with a distance of 2.2 m
and 1.73 m in length. It is designed as double-aperture superconducting magnet realized
with two layers of cos-theta quadrupole coil using Rutherford cable without iron yoke.
The total four coils are clamped with stainless steel collars. It shall deliver a gradient field
of 151 T/m and control the filed harmonics in the sensitive area to be below 3⇥10

�4. The
cross-sectional view of the single aperture of the QD0 is depicted in Fig. 10.2.

Figure 10.2: Schematic view of the single aperture of the QD0 superconducting magnet.

L* = 2.2 m

Lumi unc: 1 × 10-3

(studies lead by Vinca 
and Academia Sinica)

Challenging engineering design

Rates at the inner layer 
                                (16 mm):

Hit density: ~2.5 hits/cm2/BX
TID:                2.5 MRad/year 
NIEL:             1012 1MeV neq/cm2

(Safety factors of 10 applied)



Baseline Pixel Detector Layout
3-layers of double-sided pixel sensors

✦ ILD-like layout
✦ Innermost layer: σSP = 2.8 μm
✦ Polar angle θ ~ 15 degrees
✦ Material budget ≤ 0.15%X0/layer

Implemented in GEANT4 simulation framework (MOKKA)

DETECTOR PERFORMANCE STUDIES 13

R(mm) |z|(mm) |cos✓| �(µm) Readout time(us)

Layer 1 16 62.5 0.97 2.8 20
Layer 2 18 62.5 0.96 6 1-10
Layer 3 37 125.0 0.96 4 20
Layer 4 39 125.0 0.95 4 20
Layer 5 58 125.0 0.91 4 20
Layer 6 60 125.0 0.90 4 20

Table 4.1: Vertex detector parameters

embedded in the jets. For CEPC operation at the center-of mass energy of 240 GeV, those
tracks are often of low momentum, for which the multiple scattering effect dominates the
tracking performance as illustrated by Eq. 4.1

The CEPC vertex detector layout has been fully implemented in the GEANT4-based
simulations framework MOKKA [2]. In addition, as inspired by the detailed studies for
the CLIC detectors [3], fast simulation with the LiC Detector TOY simulation and re-
construction framework (LDT) [4] has been used for detector performance evaluation and
layout optimisation. The preliminary studies for optimisation to evaluate the sensitivity
of the results on the chosen parameters had been done, for the purpose of assessing the
impact of the detector geometries and material budgets on required flavor-tagging perfor-
mance. However, beam-induced background was not included at the moment.

4.3.1 Performance of the Baseline Configurations

The impact parameter resolution following from the single point resolutions provided in
the table 4.1 is displayed in figure 4.2 as a function of the particle momentum, showing
that the ambitious impact parameter resolution is achievable.

4.3.2 Material Budget

The baseline design includes very small material budget for the beam pipe as well as for
the sensor layers and their support. To assess the sensitivity of the performance on the
amount of material, the material budget for the detection layers of the vertex detector has
been varied. The resulting transverse impact-parameter resolutions for low-momentum
tracks are shown in Figure 4.3. When increasing the material of the detector layers by a
factor of two, the resolution will be degraded by approximately 20%.

4.3.3 Dependence on Single-Point Resolution

The dependence of the transverse impact-parameter resolution on the pixel size was stud-
ied by varying the single-point resolution for the simulation of the vertex layers by worse
of 50% w.r.t. the baseline values. The resulting resolutions for high and low track mo-
menta as function of the polar angle ✓ are shown in Figure 4.4. The resolution for
track momenta of 100GeV is found to change by approximately 50% in the barrel re-
gion. Here they exceed the target value for the high-momentum limit of a⇡5µm for both
pixel sizes, as expected from the corresponding single-point resolutions. For 1GeV, where

Ladder
3

Ping Yang (CCNU ) 13

CMOS pixel sensor & technology 

Epi	

Sub
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Minus	voltage	0~	-6V

N	wellN+

Depletion	Region
++

__
_

P+

Integration	diode	N+/epi Reset	diode	P+/Nwell

p	wellN+ N+

Deep	P	well

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

	Ultimate	(Mimosa	28)	installed	for	STAR	PXL,	ALPIDE	for	ALICE	ITS	Upgrade

➢ Selected	TowerJazz	0.18	µm	CIS	technology	for	CEPC	R&D,	featuring:		
• Quadruple	well	process:		deep	PWELL	shields	NWELL	of	PMOS		
• Thick	(18-40	μm)	and	high	resistivity	(≥1	kΩ•cm)	epitaxial	layer:	larger	

depletion		
• Thin	gate	oxide	(<	4	nm):	robust	to	total	ionizing	dose	
• 6	metal	layers

25/1/2017IAS Program on High Energy Physics 2017 

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

CMOS pixel sensor (MAPS)

Ladder
1

Ladder
2



Current R&D activities
• Initial sensor R&D targeting: 

• Sensors technologies:
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Specs Observations
Single point resolution near IP: < 3-5 μm Need improvement

Power consumption: < 100 mW/cm2 Need to continue trying to lower by a 
factor of 2

Integration readout time: < 10-100 μs Need 1 μs for final detector
Radiation (TID) 1 MRad Need 2.5× higher /year 

Process Smallest 
pixel size

Chips 
designed Observations

CMOS pixel sensor (CPS) TowerJazz CIS 0.18 μm 22 × 22 μm2 2 Founded by MOST and IHEP
SOI pixel sensor LAPIS 0.2 μm 16 × 16 μm2 2 Funded by NSFC

• Institutions: CCNU, NWTU, Shandong, Huazhong Universities and IHEP (IPHC in Strasbourg, KEK) 
• New project: Full size CMOS sensor for use in real size prototype

New



Silicon Vertex Detector Prototype - MOST (2018-2023)
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Extended goals if manpower 
and support available

International 
Collaboration

Liverpool Univ.
Oxford Univ.

Barcelona Univ.
University of Mass

RAL
others…..

X-Y viewer of VXD and SIT
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Double sided ladder Layers 2 and 3 (22 mm x 125 mm) 
Chip size: 11 mm X 20.8 mm

6 X 2 layer = 12 chips125 mm

Mechanical prototype 
with subset of ladders instrumented/readout

62.5 mm

Double sided ladder Layer 1 (11 mm x 62.5 mm) 
Chip size: 11 mm X 20.8 mm

3 X 2 layer = 6 chips

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

Minimal goals:
- 3-layer prototype
- Sensor:

- 1 MRad TID sensor
- 3-5μm SP resolution

Integrated electronics 
readout

Design and produce light 
and rigid support structures



Silicon Tracker Detector - Baseline

SILICON TRACKER 157

6.3 Silicon Tracker

In addition to the vertex detector (Section 6.2) and the TPC (Section 6.4), the CEPC
tracking system also includes a silicon tracker, exploring a similar scenario to that adopted
for the ILD detector design [2]. Complementary to the continuous tracking provided by
the main tracker TPC, the CEPC silicon tracker, together with the vertex detector, provides
several additional high-precision space-points on the track trajectory before and after the
TPC, yet with sufficiently low material as to minimise the multiple-scattering effect. Such
a tracking system, using a mixture of detector technologies, enables efficient and robust
reconstruction of charged particles and precise determination of the particle momenta,
with excellent resolution of

�1/pT
= 2 ⇥ 10�5 � 1 ⇥ 10�3

pT · sin ✓.
(6.2)

In addition, the silicon tracker provides the possibility to monitor possible field distor-
tion in the TPC. It also contributes to the detector alignment and allows time-stamping for
the separation between bunch crossings to suppress overlapping events.

Figure 6.8 Preliminary layout of the CEPC silicon tracker. The red lines indicate the positions of the
vertex detector layers and the blue lines the SIT and FTD for the silicon tracker. The SET and ETD, which
sit outside the TPC, are not displayed.

6.3.1 Baseline Design

The baseline design for the CEPC silicon tracker adopts the same concept of “Silicon
Envelope” [31] as for the ILD detector, but necessary modifications are made to cope

Not much R&D
done so far

TPC

SIT

VTX

SET: r = ~1.8 m

ETD: z = ~2.4 m

Pixels

Tracker material
budget/layer: 

~0.50-0.56% X/X0

1. Microstrip sensors
2. Large CMOS pixel                       

sensors (CPS)

Sensor technology

Power and Cooling
1. DC/DC converters
2. Investigate air cooling

25 cm

12 cm Total Silicon area ~ 68 m2

Extensive opportunities for international participation



Time Projection Chamber (TPC)
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TPC detector concept 

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

- 5 -

Detector concept

International Large Detector  (PFA)

TPC detector concept

� ILD like concept
� Motivated by the H tagging and Z
� Main tracker detector with TPC
� 3~4 Tesla magnetic field
� ~100 µm position resolution in rφ
� Systematics precision (<20 µm internal)
� GEM and Micromegas as readout
� Distortion by IBF issues

Ions backflow in drift volume for distortion

Page - 4

TPC requirements for CEPC
TPC could be as one tracker detector option for CEPC,   1M ZH events in 
10yrs Ecm ≈250 GeV, luminosity ~2×1034 cm-2s-1, can also run at the Z-pole

The voxel occupancy takes its maximal value between 2×10-5 to 2×10-7, 
which is safety for the Z pole operation. Of course, it is well for Higgs run too.
https://doi.org/10.1088/1748-0221/12/07/P07005

TPC detector concept:
� Motivated by the H tagging and Z
� Main tracker detector with TPC
� ~3 Tesla magnetic field
� ~100 µm position resolution in rφ
� Systematics precision (<20 µm internal)
� Large number of 3D points(~220)
� Distortion by IBF issues
� dE/dx resolution: <5%
� Tracker efficiency: >97% for pT>1GeV TPC detector concept

• Allows for particle identification
• Low material budget:

• 0.05 X0 including outfield cage in r
• 0.25 X0 for readout endcaps in Z

• 3 Tesla magnetic field —> reduces diffusion of drifting electrons 
• Position resolution: ~100 µm in rφ
• dE/dx resolution: 5%
• GEM and Micromegas as readout
• Problem: Ion Back Flow —> track distortion

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

- 33 -

Design of the prototype with laser

� Support platform: 1200mm×1500mm (all size as the actual geometry)

� TPC barrel mount and re-mount with the Auxiliary brackets

� Readout board (Done), Laser mirror (Done), PCB board (Done)

Prototype built

- 35 -

International cooperation

� CEA-Saclay IRFU group (FCPPL)
� Three vidyo meetings with Prof. Aleksan Roy/ Prof. Yuanning/ 

Manqi and some related persons (2016~2017)
� Exchange PhD students: Haiyun Wang participates Saclay’s R&D 

six months in 2017~2018 
� Bulk-Micromegas detector assembled and IBF test
� IBF test using the new Micromegas module with more 590 LPI

� LCTPC collaboration group (LCTPC)
� Singed MOA and joined in  LC-TPC collaboration @Dec. 14,2016
� As coordinator in ions test and the new module design work package
� CSC funding: PhD Haiyun jiont CEA-Scalay TPC group(6 months)
� Plan to beam test in DESY with our hybrid detector module in 2019
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Drift Chamber Option - IDEA proposal
Lead by Italian Colleagues
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Text%in%Word%

Layers: 14 SL × 8 layers = 112
Cell size: 12 - 14 mm

Dri$%Chamber%Prototype%TEST%@%PSI%
Sept.%13J27,%2017%

Dri$%Chamber%Prototype%TEST%@%PSI%
Sept.%13J27,%2017%

MEG2 prototype being tested 

Follows design of the KLOE 
and MEG2 experiments 

Stereo angle: 50-250 mrad

• Length: 4 m
• Radius: 0.3- 2m
• Gas: 90%He − 10%iC4H10 

• Material: 1.6% X0 (barrel)

• Spatial resolution: < 100 μm
• dE/dx resolution: 2%
• Max drift time: <400 nsec
• Cells: 56,448

Low-mass cylindrical drift chamber



FULL-SILICON TRACKER DETECTOR 43
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Figure 5.16: The R-Z view of the full silicon tracker proposed for CEPC (left) and the enlarged version
of SID design (right).
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Figure 5.17: The number of expected hits are shown as function of track pesuro-rapadity.

Full silicon tracker concept

�16

Replace TPC with additional silicon layers

Rad length up to 7% 

CEPC-SID: 
6 barrel double strip layers

5 endcap double strip layers

FULL-SILICON TRACKER DETECTOR 43
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Figure 5.16: The R-Z view of the full silicon tracker proposed for CEPC (left) and the enlarged version
of SID design (right).
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Figure 5.17: The number of expected hits are shown as function of track pesuro-rapadity.

SIDB: SiD optimized 
5 barrel single strip layers

5 endcap double strip layers

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

Radius
~ 1.8 m

Length: ~ 2.1 mLength: ~ 2.3 m

Collaboration with Argonne and Berkeley



Calorimeter options
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New

ECAL with Silicon and Tungsten (LLR, France) 
(*) ECAL with Scintillator+SiPM and Tungsten (IHEP + USTC) 

(*) SDHCAL with RPC and Stainless Steel (SJTU + IPNL, France) 
SDHCAL with ThGEM/GEM and Stainless Steel  (IHEP + UCAS + USTC) 
(*) HCAL with Scintillator+SiPM and Stainless Steel (IHEP + USTC + SJTU) 

(*) Dual readout calorimeters (INFN, Italy + Iowa, USA)

Chinese institutions have been
focusing on Particle Flow calorimeters

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

Electromagnetic

Hadronic



ECAL Calorimeter  — Particle Flow Calorimeter
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Scintillator-Tungsten Sandwich ECAL

 
Scintillator-W option  

 

10 

Plastic scintillator 
5 x 45 mm2 ( 2 mm thick) 

SiPM

 
Scintillator-W option  

 

10 

Superlayer (7 mm) is made of:
- 3 mm thick: Tungsten plate
- 2 mm thick: 5 x 45 mm2

- 2 mm thick: Readout/service layer

Cell size: 5 x 5 mm2 
       (with ambiguity) 

R&D on-going:
- SiPM dynamic range
- Scintillator strip non-uniformity
- Coupling of SiPM and scintillator

Mini-prototype tested on 
testbeam at the IHEP 



HCAL Calorimeter — Particle Flow Calorimeter
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Scintillator and SiPM HCAL (AHCAL)
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HADRONIC CALORIMETER FOR PARTICLE FLOW APPROACH 97

ure6.40 shows the AHCAL structure. Figure6.41 shows the AHCAL one layer structure.
The scintillator tiles wrapped by reflective foil are used as sensitive medium, interleaved
with stainless steel absorber. The thickness of active layer is 4 mm to 5 mm, it depend the
thickness of scintillator thickness.

Figure 6.40: Side view of one layer in AHCAL

Figure 6.41: Side view of one layer in AHCAL

The structure of scintillator tiles is shown in Figure 6.42. A dome-shaped cavity
was processed in the center of the bottom surface of each tile via mechanical drilling and
polishing. The diameter and height of cavity are 6mm, 1.5mm, respectively, as shown in
Figure 6.42 (right). This design of cavity can improve response uniformity and decrease
the dead area of HCAL.

Figure 6.42: Top view of a detector cell (left) and sectional view of a detector cell with a dome-shaped
cavity (right)

The AHCAL prototype detector simulated by Geant4 which was encapsulated in
toolkit including several models. The detector model used here was CEPC_v1 detector
model and the sub detector was SiCal. The geometry information was extract by Mokka at
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32 super modules 40 layers

Readout channels:
~ 5 Million (30 x 30 mm2)
~ 2.8 Million (40 x 40 mm2)

Prototype to be built: MOST (2018-2023)
0.5×0.5 m2 ҅35 layer (4λ)҅3×3 cm2  module



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

DUAL-READOUT CALORIMETRY 103

Figure 5.52: A possible 4⇡ solution (called "wedge" geometry).

Figure 5.53: (a) Fibre arrangement inside the modules. (b) Dimensions of a module in the barrel
region (at ⌘ = 0): from inside to outside the number of fibres more than doubles.

Figure 5.54: An alternative 4⇡ solution (called "wing" geometry).

Projective 4π layout implemented into CEPC simulation
(based on 4th Detector Collaboration design)

DUAL-READOUT CALORIMETRY 103

Figure 5.52: A possible 4⇡ solution (called "wedge" geometry).

Figure 5.53: (a) Fibre arrangement inside the modules. (b) Dimensions of a module in the barrel
region (at ⌘ = 0): from inside to outside the number of fibres more than doubles.

Figure 5.54: An alternative 4⇡ solution (called "wing" geometry).

Covers full volume up to |cos(θ)| = 0.995 
with 92 different types of towers (wedge) 

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

Studying different readout schemes
PMT vs SiPM

Expected resolution:
EM: ~10%/sqrt(E)

Hadronic: 30-40%/sqrt(E)

Several prototypes from RD52
have been built



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

Central	magne+c	field 3	T

Opera+ng	current 15779	A

Stored	energy 1.3	GJ

Inductance 10.46	H

Coil	radius 3.6-3.9	m

Coil	length 7.6	m

Cable	length 30.35	km

Main parameters of solenoid coil

Design for 2 Tesla magnet presents no problems

120 DETECTOR MAGNET SYSTEM

7.2 The Magnetic Field Requirements and Design

7.2.1 Main parameters

The CEPC solenoid main parameters are given in Table 7.1. The 7.6 m long CEPC de-
tector coil is composed of 5 modules. It batches the construction easiness and risks in-
cluding superconducting wire selection, fabrication of the external support, winding and
impregnation, transport and handling. The design enables the possibility to use shorter
unit lengths of superconducting conductor (1.65 km) and join them in known positions
and in low field regions, on the outer radius of the solenoid. The difference compared to
PreCDR is that the central magnetic field changes from 3.5 T to 3 T. The geometry size is
the same with 3.5 T design, as shown in Figure 7.1. There are five modules of the coil.

The solenoid central field (T) 3 Working current (kA) 15779
Maximum field on conductor (T) 3.485 Total ampere-turns of the solenoid (MAt) 20.323

Coil inner radius (mm) 3600 Inductance (H) 10.46
Coil outer radius (mm) 3900 Stored energy (GJ) 1.3

Coil length (mm) 7600 Cable length (km) 30.35
Table 7.1: Main parameters of the solenoid coil

Figure 7.1: 2D layout of CEPC magnet (mm)

Each module contains 4 layers. The end two modules contain 44 turns per layer. Table
7.2 shows the coil parameters.

7.2.2 Magnetic field design

In the calculation we use the cable as Figure 7.2. The NbTi Rutherford cable is in the
center, the pure aluminum stabilizer and aluminum alloy reinforcement are around. The
figure shows the parameters of the cable. This model has been used for magnetic field
calculation, stress analysis of the coil and quench analysis of the magnet.

Figure 7.3 shows the magnetic field map of the magnet. The central field is 3 T.
The maximum magnet field is 3.5 T. Figure 7.4 gives the main component BZ of the field
along the beam axis. Figure 7.5 shows the magnetic flux line distribution of the magnet.

Default is NbTi Rutherford SC cable (4.2K) 
Solutions with High-Temperature SC cable also being considered (YBCO, 20K)

Double-solenoid design also available



Muon detector
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CEPC Physics and Detector Meeting April 17th , 2017

Muon System Overview Muon System Overview 

2

Structure:
• Between magnet iron yoke, outside HCAL
• Cylindrical barrel & two endcap system
• Solid angle coverage: 0.98 * 4S

Technology:
• Bakelite/glass RPC, Scintillator strip
• New technology/design welcome

Baseline: Bakelite/glass RPC

Baseline Muon detector

Technologies considered
Monitored Drift Tubes

Resistive Plate Chambers (RPC)
Thin Gap Chambers (TGC)

Micromegas
Gas Electron Multiplier (GEM)

Scintillator Strips

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:
• Justification for number of layers

• Implications for exotic physics searches
• Use as a tail catcher / muon tracker (TCMT)

• Jet energy resolution with/without TCMT 

- 8 layers
- Embedded in Yoke
- Detection efficiency: 95%

New technology
proposal (INFN):

μRwell

158 MUON SYSTEM

as well as current evacuation. The foil is then coupled to a readout board 8.2b). A chemi-
cal etching process is then performed on the top surface of the overall structure in order to
create the WELL pattern (conical channels 70 um (50 um) top (bottom) in diameter and
140 µm pitch) that constitutes the amplification stage 8.2c). The high voltage applied be-
tween the copper and the resistive DLC layers produces the required electric field within
the WELLs that is necessary to develop charge amplification. The signal is capacitively
collected at the readout strips/pads. Two main schemes for the resistive layer can be en-
visaged: a low-rate scheme ( for particles fluxes lower than 100 kHz/cm2) based on a
simple resistive layer of suitable resistivity; and an high-rate scheme (for a particle flux
up to 1MHz/cm2) based on two resistive layers intra-connected by vias and connected to
ground through the readout electrodes. Finally, a drift thickness of 3-4 mm allows for
reaching a full efficiency while maintaining a versatile detector compactness.

Figure 8.2: a) Layout of a µRWell detector module; b) Coupling steps of the µRWell PCB c) Ampli-
fication stage directly coupled with the readout.

A distinctive advantage of the proposed µRWell technology is that the detector does
not require complex and time-consuming assembly procedures (neither stretching nor glu-
ing), and is definitely much simpler than many other existing MPGDs, such as GEMs or
MicroMegas. Being composed of only two main components, the cathode and anode
PCBs, is extremely simple to be assembled. The engineering and the following indus-
trialization of the u-RWell technology is one of the most important goals of the project.
The engineering of the detector essentially coincides with the technological transfer of
the manufacturing process of the anode PCB to a suitable industrial partner. The main



Funding Support for Detector R&D
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Multiple funding sources

Ministery of Sciences and Technology (MOST)
National Science Foundation of China

- Major project funds
- Individual funds

Industry cooperation funds
IHEP Seed Funding
Others

Detector Funding (M RMB)
Silicon 18.2

TPC 7.0
Calorimeter 21.3

Magnet 8.7
Total 55.2

{
Currently secured funding



Conceptual Design Report (CDR) - Status
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Draft-0 released in November 2017 

 Mini international review 

Early fall 2018: Planned public release date 

 Soon after CEPC accelerator CDR is released 

 Accommodate new accelerator design parameters and 

solenoid magnetic field 

Still 
Opportunities for people to contribute editing, reviewing

ҁh7p://cepc.ihep.ac.cn/preCDR/volume.html҂

Pre-CDR	completed	in	2015

Detector	and	Physics	-	Conceptual	Design	Report	(CDR)

• No	show-stoppers	
• Technical	challenges	idenLfied	→	R&D	issues

• Goal:	A	working	concept	on	paper,	including	alternaLves

CEPC
Conceptual Design Report

Volume II - Physics & Detector

The CEPC Study Group

Fall 2018

IHEP-CEPC-DR-2018-XX

IHEP-EP-2018-XX

IHEP-TH-2018-XX

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


Final remarks
 Significant work done towards the CEPC Detector CDR 

 Two significantly different detector concepts are emerging 

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

 Key technologies are under R&D and put to prototyping: 
 Vertex detector, TPC, calorimeters, magnets 

 International colleagues getting more heavily involved, participating in CDR 

e.g. Drift chamber, dual readout calorimeter and muon chamber 

CEPC funding adequate for required R&D program 

Support from several sources in China: NSFC, MOST, etc 

International collaboration expanding 

 INFN, SLAC, Iowa State Univ., Belgrade, LLR, IPNL, LC-TPC, Liverpool, Oxford, Barcelona, etc…

�25

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



Thank you for the attention!
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