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Detector R&D Tasks Arrangement
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Sub-group conveners and other  
detector R&D proponents were asked to 

compile documents with required information 

1. 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, key information: 
• 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
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Word document template:
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Preliminary Documents:
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13 preliminary documents so far
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1) Collect missing documents within a month

2) Compile into one single document 
and  

provide to detector R&D committee by end of April  

3) Discuss with committee next steps,  
including proposal submission procedure  



International Advisory Committee Recommendations
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High-level Recommendations:
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Working group led by Xinchou with the help of Jianchun established 
Report at this meeting

 4 

 
The IAC acknowledges that any significant international contributions could only be planned after the 
Chinese government approves the CEPC.  Only at that time can serious negotiations with other 
countries be commenced. 
 
Recommendation 5: Further emphasize to the government the role and the nature of the 
expected international contributions, underscoring the impact that these contributions will have not 
just on the financing of the project, but on the returns in terms of knowledge transfer to China, at the 
level of science and technology.   
 
The IAC was shown budget breakdowns suggesting 4B CNY of international contribution compared 
with 32B CNY of Chinese funding, thus representing 11% of the project cost. International 
contributions to the CERN LHC and HL-LHC at the level of ~10% represent a precedent for such cost 
sharing. Some critical accelerator and detector components might need a second supplier to mitigate 
risks and to reduce the cost. If these suppliers are foreign companies, this could provide opportunities 
for international in-kind contributions. The IAC highlighted the problem of synchronizing potential 
international contributions with the approval process of the CEPC project.  
 
Good progress has been made in developing strong participation of the national high energy physics 
community in the CEPC. This is crucial to convince the Chinese government that they should proceed 
with the CEPC. It is important for proponents of the CEPC to reach out to the broader scientific 
community to place the project and its benefits in the broader scientific context. The CEPC 
community/management should present to the Chinese government the societal benefits of pushing 
technologies together with the international partners, as well as a high educational value for young 
scientists and engineers. 
 
Recommendation 6: Continue to further strengthen involvement of Chinese university groups in the 
CEPC and increase awareness within the broader community of the benefits of the project. 
 
The CEPC community is developing institutional representation; the IAC recognizes this need. 
 
Recommendation 7: Encourage the CEPC detector community to establish an institutional 
representative group to interact with the CEPC management and funding agencies and to produce the 
charter of the group. 
 
3. Is the accelerator TDR on track? What should be improved and how to achieve the 

improvement?  
 
The IAC was pleased to see the advancements on the work performed up to now toward the TDR. The 
quality of the work performed, how most important issues were addressed, even if not already solved, 
and the design work on-going to increase the luminosity performances at Higgs and Z were highly 
appreciated.  
  
Several improvements on the design parameters over the CDR have been presented including: 

• higher luminosity at H (5.2 x 1034 vs 2.9 x 1034) 
• “High-Lumi” for Z (102 x 1034 vs 32 x 1034) 
• assuring compatibility for top-pair production at the appropriate energy (~365 GeV) 
• higher energy injection into the booster with a longer linac 



Detector Recommendations:

9

Overall observation



Detector Recommendations:
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IDRC



Detector Recommendations:
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INTEGRATION ENGINEERS: 
FU Jinyu: Vertex supports, low-mass design, heat dissipation 
JI Quan: MDI enginnering studies 

Interaction has started and it is essential 
More engineering expertise is welcome



Detector Recommendations:
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TPC and Solenoid

IDEA



Detector Recommendations:
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TPC and Solenoid

IDEA

TPC: 
Plan to be presented by Huirong today 
Considering a Pixel-TPC with lower IBF 
Several studies and international meeting for 2020 
R&D strongly linked to MOST1 project  

Solenoid Yoke: 
Design on-going 
To be addressed more broadly next month

IDEA: 
Full size prototype being planned (see R&D documents) 
Need follow up for better integration of IDEA in common simulation



Detector Recommendations:
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Detector optimization

IDRC



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
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These possible luminosity increases have not yet been 
absorbed into physics and detector studies 

1) Need a clear documentation from accelerator about 
modifications 

2) Will study each detector regarding limitations brought 
by this luminosity increase                               
Examples:  

1) TPC operation 
2) Triggerless operation and vertex chip 

design including power consumption



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

Physics
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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 → workshop in Hong Kong → need more aggressive follow up

Perfomance Highlights: 
- Demonstrate TPC operation at high rates 
- Demonstrate 2T versus 3T magnet impact 
- Flavor physics case at Z pole 
- Assess need for PID and added value of dE/dX in tracker 
- Assess added value for Muon System and required layers  
- Optimize luminosity measurement (LumiCal) 
- Assess trigger and readout strategy (IDRC)



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 to be shared and coordinated at common  
Detector Plenary Meeting

Aiming for a document summarizing work  
sometime before collaborations are proposed (end of 2021) is reasonable

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

TPC-based   /   Full Silicon Tracker   /   IDEA 



Other General Recommendations:
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Documentation

Discussed at Steering Group on Dec 30. First steps defined, but it needs follow up.



Extra Slides
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CEPC International Detector R&D Committee (IDRC)

21

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.



CEPC International Detector R&D Committee (IDRC)
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Dave Newbold, UK, RAL (chair) 
Jim Brau, USA, Oregon 
Brian Foster, UK, Oxford 
Liang Han, China, USTC 

Andreas Schopper, CERN, CERN 
Steinar Stapnes, CERN, CERN 

Hitoshi Yamamoto, Japan, Tohoku

Valter Bonvicini, Italy, Trieste 
Ariella Cattai, CERN, CERN 

Cristinel Diaconu, France, Marseille 
Abe Seiden, USA, UCSC 

Laurent Serin, France, LAL 
Roberto Tenchini, Italy, INFN 

Ivan Villa Alvarez, Spain, Santader

Harvey Newman, USA, Caltech 
Marcel Stanitzki, Germany, DESY

In Beijing By Vidyo

Excused from first meeting

Committee: 16 members



CEPC International Detector R&D Committee (IDRC)
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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 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:



IDRC Recommendations:
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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

•Manpower resources available for the project, including type (student, faculty, 
engineer, etc) and FTE 

We added:



IDRC Recommendations:
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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 

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



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

6. Find 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 



CEPC Project Timeline
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NowCEPC
20

15

20
20

20
25

20
30

20
35

Pre-studies 
(2013-2015)

Data taking 
(2030-2040)

Construction 
(2022-2030)

20
22

Key Technology R&D 
Engineering Design 

(2016-2021)

Big Science 
Cultivation

Government 
approval

20
23

Decision on detectors 
and release of TDRs

International 
Collaborations 

formed



Findings
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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. 



Findings
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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. 



Findings
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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. 



Highlights for discussion at IDRC Meeting
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https://indico.ihep.ac.cn/event/10941/



CEPC International Advisory Committee
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Committee met on Thursday and Friday 
last week


