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Committee proposed by CEPC IAC

Detector R&D Committee that reviews and endorses the Detector R&D proposals from the 
international community, such that the international participants could apply for funds 

from their funding agencies and make effective and sustained contributions.
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Committee proposed by CEPC IAC

Detector R&D Committee that reviews and endorses the Detector R&D proposals from the 
international community, such that the international participants could apply for funds 

from their funding agencies and make effective and sustained contributions.

Later, this committee is expected to evolve to  

evaluate the Letters of Intent for the CEPC Detectors 

submitted by the proponents of the International Detector Collaborations

(Expected timescale 2022-23)
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First meeting happened on Tuesday, Nov 19 
https://indico.ihep.ac.cn/event/10941/

Key tasks of this inaugural meeting were:  

 ●  To establish the remit and working mode of the panel  

 ●  To review the current catalogue of R&D activities  

 ●  To provide initial feedback to the project leadership on the shape and scale 
of the R&D programme, and on short-term priorities  

 ●  To identify further information the committee will need in the future. 

Organizational Meeting:



Highlights for discussion at IDRC Meeting
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https://indico.ihep.ac.cn/event/10941/
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• Requirements on sub-detectors should not be viewed in isolation, but increasingly in the 
context of studies of global detector performance, since there are strong interactions 
between sub-detector design choices. One example is the interplay between calorimetry, 
precision timing, and tracking in achieving the overall particle ID performance goals.  

• In light of the above, the requirements on, and potential of, the proposed precision timing 
detector should be determined as a matter of urgency.  

• A clear chain of argument, starting with physics requirements and culminating in detailed 
sub-detector specifications, should be maintained during the optimisation of the detector 
concepts. This will allow the impact of design changes to be assessed in terms of their 
effect on overall physics performance.  

• The requirements on the muon sub-detector should be clarified, specifying the minimum 
performance needed for the core physics programme, as well as desirable additional 
features to allow a wider range of physics. The justification for a stand-alone muon 
spectrometer should be carefully examined. 
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• Regardless of choices regarding a precision timing detector, a common timestamping 
strategy should be defined, capable of dealing with 25ns running at the Z pole.  

• There is no clear overarching trigger and readout strategy for the CEPC detectors. Decisions 
on architecture may have strong effects on the design of sub-detector electronics, and one 
or more clear options for triggering need to be rapidly established. The feasibility of 
operation in ‘triggerless mode’ should also be evaluated.  

• There are a number of overlapping proposals for calorimetry, with a wide range of cost and 
performance. A clear set of requirements and a path to a baseline design choice need to 
be established.  

• Global detector studies will require, at a minimum, a coherent and flexible fast simulation 
tool, capable of supporting parallel studies of several evolving integrated detector 
concepts. This should continue to be a priority in experiment software development, though 
it is also important to begin the process of designing the experiment data model and base 
software framework. It is likely that software tools are on the critical path for detector 
design. 
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•  The CEPC software suite builds upon common tools used for studies of several different 
machines. The strategy to continue co-development of common tools with other 
experiments is correct, and divergence between projects should be avoided in view of the 
limited available effort.  
  

•  The machine-detector interface and LumiCAL are complex and challenging aspects of the 
overall detector design. Close cooperation between accelerator and detector teams must 
be reinforced and maintained.  

•  In general, the process of transition from generic R&D to concrete optimised CEPC detector 
designs is not yet fully mapped out. Adherence to an aggressive overall project plan will 
require this process to be understood in the coming year, and for a clear strategy for 
optimisation and technology selection criteria to be defined well in advance of the 
collaboration-building stage.  

•  A wide-ranging R&D programme should be maintained for the time being, though with the 
recognition that not all concepts under development will be mature on the time scale 
dictated by the overall CEPC schedule. 
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1. The project leadership and IDRC should assemble a coherent list of R&D activities, 
such that the presence of gaps and overlaps can be determined and addressed 

2. Each current R&D project should provide, before the end of 2019, key information to 
the IDRC: 
•The objectives of the project 
•The anticipated schedule on which the objectives will be met 
•The funding available to the project, and the leadership arrangements within it 
•The extent to which the project is a CEPC-specific development 

3. As a step in the transition from R&D to detector choices and TDRs, the project should 
aim to complete an update to the CDR within 12-18 months. This should take into 
account machine parameter changes, any new or modified physics requirements, 
and the availability of new sub-detector systems. This process should happen in 
parallel with sub-system R&D, and form the focal point for global detector 
optimisation studies
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4. A conservative full-detector concept, potentially deliverable on an aggressive time 
scale, should be specified by the CEPC Management and adopted as the baseline for 
the CDR update. This should then act as a comparator for alternative concepts, that can 
fit within a less aggressive schedule, with a different balance of risk, cost and 
performance 

5. A set of short-term requirements on simulation and reconstruction tools should be 
established, serving the needs of detector optimisation studies, and informing the plans 
for software and data management development in the pre-TDR period 

6. Ways to increase the rate of progress should be found for certain R&D areas, such that 
they do not hold up the overall detector design process. These include: 

• The precision timing detector 
• The trigger and readout strategy 
• The machine-detector interface and LumiCal 

7. Sufficient time should be allocated during CEPC workshops for IDRC discussions, not 
conflicting with other events requiring the attendance of project leadership or IDRC 
members 
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CEPC International Advisory Committee
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Committee met on Thursday and Friday 
last week



Recommendations
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MDI Recommendations:
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Detector Recommendations:
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Detector Recommendations:
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Detector Recommendations:
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Detector Recommendations:
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Other General Recommendations:
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Some, important near future steps:
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Detector Technical Design Report (TDR)
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The Detector Technical Design Report (TDR) is not of the responsibility of the 
current CEPC Working Group

This is to be taken by the International Collaborations  
that will be formed circa 2022-23

Our job is to promote detector R&D in key technologies applicable to 
circular e+e- collisions: 

- Taking into account the CEPC timescale 
- Keeping an open mind to more challenging emerging technologies 



Updated Parameters of Collider Ring since CDR
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 Higgs Z（2T）
CDR Updated CDR Updated

Beam energy (GeV) 120 - 45.5 -
Synchrotron radiation loss/turn (GeV) 1.73 1.68 0.036 -
Piwinski angle 2.58 3.78 23.8 33

Number of particles/bunch Ne (1010) 15.0 17 8.0 15

Bunch number (bunch spacing) 242 (0.68µs) 218 (0.68µs) 12000 15000

Beam current (mA) 17.4 17.8 461.0 1081.4
Synchrotron radiation power /beam (MW) 30 - 16.5 38.6

Cell number/cavity 2 - 2 1

β function at IP βx* / βy* (m) 0.36/0.0015 0.33/0.001 0.2/0.001 -

Emittance εx/εy (nm) 1.21/0.0031 0.89/0.0018 0.18/0.0016 -

Beam size at IP σx /σy (µm) 20.9/0.068 17.1/0.042 6.0/0.04 -

Bunch length σz (mm) 3.26 3.93 8.5 11.8

Lifetime (hour) 0.67 0.22 2.1 1.8

Luminosity/IP L (1034 cm-2s-1) 2.93 5.2 32.1 101.6

× 1.8Luminosity increase factor: × 3.2

These possible luminosity increases 
have not yet been absorbed into 

physics and detector studies



Re-evaluation of physics requirements
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128 EXPERIMENTAL CONDITIONS, PHYSICS REQUIREMENTS AND DETECTOR CONCEPTS

Physics
Measurands

Detector Performance
process subsystem requirement

ZH, Z ! e
+
e
�

, µ
+
µ

�
mH , �(ZH)

Tracker
�(1/pT ) =

H ! µ
+
µ

� BR(H ! µ
+
µ

�) 2 ⇥ 10�5
�

0.001
p(GeV) sin3/2 ✓

H ! bb̄/cc̄/gg BR(H ! bb̄/cc̄/gg) Vertex
�r� =

5 �
10

p(GeV)⇥sin3/2 ✓
( µm)

H ! qq̄, WW
⇤
, ZZ

⇤ BR(H ! qq̄, WW
⇤
, ZZ

⇤)
ECAL �

jet
E

/E =

HCAL 3 ⇠ 4% at 100 GeV

H ! �� BR(H ! ��) ECAL
�E/E =
0.20p

E(GeV)
� 0.01

Table 3.3: Physics processes and key observables used as benchmarks for setting the requirements and
the optimization of the CEPC detector.

Charged kaon identification: For the inclusive Z ! qq̄ sample at
p

s = 91.2 GeV, the
charged kaon identification should have both the efficiency and purity higher than
90%.

Photon identification and energy measurement: The photon energy should be measured
to a precision better than 20%/

p
E�1%. Photons should be identified from ⇡0’s with

an efficiency and purity higher than 95% in the Z ! ⌧+⌧� event sample at the CEPC
Z factory operation.

Jet and missing energy: Benchmarked with the separation of massive SM bosons (W ,
Z, and Higgs boson) and the BR(H ! invisible) measurements, a BMR better than
4% is identified.

Flavor tagging: Benchmarked with the Z ! qq̄ sample at
p

s = 91.2 GeV, the efficiency
and purity are both required to be above 80% for the b-jet tagging and above 60% for
the c-jet tagging.

Most of the above-mentioned requirements are driven by the precision Higgs physics
program. Some examples are shown in Table 3.3. However, these requirements also
apply to the precise EW measurements as the W and Z bosons decay into similar physics
objects.

3.3 DETECTOR CONCEPTS

To address the physics requirements of the CEPC, a baseline and an alternative detector
concepts are introduced. A variant baseline option with a different tracker is also pro-
posed.

The baseline concept was developed from the ILD concept [2, 3], optimized for the
CEPC collision environment. It employs an ultra high granular calorimetry system to
efficiently separate the final state particle showers, a low material tracking system to min-
imize the interaction of the final state particles in the tracking material, and a large volume

under discussion → started at this meeting → aim at workshop in Hong Kong



Software and Reconstruction algorithms
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Developing a Common Software Stack (Key4HEP)

EDM4hep, PLCIO

CEPCSW prototype has been developed using Gaudi, DD4hep, Geant4 and PLCIO 

Workshop in Bologna (June 12-13) (FCC, CEPC, ILC) kicked-off collaboration:  
https://agenda.infn.it/event/19047/

Vertex tracking ported to new framework



Optimization of detectors

• Use a mixture of fast simulation and full simulation 
• Need to consider engineering aspects (if we are going to be ready for TDR 

in such short timescale) 
• Need to consider costing issues
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Not an easy task without definite detectors/collaborations target

Work needs to be shared and coordinated at common  
Detector Plenary Meeting

Aiming for a document sometime before collaborations are proposed is reasonable

First, integrate better detector and physics performance people to study different options



Some key R&D topics moving forward
• Machine Detector Interface 
• Luminosity meter (LumiCal) 
• Silicon Vertex (material budget versus resolution versus cooling) 

• Services design and integration

27



Some key R&D topics
• Machine Detector Interface 
• Luminosity meter (LumiCal) 
• Silicon Vertex (material budget versus resolution versus cooling) 

• Services design and integration 
• Tracker 

• Time Projection Chamber 
• Ion back flow and field distortion is a major problem to operate at the Z pole and 2 Tesla 

• Drift Chamber 
• Can it cope with the high rates at the Z pole? Enough resolution? 

• Full silicon tracker → need manpower increase to exploit this option 
• Are we adding too much material? 
• What about particle identification? Does it really matter?

28

Transparency <—> reliability/resolution



Some key R&D topics
• Machine Detector Interface 
• Luminosity meter (LumiCal) 
• Silicon Vertex (material budget versus resolution versus cooling) 

• Services design and integration 
• Tracker 

• Time Projection Chamber 
• Ion back flow and field distortion is a major problem to operate at the Z pole and 2 Tesla 

• Drift Chamber 
• Can it cope with the high rates at the Z pole? Enough resolution? 

• Full silicon tracker → need manpower increase to exploit this option 
• Are we adding too much material? 
• What about particle identification? Does it really matter? 

• Need a decision on 3 Tesla solenoid soon 
• Trade-off of luminosity versus resolution and particle identification needed  
• Can the same physics goals be achieved some other way?
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Transparency <—> reliability/resolution



Some key R&D topics
• Calorimetry 

• ECAL, HCAL, DR 
• Cost versus physics performance 
• Cooling of PFA calorimeter? versus performance? 
• PFA ECAL photon resolution rather poor 

• Do we need to improve it for physics purposes? 
• Does it make sense to pay for such expensive detector with poor photon resolution 

• DR: Timescale for large prototype?
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Some key R&D topics
• Calorimetry 

• ECAL, HCAL, DR 
• Cost versus physics performance 
• Cooling of PFA calorimeter? versus performance? 
• PFA ECAL photon resolution rather poor 

• Do we need to improve it for physics purposes? 
• Does it make sense to pay for such expensive detector with poor photon resolution 

• DR: Timescale for large prototype? 

• Muon system optimization 
• Why so many muon layers? 
• What do we really need?
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ATLAS Detector Involvement
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Institutions
ITK Pixel 65
ITK Strip 62

Muon 60
Tile Calorimeter 34
LAr Calorimeter 29

Trigger/DAQ 101
New Small Wheel 59

HGTD 18

Number of institutions involved in Phase II Upgrades in ATLAS

Expanding the collaboration is essential!!



140 TRACKING SYSTEM

Figure 4.1: Preliminary layout of the tracking system of the CEPC baseline detector concept. The
Time Projection Chamber (TPC) is embedded in a Silicon Tracker. Colored lines represent the posi-
tions of the silicon detector layers: red lines for the Vertex Detector (VTX) layers; orange lines for
the Silicon Inner Tracker (SIT) and Silicon External Tracker (SET) components of the silicon tracker;
gray-blue lines for the Forward Tracking Detector (FTD) and Endcap Tracking Detector (ETD) com-
ponents of the silicon tracker. The cyan lines represent the beam pipe, and the dashed red line shows
the beam line position with the beam crossing angle of 16.5 mrad. The ETD line is a dashed line
because it is not currently in the full simulation. The radial dimension scale is broken above 350 mm
for display convenience.

Tracker Detector - PFA Detector

Pixels

Tracker material 
budget/layer:  

~0.50-0.65% X/X0

25 cm

12 cm Total Silicon area ~ 68 m2

1. Microstrip sensors
    double layers:

stereo angle: 5o-7o

    strip pitch: 50 μm

2. Large CMOS pixel                       
sensors (CPS)

Sensor technology

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

Required resolution
σSP < 7 μm 

Extensive opportunities for international participation

HV-CMOS research  
on-going: 
SUPIX-1 / -2 sensor 
prototypes



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  


