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Conceptual Design Report (CDR) - Status

• Goal:	A	working	concept	on	paper,	including	alterna6ves

2

Today: Draft-0 preliminary chapters available for discussion 

Chapter 3: Detector concepts (partial) 
Chapter 4: Vertex detector 
Chapter 5: Tracking system (TPC, silicon tracker, silicon-only concept, drift chamber) 
Chapter 6: Calorimeter (PFA and DR calorimeter options) 
Chapter 7: Magnet system 

Chapter 8: Muon system 

Chapter 10: MDI, beam background and luminosity measurement 
Chapter 11: Physics performance (partial)

（h:p://cepc.ihep.ac.cn/preCDR/volume.html）

Pre-CDR	completed	in	2015

Detector	and	Physics	-	Conceptual	Design	Report	(CDR)

• No	show-stoppers	
• Technical	challenges	iden6fied	→	R&D	issues

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


Conceptual Design Report (CDR) - Status

• Goal:	A	working	concept	on	paper,	including	alterna6ves

3

Spring 2018: Planned release date 

 Soon after CEPC accelerator CDR is released 

From this workshop till publication: 
Plenty of opportunities for everyone to contribute 

Lots of room to make a serious impact 

Nov 10-11: Informal CDR Mini-review 

http://indico.ihep.ac.cn/event/7384/

（h:p://cepc.ihep.ac.cn/preCDR/volume.html）

Pre-CDR	completed	in	2015

Detector	and	Physics	-	Conceptual	Design	Report	(CDR)

• No	show-stoppers	
• Technical	challenges	iden6fied	→	R&D	issues

More definite schedule available towards end of November 

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


Organization of the Physics and Detector Working Group

4

Conveners
Executive: Joao Barreiro Guimaraes Costa (IHEP)

Yuanning Gao (Tsinghua Univ.) 
Shan Jin (Nanjing Univ.)

Machine 
Detector 
Interface
Hongbo Zhu

Physics analysis and 
detector optimization

Ruan Manqi 
Li Gang 
Li Qiang 

Fang Yaquan

Vertex

Ouyang Qun  
Sun Xiangming 

Wang Meng

Tracker

Qi Huirong 
Yulan Li

Calorimeter

ECal HCal Muons

Hu Tao Liu Jianbei 
Yang Haijun

Li Liang 
Zhu Chengguang

http://cepc.ihep.ac.cn/~cepc/cepc_twiki/index.php/Physics_and_Detector



Detector and Physics Parallel Sessions
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Session Chairs CDR 
Chapter

Today, 16:00 
(3-days)

Poster session 
(many CDR details will be provided) “All”

Today,  
16:30 I: Detector concepts and system aspects Massimo Caccia 

JGC
3: Conditions and concepts 

7: magnet
Tuesday, 

8:00 II: Silicon vertex and tracker Daniela Bortolleto 
Meng Wang

4: Vertex detector 
5: Tracking system

Tuesday, 
8:00 III: Gaseous detectors

Yuanning Gao 
Soeren Prell 

Charles Young 

5: Tracking system 
8: Muon system

Tuesday, 
10:30 IV: Calorimeters

Roberto Ferrari 
Imad Laktineh 

Jianbei Liu
6: Calorimetry

Tuesday, 
14:00 V: Simulation Sasha Glazov 

Manqi Ruan 11: Physics performance

Tuesday, 
16:30 VI: Physics, joint with theory Patrizia Azzi 

Yaquan Fang 11: Physics performance

Tuesday, 
16:30 MDI Suen Hou 

Michael Sullivan 10: Interaction region

CDR Password: cdr2018-0draft



CDR Conceptual Designs
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Baseline detector for CDR
ILD-like

(similar to pre-CDR)

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

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

Low
magnetic field

concept

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.
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CEPC baseline detector: ILD-like
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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 ~ 0.3/√E 

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



CEPC baseline detector: ILD-like: Design Considerations
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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 ~ 0.3/√E 

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

Major concerns being addressed

MDI region highly constrained
L* increased to 2.2 m

Compensating magnets

TPC as tracker in high-luminosity
Z-pole scenario

ECAL/HCAL granularity needs
Passive versus active cooling



Low magnetic field detector concept
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Integrated into Conceptual Design Report
Dual readout calorimeter: Chapter 6

Talk: Session IV - Roberto Ferrari

Drift chamber: Chapter 5
Talk: Session II - Franco Gancagnolo

Muon detector (μRwell): Chapter 8
Talk: Session IV - Paolo Giacomelli

Beam pipe: radius 1.5 cm

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

Session I: Franco Bedeschi
CDR: Section 3.3

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



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
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Replace TPC with additional silicon layers

Rad length up to 7% 

Session I: Weiming Yao
CDR: Section 5.3

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)



Full silicon tracker concept
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Replace TPC with additional silicon layers

Session I: Weiming Yao
CDR: Section 5.3

REFERENCES 51

Figure 5.22: The di-muon mass distribution is compared from different detectors.

Figure 5.23: The tracking efficiencies for the stable particles inside the gluon jets as function of track
pT with CEPC v_4 and CEPCSID.

ZH → ννμμ
Di-muon mass

CEPC-SID

SIDBCEPC
baseline

CEPC-SID: σ = 0.21 GeV

SIDB: σ = 0.26 GeV
CEPC

Baseline
σ = 0.24 GeV

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



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

Central	magne6c	field 3	T

Opera6ng	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

Can consider design for 2 Tesla magnet, if needed

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)

Session I: Zian Zhu
CDR: Chapter 7



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

Session I: Zian Zhu
CDR: Chapter 7

122 DETECTOR MAGNET SYSTEM

Figure 7.3: Field map of the magnet (T)

Figure 7.4: The calculated magnetic field Bz along the detector axis

Stray field 3 T
50Gs R direction 13.6 m
50Gs Z direction 15.8 m

100Gs R direction 10 m
100Gs Z direction 11.6 m

Table 7.3: Coil parameters

out according to the coil. In the model there are some approximations have been made:
the barrel yoke and end-cap yokes are transformed into cylinders; the hole of the chimney
in the barrel has been neglected; the current (15779 A) in the winding has been modelled
as uniformly distributed in the Rutherford cable. The thickness of the support is 50 mm,
which is the same with al-alloy used in the cable.

148 DETECTOR MAGNET SYSTEM

and PLC acquisition signals, design optimization collection program and program design
Meter.

7.7 Iron Yoke Design

According to the physical design, the CEPC detector solenoid magnet need to provide a
3.0 T field for precise trajectory measurement for charged particles. The CEPC solenoid
consists mainly of three parts, which are a superconducting coil, a vacuum tank with a
thermal shield and a magnet yoke. Figure 7.46 shows the structure of the CEPC detec-
tor solenoid magnet and yoke. The solenoid magnet will produce an axial field and the
magnet yoke will take responsible for the return of the magnetic flux and reducing the
outside stray field to an acceptable level. At the same time, the magnet yoke must match
several other design requirements. Firstly, the yoke will provide mechanical support for
sub-detectors so that they can be positioned accurately. Secondly, the yoke will provide
room for muon detectors which will be set between layer and layer of yoke. Thirdly, the
yoke will provide space for data cable, cooling pipes , gas pipes and so on. According
to the general design of the CEPC detector, the magnet yoke is divided into a cylindri-
cal barrel and two endcap yokes. Taking into account of both mechanical performance
and magnetic requirements, high permeability material need to be developed as the yoke
material. Preliminary design of the yoke will be described as following.

Figure 7.46: iron and magnet

7.7.1 The Barrel Yoke

The barrel yoke will have a length of about 8200 mm and with a dodecagonal shape.
The inscribed circle diameter of the outer dodecagon will be about 13300 mm, and the
inscribed circle diameter of the inner dodecagonal will be about 7800 mm. The barrel
yoke will be composed of 3 rings, each ring will consist of 7 layers. There will be two
100 mm gaps between the rings which are designed to supply space for the data cables
and services. The thickness of inner 4 layers are 100 mm and outer 3 layers are 450 mm.

Default: Iron Yoke

Non-uniformity 9.1%

Dual Solenoid Scenario
Lighter and more compact
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REFERENCES 151

Figure 7.49: Sketch figure for the half cross section of the active shielding magnet, with the available
areas for muon chambers

Figure 7.50: Field map of the active shielding magnet

REFERENCES 151

Figure 7.49: Sketch figure for the half cross section of the active shielding magnet, with the available
areas for muon chambers

Figure 7.50: Field map of the active shielding magnet

5 T

-2 T



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

Magnet Field Strength Length Inner Radius
QD0 151 T/m 1.73m 19 mm

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

Session MDI: Chenghui Yu
CDR: Chapter 10

Session MDI: Suen Hou
CDR: Chapter 10

Lumi unc: 1 × 10-3

(studies lead by Vinca 
and Academia Sinica)



Interaction region: Machine Detector Interface
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• Radiative	Bhabha	scattering	
• Beam-beam	interactions	
• Synchrotron	radiation	
• Beam-gas	interactions	

Machine induced backgrounds

Session MDI: Hongbo Zhu
CDR: Chapter 10

Studies for new configuration being finalized}

DETECTOR BACKGROUNDS 169

Table 10.1: Higgs machine design parameters fed to the GUINEA-PIG simulation.

Machine Parameters Unit Value

Beam energy GeV 120
Particles per bunch 1.29⇥ 10

11

Beam size �x/�y µm 20.9/0.086
Beam size �z µm 3480
Normalized Emittance "x/"y mm·mrad 284.1/0.845

the contribution from radiative Bhabha scattering after collimation. However, Fig. 10.4(b)
shows that radiative Bhabha leads to much higher TID, which can be understood that
charged particles of higher energies are generated following this process.

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

]
-1

 B
X

-2
H

it 
D

e
n

si
ty

 [
cm

2−10

1−10

1

10

Combined

Radiative Bhabha

Pair Production

(a)

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

]
-1

T
ID

 [
kR

a
d

 y
r

10

210

310

Combined

Radiative Bhabha

Pair Production

(b)

Figure 10.4: Comparison of of hit density (a) and TID (b) due to pair production and radiative Bhabha
scattering.

In addition, Fig 10.5 shows the distributions of non-ionizing energy loss (NIEL) due
to pair production and radiative Bhabha scattering. Highest annual NIEL levels are in the
range of 1011 ⇠ 10

12 on the first vertex detector layer (r = 1.6 cm) and decrease at larger
radii.

10.3.4 Beam-gas interactions

Interactions between the beam particles and the residual gas in the beam pipe can induce
electromagnetic showers in the interaction region and enter the detector. Gas pressure is
assumed to be 10

�7 mbar, and results can be linearly rescaled for other pressures. Pre-
liminary result suggests that detector backgrounds induced by beam-gas interaction is
small compared to other types of backgrounds but more detailed evaluation needs to be
performed.

Higgs operation 
(Ecm = 240 GeV)

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)



Silicon Vertex Detector

3-layers of double-sided pixel sensors

Requirements 
– Single point resolution near the IP:  ≤ 3 µm → high granularity 
– Material budget: ≤ 0.15%X0/layer → Low power dissipation, thinned 
– Pixel occupancy: ≤ 1% → High granularity and/or short readout time

Target:
★ High granularity
★ Fast readout
★ Low power dissipation
★ Light structure

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

Session II: Qun OUYANG
CDR: Chapter 4
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Ping Yang (CCNU ) 13

CMOS pixel sensor & technology 

Epi	

Sub

+
STI

NMOS

STIN+ N	well P+P+

PMOS

Deep	P	well

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)

Session II: Qun OUYANG
CDR: Chapter 4

14 VERTEX

Figure 4.2: Transverse impact-parameter resolutions for single muon events as a function of the mo-
mentum for different polar angles.

Figure 4.3: Transverse impact-parameter resolution as function of the amount of material inside the
vertex barrel double layers, as obtained from the simulation. The results are shown for 1GeV and
10GeV tracks and for polar angles of ✓=20 degrees and of ✓=85 degrees. The material budget corre-
sponding to the baseline configuration is indicated by dashed lines.

Transverse impact parameter resolution 
for single muon

3 μm 

5 μm 
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2nd CMOS sensor (CPS) submission: digital prototypes design at IHEP & CCNU  
- First with in-pixel digitization; readout structure study
- Taped-out in May of 2017 (process: TowerJazz CiS 180nm)

1st Silicon-on-Insulator (SOI) sensor (CPV1) test: in progress
2nd SOI sensor (CPV2) design:  
- Pixel size: 16 μm×16 μm
- Digital readout
- Thinning to 75 μm

1st CMOS sensor (CPS) test: modified versions of both mother board and daughter board finished

Rolling shutter mode Global shutter mode

In-pixel front-end 2 stage single end 

version

Differential 

version

Self designed ALPIDE-like

+Digital processing

Pixel size 22×22 um2      33% ↓vs ASTRAL chip 25×25 um2        20%↓vs ALPIDE chip

R&D by CCNU, Shandong, Huazhong universities and IHEP 

Sensor size:
3-4 mm2

Session II: Qun OUYANG
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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

Session II: Qun OUYANG
CDR: Chapter 5

SIT links 
VTX with TPC

Barrel:   SET (Silicon External Tracker), r = ~1.8 m
Endcap: ETD (Endcap Tracking Detector), z = ~2.4 m

Between TPC and 
calorimeter {

Not much R&D
done so far
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TPC detector concept 

TPC detector R&D @IHEP (2016~2020)
Funding from MOST and NSFC (~3.5 Million RMB)

Electronics R&D @Tsinghua (2016~2020)
Funding from NSFC (~2.0 Million RMB)

Inhabitation of IBF using graphene @Shandong 
Univ. (2016~2019)

Manpower and activities

- 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

Session III: Huirong Qi
CDR: Chapter 5

• Allows for particle identification
• Low material budget
• 3 Tesla magnetic field —> reduces diffusion of drifting electrons 
• Position resolution: ~100 µm in rφ
• Systematics precision (<20 µm internal) 
• GEM and Micromegas as readout
• Problem: Ion Back Flow —> track distortion

Operation at L > 2 × 1034 cm-2 s-1 ?
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32 TRACKING SYSTEM

Figure 5.8: Schematic diagram of the detector module.

To fulfill the physics goals of the future circular collider, a TPC with excellent perfor-
mance is required. MPGDs with outstanding single-point accuracy and excellent multi-
track resolution are needed. We have proposed and investigated the performance of a
novel configuration detector module: a combination of GEM and a Micromegas. The de-
tector will be called GEM-MM for short throughout this paper. The aim of this study is
to suppress IBF continually by eliminating the gating grid. The design concept and some
preliminary results of the detector module are described as following.

Figure 5.9: Result of the IBF TPC detector module.

TPC readout with micro-pattern gaseous detectors (MPGDs) 
New: Micromegas + GEM

32 TRACKING SYSTEM

Figure 5.8: Schematic diagram of the detector module.

To fulfill the physics goals of the future circular collider, a TPC with excellent perfor-
mance is required. MPGDs with outstanding single-point accuracy and excellent multi-
track resolution are needed. We have proposed and investigated the performance of a
novel configuration detector module: a combination of GEM and a Micromegas. The de-
tector will be called GEM-MM for short throughout this paper. The aim of this study is
to suppress IBF continually by eliminating the gating grid. The design concept and some
preliminary results of the detector module are described as following.

Figure 5.9: Result of the IBF TPC detector module.
IBF: Ion Back Flow reduced to 0.1%

Indication that TPC operation would be feasible at high-luminosity Z factory



Drift Chamber Option
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%

Prototype being tested 

Session III: Franco Grancagnolo
CDR: Chapter 5

Follows design of the KLOE 
and MEG2 experiments 

Stereo angle: 50-250 mrad

• Length: 4 m
• Radius: 0.3- 2m
• Helium gas
• Material: aiming for 1% X0 

• Spatial resolution: < 100 μm
• dE/dx resolution: 2%
• Max drift time: 150 nsec
• Material: aiming for 1% X0 



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) 
HCAL with ThGEM/GEM and Stainless Steel  (IHEP + UCAS + USTC) 
HCAL with Scintillator+SiPM and Stainless Steel (IHEP) 

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

Session IV: Yunlong Zhang
Session IV: Boxiang Yu
CDR: Chapter 6
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Lead by Italian colleagues: based on the DREAM/RD52 collaboration 

Session IV: Roberto Ferrari
CDR: Chapter 6

102 CALORIMETRY

Figure 6.57: The DREAM calorimeter (top), built in 2003, and the RD52 prototypes, with copper
(middle) and lead (bottom), built in 2012.

copper modules, each module 9.3 ⇥ 9.3 ⇥ 250 cm3 (see Figure 6.57 for the mechanical
details, the first DREAM calorimeter built in 2003 is also shown on the top). From the
readout point of view, the calorimeter was arranged as in Figure 6.58.

6.4.4.1 Electromagnetic Performance

In Figure 6.59 the linearity of the response for both matrices is shown. The range of
measurement is different for the two (spanning 6-60 GeV for Cu and 60-150 GeV for Pb).
The deviations for the very first points (. 10 GeV ) are likely due to the spread of the
energy of the beam particles.

Figure 6.60 shows the radial shower profile and the sensivity to the impact point:
the core of the signal spans just few mm. Figure 6.61 shows the dependence of the S
signal on the impact point for particles entering parallel to the fibres. This introduces a
constant term in the resolution that can be avoided with a small tilt of the fibre axis. In
the C fibres, the problem doesn’t show up since the early (collimated) part of the shower
produces photons outside the numerical fibre aperture.

For the reconstruction of the energy of em showers, C and S signals provide inde-
pendent uncorrelated measurements, with different sensitivity of the response. They are
affected by different problems: S signals have a photo-electron statistics of at least one
order of magnitude higher than C signals, and their fluctuations are largely dominated by
the sampling fluctuation of the energy deposits. C signal fluctuations are generally dom-
inated by the limited photo-electron statistics, expecially at low energies. Nevertheless,
for C signals, the constant term is negligible giving a better resolution at high energies.
Averaging the two measures improves the resolution up to a factor of

p
2. Separate and

combined (unweighted) results for the copper matrix are shown in Figure 6.62 for 40 GeV
electrons.

106 CALORIMETRY

Figure 6.63: The energy resolution for electrons in the copper-fibre module (left) and in the lead-fibre
module (right), as a function of the beam energy. Shown are the results for the two types of fibres, and
for the combined signals. The angle of incidence of the beam particles (✓, �) was (1.5�

, 1.0�). The
size of the beam spot was 10⇥ 10 mm

2.

Figure 6.64: Signal distributions for 20 GeV ⇡
� particles. Shown are the measured Čerenkov (a) and

scintillation (b) signal distributions as well as the signal distribution obtained by combining the two
signals according to Equation 4, with � = 0.45 (c).

In Figure 6.63, the electromagnetic resolution is shown for the 2 matrices.

6.4.4.2 Hadronic Performance

The RD52 lead matrix response was studied with pion and proton beams [36]. High-
multiplicity events ("jets") were also generated by means of a target. The energy was
reconstructed with the dual-readout relation (Eq. 4), that restores a gaussian behaviour
and linearity of the response (Figure 6.64 and Figure 6.65).

The comparison of p and ⇡ signals at 80 GeV is shown in Figure 6.66, confirming
that the method largely compensates for the differences in shower composition.

The limited lateral size of the matrix (about 1 �) allows to collect, in average, ⇠ 90%

of the shower energy so that leakage fluctuations dominate the resolution capability. Leak-
age counters were used to select events about fully contained (that of course, tend to have
a higher fem). The resolution improves by a factor of almost 2 in this case (Figure 6.67).
A second effect affecting resolution is the light attenuation in the fibres, that causes early

Energy resolution for electrons 

Expected resolution:
Electrons: 10.5%/sqrt(E)

Isolated pions: 35%/sqrt(E)
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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 
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 

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

Session III: Liang Li
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New technology
proposal:
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
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ARBOR ALGORITHM & STRATEGY TO THE OBJECT RECONSTRUCTION 183

Figure 11.1: KL shower reconstructed by the Arbor algorithm, the branches � the calorimeter hit
clusters � are corresponding to the trajectories of charged particles generated in the shower cascade.
The interaction points could be clearly identified.
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Figure 11.2: Dummy Plots for the Hit collection efficiency.

performance, dedicated di-photon sample has been generated. Fig. 11.3 shows the re-
construction efficiency of these 2 photon events (characterized as successfully reconstruct
two photon with anticipated energy and positions). Defining the critical distance at which
50% of the event are successfully reconstructed, we observed that the critical distance is
roughly 2 times the cell size for cell size smaller than the Moliere radius.

Optimization based on 
particle flow oriented detector
and
full simulation Geant4

Some studies done with fast simulation

KL shower reconstructed by the Arbor algorithm 
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Detector optimization: Benchmark measurements
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30/3/2017  1

Benchmark measurements

ll vv qq Z boson
decay 

Final state

qq,
gg

ττ

WW, ZZ,
Zγ

Higgs 

μμ, γγ

Lepton & Momentum 
resolution: Br = 6.7%

Flavor Tagging & JER: 
Br = 14%

Composition of 
Jet/MET, lepton: Br = 4%

Jet Clustering: Br = 50%

Photon/ECAL: Br = 0.2%
Muon/Track: Br = 0.03%

qqH, H->inv. MET & NP: 
SM Br = 0.1%

EW, Br(tau->X) @ Z pole:
Separation

Results in CDR not fully updated for the 3 Tesla magnetic field and latest geometry 



Detector optimization
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Optimized (CDR) Comments

B Field 3 Tesla Required from beam emmitance

TPC radius 1.8 m Required by Br(H→μμ) measurement  

TOF 50 ps Pi-Kaon separation at Z pole

ECAL thickness 84 mm Optimized for Br(H->γγ) at 250 GeV

ECAL cell size 10 mm Maximum for EW measurements, better 5 mm 
but passive cooling needs 20 mm

ECAL num. layers 20 Depends on silicon sensor thickness

HCAL thickness 1 m

ECAL num. layers 40 Optimized for Higgs at 250 GeV



Optimization of TPC radius and B-field

2920/4/2017  3

Tracker Radius & B-Field: the
optimized value

● Detector cost is sensitive to tracker radius, however, I recommend TPC
radius >= 1.8m: 

– Better separation & JER

– Better dEdx

– Better (H->di muon)  
measurement

ATLAS 3ab-1

CMS 3ab-1

Default TPC Setting: B = 3 T & R
out

 = 1.8

BR(H→μμ) measurement



Final remarks
 Work towards the CEPC Detector CDR is well advanced 

 Two significantly different concepts are emerging 

 High-magnetic field: with TPC or full-silicon tracker 
 Low-magnetic field: with drift chamber and dual readout calorimeter 

 Significant amount of R&D on-going in China 

Vertex detector, TPC, calorimeters, magnets 

Still a lot of work to do, and newcomers are welcome 

 Colleagues from Italy heavily involved 

Drift chamber, dual readout calorimeter and muon chamber 

International collaborations expanding 

 INFN, SLAC, Iowa State Univ., Belgrade, LLR, IPNL, LC-TPC,… 

Preliminary CDR draft-0 to be released at parallel sessions 

CDR Password: cdr2018-0draft 
Participation either as an author or a reviewer is very much appreciated 

30

Expected final
release:

Spring 2018
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Ion Back Flow studies
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- 10 -

Requirements of  Ion Back Flow

Standard error propagation function

� Electron:
� Drift velocity ~6-8cm/us@200V/cm
� Mobility μ ~30-40000 cm2/(V.s)

� Ion:
� Mobility μ ~2 cm2/(V.s)
in  a “classical mixture” (Ar/Iso)

Evaluation of track distortions due to space charge 
effects of positive ions

Key prameters:
Neff=30/ Gain=5000 /T2K gas
Z pole run@1034

r=400mm  /k=IBF*Gain=5

Distortion of as a function of electron 
initial r position 

Manqi, Mingrui, Huirong

Simulation of Ion Back Flow
Z pole run @ L = 1034 cm-2s-1

Need IBF < 0.1%

Track distortions due to space charge effects of 
positive ions

- 17 -

IBF of  GEM-MM module

IBF values with the Ed and Et in the GEM-MM detetctot

� IBF of  the GEM-MM

� Electric field: 100V/cm and 500V/cm

� IBF value comparion

� Optimization of  Et = 100V/cm

� Ed/Et/Ed=2/1/5

� VGEM=340V and Vmesh=520V

� Total gain: 3000~4000 Schematic of  the Gain with MM

0
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1.2

0 500 1000 1500 2000 2500
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F(
%
)

Ed(V/cm)

Et=100V/cm

Et=500V/cm

Et

Ed

Micromegas + GEM

Simulation and preliminary tests
indicate this scheme can provide IBF ~ 0.1%

Simulation results to be published 
Experiments and module R&D will continue

Research supported by MOST and NSFC

International collaboration with Saclay and LCTPC


