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Detector R&D Tasks Arrangement

1 - Vertex
2 - Tracker 1. Assemble a coherent list of R&D activities, such that the presence
21 -TPC of gaps and overlaps can be determined and addressed

2.2 - Silicon Tracker

2.3 - Drift Chamber 2. Each current R&D project should provide, key information:
3 . Calorimet * The objectives of the project
- alorimeter * The anticipated schedule on which the objectives will be met

3.1 - ECAL Calorimeter * The funding available to the project, and the leadership

3.2 - HCAL Calorimeter -qTrI:qengxeiemnei?:: vv::ilz:lrl: ;Le project is a CEPC-specific development
3.3 - DR Calorimeter

4 - Muon Detector

5 - Solenoid

6 - MDI

7 - TDAQ

8 - Software and Computing




Detector R&D Tasks Arrangement

1 - Vertex wh 1-Ouyang-IDRC._info_vertex_collected.docx
2 - Tracker wh 1.1-RD-Vertex-Prototype
21 .-TPC wh 2.1-RD-Tracker-TPC-v1.docx

wh 2.2-RD-Tracker-SiliconTracker-Prototype-v1.docx
wh 2.3-RD-Tracker-DriftChamber-v1.docx
wh 3.1.1-RD-ECAL-Crystal_Calorimeter-v1.1.docx

2.2 - Silicon Tracker
2.3 - Drift Chamber

3 - Calorimeter M 3.2-RD-HCAL-PFA-DHCAL-v0.docx

3.1 - ECAL Calorimeter wh 3.3-RD-calorimetry-dual-readout-calorimeter-v1.docx
3.2 - HCAL Calorimeter wh 4.1-RD_Muon_Scintillator-v1.docx

3.3 - DR Calorimeter wh 4.2-RD-muRwell-detectors.docx

4 - Muon Detector wh 5.1-RD-LTS-solenoid-magnet.docx

5 - Solenoid wh 5.2-RD-HTS-solenoid-magnet.docx

6 - MDI wh 6.1-RD-MDI-LumiCal-prototype-v1.docx

7 - IDAQ WA 6.2-RD-MDI-Mechanics.docx

8 - Software and Computing



Word document template:

CEPC Detector R&D Project
1.1 Vertex Prototype

Document Responsible: Joao Guimaraes da Costa
Last saved by on 12/13/19 5:19:00 AM

Revision number:

m What changed and wh
12/12/2015

< Add further lines to table as required >

Readme first

i. Please do not delete or modify this section or its structure.
ii. Only change text enclosed by (and including) angled brackets “<
iii. Don’t change field directly, instead modify the document options, under File> Properties (or
similar)
o Enter name of person that wrote the document in Document:Summary: Author
o The project ID number, should follow the rules provided to you earlier. The number

should be changed in Document;Custom: PBS.

o The project name should be changed in Document;Summary: Subject.
iv. In Section Project Objectives provide a brief description of the project goals, i.e. why and what

is being produced, for PBS item 1.1 Vertex Prototype. If this project includes identifiable sub-

projects you can indicate them in the Sub-projects Description Section, otherwise submit a
separate document for each of them. The sub-project IDs are free for you to define.

. Finally, remember to update the Change History.




Preliminary Documents:

CEPC Detector R&D Project

2.1 TPC Module and Prototype

Document Responsible:

Last saved by on 12/18/19 6:40:00 AM

CEPC Detector R&D Project
3.3 Dual-readout Calorimeter

Document Responsible:
Last saved by Roberto Ferrarion | 17/12/19 08:00:00 PM

Revision number

CEPC Detector R&D Project
5.1 LTS solenoid magnet

Document Responsible:
Last saved by on 12/18/19 1:40:00 AM

13 preliminary documents so far

CEPC Detector R&D Project
2.2 Silicon Tracker Prototype

Document Responsible: Harald Fox, Meng Wang
Last saved by on 12/29/19 10:42:00 AM

Revision number:

CEPC Detector R&D Project
4.1 Scintillator-based Muon Detector
Prototype

Document Responsible: Xiaolong Wang, Liang Li
Last saved by on 12/18/19 3:15:00 AM
Revision number:

CEPC Detector R&D Project
5.2 HTS solenoid magnet

Last saved by on 12/18/19 1:41:00 AM

Revision number

Document Responsible:

CEPC Detector R&D Project
3.1.1 Crystal Calorimeter

Document Responsible:
Last saved by Yong Liu on 12/30/19 5:56:00 AM

Revision number

CEPC Detector R&D Project
4.2 muRWell detectors

Document Responsible: Paolo Giacomelli

Last saved by Joao Guimaraes da
12/30/19 12:23:00 AM

Revision number:

CEPC Detector R&D Project
6.2 Interaction Region Mechanics

Document Responsible: Microsoft Office User
12/18/19 11:08:00 AM




Plan:

1 - Vertex

2 - Tracker

2.1 - TPC

2.2 - Silicon Tracker
2.3 - Drift Chamber

3 - Calorimeter

3.1 - ECAL Calorimeter
3.2 - HCAL Calorimeter
3.3 - DR Calorimeter

4 - Muon Detector

5 - Solenoid

6 - MDI

/7 - TDAQ

8 - Software and Computing

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



High-level Recommendations:

The CEPC community 1s 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.

The machine-detector interface is a complex and challenging aspect of the overall accelerator
and detector design. For instance, the 2T/3T choice of the detector solenoid requires a speedy

resolution. The length of the solenoid iron yoke is another crucial parameter. Close coordination
and communication between accelerator and detector teams are crucial and will be even more

important to finalize the TDR.

Recommendation 13: Set up a high-level executive working group between accelerator and
detector teams to define a workable scenario for the machine-detector-interface area.

Working group led by Xinchou with the help of Jianchun established

Report at this meeting



Detector Recommendations:

Overall observation

4. Is the overall detector R&D, and design enhancement on track? What should be
improved and how to achieve the improvement?

The detector technology R&D is reasonably well on track on several fronts and well in line with

the current overall stage of the CEPC project. The IAC supports the notion of a baseline detector
as it allows key aspects (e.g. impact of background on the detector, relation between detector

performance features and physics capabilities) to be studied. The baseline detector also serves
as a general basis for studying the CEPC physics potential. It allows all processed physics and
background samples to be produced in a single detector and software version, thereby making

efficient use of computing resources. This does not imply that this baseline corresponds to a
detector that will be proposed for construction.



Detector Recommendations:

Among the detector optimization and detector R&D activities, a few items were flagged as critical
and should be tackled with high priority:

Recommendation 15:

e [Engage engineering expertise to assess various engineering aspects of the detector options

under study (supports, low mass aspects of the vertex and tracking detectors, heat dissipation
and integration of cooling, low-mass services and service routing, influence of the magnetic

field on the design, etc.). Engineering expertise helps also to enhance the credibility of the
cost estimates.
e Reinforce detector studies in the forward region at the interface of the accelerator. Optimize

the luminosity measurement, compatible with expected statistical errors on the physics,
through optimal design, integration and alignment of LumiCal. Perform advanced engineering

studies on the overall design of the complex forward MDI region, taking all constraints into
account.




Detector Recommendations:

Among the detector optimization and detector R&D activities, a few items were flagged as critical
and should be tackled with high priority:

Recommendation 15:

e [Engage engineering expertise to assess various engineering aspects of the detector options

under study (supports, low mass aspects of the vertex and tracking detectors, heat dissipation
and integration of cooling, low-mass services and service routing, influence of the magnetic

field on the design, etc.). Engineering expertise helps also to enhance the credibility of the
cost estimates.
e Reinforce detector studies in the forward region at the interface of the accelerator. Optimize

GV INTEGRATION ENGINEERS: on the physics,
ylgellelsleli FU Jinyu: Vertex supports, low-mass design, heat dissipation [EeleRellellslzEldlsle

SRl J| Quan: MDI enginnering studies constraints into
account.

Interaction has started and it is essential

More engineering expertise is welcome



Detector Recommendations:

TPC and Solenoid

Study whether the TPC is compatible with the high rates expected for operation at the Z-peak,
including ion backflow, electronics readout and DAQ schemes.

e Study the impact of the choice of the solenoid field (2T or 31) at all foreseen CEPC center-of-
mass energies. Draw conclusions on the detector design and performance (in particular the

TPC), taking the impact on the beams and the CEPC luminosity performance into account.
Preferably make a final choice of the recommended magnetic field for both CEPC detectors

at the earliest possible time.

e (Continue to pursue studies of the solenoid yoke in view of magnetic stray fields and their
influence on the booster beams and on other surrounding equipment.

IDEA

Reinforce efforts towards an engineernng design of the IDEA detector (including engineering
details of the dual readout calorimeter) and implement the corresponding design in the event

simulation and reconstruction software.




Detector Recommendations:

TPC and Solenoid

Study whether the TPC is compatible wikses |
including ion backflow, electronics readlglSltR{eReI-Nel{=2{-Tq){-Te R}"Ay V]| {eTg[e | {eTo[e}Y

Study the impact of the choice of the sok®eUN e[Syl RNV SR I JORVI W NV gl
mass energies. Draw conclusions on tRNRQYEIRU [ RelileRIsi(falelilelsle | Nag X[ B (o] @rdepLs

TPC), taking the impact on the beams 30K i{ela [ \VAI[ UGl B (N, (02§ W eI {e][=Teos
Preferably make a final choice of the re

at the earliest possible time. Solenoid Yoke:
Continue to pursue_studies of the solgal=¥3{e]sRe]slele1[1]le

influence on the booster beams and ong fel e Y-Wele o[ =331-3e 11l =R e 1o Ls N AI=> SMa L1111

IDEA

Reinforce efforts fovilslF:%

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

13



Detector Recommendations:

Detector optimization

Other recommended detector and physics studies:
Recommendation 16:

e Perform detailed simulation studies to better understand the physics needs from the detector
at the various CEPC energy stages,; draw consequences about the corresponding detector
performance requirements (e.qg. photon resolution, jet resolution, added value of PID) and
study how this influences the detector design.

e Study the physics case for performing flavor physics including the tau lepton at the Z-peak.
Draw conclusions on a possible impact on the detector design.

e Given that time-of-flight detectors with a time resolution in the 30-50 ps are becoming
avallable, study their potential added value for a CEPC detector by assessing a few key

physics benchmarks.
e Assess the added value of dE/dx capabilities in the tracker.

e Assess the added value of the muon detector system. As a result, define the number of muon
detection layers to include, together with their required performance.




Updated Parameters of Collider Ring since CDR

- em 7 Updated . ook Updated
. IR S R TR B
Synchrotron radiation loss/turn (GeV) 1.73 : 1.68 E 0.036 E : E
Piwinskiangle 2.58 E 3.78 : 23.8 : 33 E
BURchnUmber(BURCASpacing) W 242 (0.68ys) = 218 (0.68ps) - 12000 E 15000 E
Beam current(mA) 17.4 E 17.8 E 461.0 E 1081.4 E
Synchrotron radiation power /beam (MW) 30 : : : 16.5 : 38.6 :
Cell numbericavity 2 5 ' 5 : 5 1 5
B function atIP B2 1B, (m) " 0.36/0.0015 0.33/0.001 0.2/0.001 :
Emittance &/, (hm)  121/0.0031  :  0.89/0.0018  :  0.18/0.0016 - : E
_ 20.9/0.068 17.1/0.042 6.0/0.04 :
Bunchlength o, (mm) 3.26 E 3.93 E 8.5 E 11.8 E
Luminosity/lP L (10%cm2s) 2.93 B2 32.1 016

Luminosity increase factor:

X
—
oo



Updated Parameters of Collider Ring since CDR

These possible luminosity increases have not yet been

absorbed into physics and detector studies l

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 includu)__g_j power consumption

Luminosity increase factor:

X 3.2



Re-evaluation of physics requirements

Physics Detector Performance
Measurands )
process subsystem requirement
ZH,Z —eTe ,utu~ ,o(ZH A(l =
’ € CHHH s O ) Tracker (1/pr)

H— utp~ BR(H — p*p™) 2x107° & p(Gegf.)Ogii“o’/Q 0

Urgb =

0@ p(GeV)1><Osin3/2 0 ( “m)

H — bb/cé/gg BR(H — bb/cé/gg) Vertex

ECAL A =
HCAL 3 ~ 4% at 100 GeV

H — qq, WW*, ZZ* BR(H — qq, WW*, ZZ*)

AE/E =
020 _ ¢0.01

\/ E(GeV)

H — vy BR(H — ~v) ECAL

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

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,



Other General Recommendations:

Documentation

In addition to the above, the |AC recommends that further improvements in the structuring of the

CEPC detector and physics study be implemented. In this context, the IAC makes the following
suggestions:
Recommendation 17:

e Set up a logical structure in Indico for specialized meetings (e.q. for specific sub-detectors,
software development, detector design and engineering, physics studies, etc.). Sc [e
reqular meetings among experts.

e Set up a system of internal technical notes, as well as a corresponding internal reviewing
process.

e Set up a system for reviewing/rehearsing public CEPC presentations.

e Set up a (simple) structured public web page / work space where links to working groups,
meeftings, technical documents, software documentation, public presentations etc. can be

found. Include instructions for joining the corresponding mailing lists.

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



Extra Slides




CEPC International Detector R&D Commitiee (IDRC)




CEPC International Detector R&D Commiitee (IDRC)

Committee: 16 members

In Beijing By Vidyo
Dave Newbold, UK, RAL (chair) Valter Bonvicini, ltaly, Trieste
Jim Brau, USA, Oregon Ariella Cattai, CERN, CERN
Brian Foster, UK, Oxford Cristinel Diaconu, France, Marseille
Liang Han, China, USTC Abe Seiden, USA, UCSC
Andreas Schopper, CERN, CERN Laurent Serin, France, LAL
Steinar Stapnes, CERN, CERN Roberto Tenchini, ltaly, INFN
Hitoshi Yamamoto, Japan, Tohoku Ivan Villa Alvarez, Spain, Santader

Excused from first meeting

Harvey Newman, USA, Caltech
Marcel Stanitzki, Germany, DESY
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CEPC International Detector R&D Commitiee (IDRC)

First meeting happened on Tuesday, Nov 19
hitps://indico.ihep.ac.cn/event/10941/




IDRC Recommendations:

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

We added:

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

24



IDRC Recommendations:

3. As a step in the transition from R&D to detector choices and TDRs, the project should
aim o 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

25



IDRC Recommendations:

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 fiming 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

26



CEPC Project Timeline

CEPC Government
approval
L0 - L0 -
— N N M
- - - -
N N N N
Pre-studies KEey TeChI:IO|O§Y B&D Construction
- ngineering besign
(2013-2015) 9(2016_ 291021) 9 (2022-2030)
Big Science
Cultivation
AN ™
AN «
o O
AN «

International Decision on detectors
Collaborations and release of TDRs
formed
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Findings

» 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

specirometer should be carefully examined.

28



Findings

- 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.

29



Findings

- The CEPC sofiware svite 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 fransition from generic R&D 1o 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.

30



Highlights for discussion at IDRC Meeting

) il aoan am - e p— = 2nlbas ™\
Hadronic Calorimetry >

Machine Detector Interface 5’
Speaker: Dr. Hongbo ZHU (IHEP)

Material:  slides : )

Speakers: Haiun Yang (Shanghai Jiao Tong University), Dr. Jianbei Liu (University of Science and
Technology of China)
s —
, , Slides '] ~
Luminometer 5
Speaker: Suen Hou (FE&EFR)

Material:  slides : & | )

™~

Dual Readout Calorimeter 5
Speakers: Dr. gabriella gaudio (INFN-PV), Franco Bedeschi (INFN-Pisa), Prof. Sehwook L
(Kyungpook National University)

Matenal: Slides ™)

(40
)0

Silicon vertex detector 5°
Speakers: Prof. Qun OUYANG (IHEP), Prof. Zhijun Liang (IHEP)

Material: Slides ] T

Solenoid Magnet 5°
Speaker: Dr. Feipeng NING (IHEP)
Material:  Slides 1))

Silicon tracker 5'
Speakers: Prof. Meng Wang (Shandong University), Dr. Hongbo ZHU (IHEP)

Material: Slides : k]

Time Projection Chamber 5
Speaker: Dr. Huirong Qi (Institute of High Energy Physics, CAS)

Material:  slides : )

Paolo Glacomelli {(INFN-Bo)
Material:  Slides T

Drift Chamber 5'
Speakers: Franco Grancagnolo, Franco Bedeschi (INFN-Pisa)

Material: Slides T

speaker: Dr. Weidong Li { BiREAT)

-—

Material: Slides &)

ol

Irigger and DAQ 5
Speakers: Mr. Jingzhou ZHAO Jingzhou (E#EET), Prof. Zhen An LIU Zhenan (IHEP)

Material: Slides /]

Electromagnetic Calorimetry 5’
Speakers: Dr. Yong Liu (Institute of High Energy Physics), Dr. Jianbei Liu (University of Science and
Technology of China)

Material: Slides ) ~

hitps://indico.ihep.ac.cn/event/10941/



CEPC International Advisory Committee

Young-Kee Kim (Chair), University of Chicago
Barry Barish, Caltech
Hesheng Chen, IHEP

Michel Davier, LAL . .
Brian Foster, DESY/U. Hamburg Committiee met on Thursday and Friday

Rohini Godbole, CHEP, Bangalore last week
David Gross, UC Santa Barbara

George Hou, Taiwan U.

Peter Jenni, CERN & Albert-Ludwigs-University Freiburg
Eugene Levichev, BINP

Lucie Linssen , CERN

Joe Lykken, Fermilab

Luciano Maiani, U. Rome

Michelangelo Mangano, CERN

Hitoshi Murayama, IPMU/UC Berkeley

Tatsuya Nakada, EPFL

Katsunobu Oide, KEK

Robert Palmer, BNL

John Seeman, SLAC

Ian Shipsey, Oxford

Steinar Stapnes, CERN

Geoffrey Tayler, U. Melbourne

Henry Tye, IAS, HKUST

Hendrik J. (Harry) Weerts, ANL
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