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Talks
• 2 days, 23 talks in total. Covers all sub-detectors, MDI related issues, 

Mechanical designs and other topics.
• https://indico.ihep.ac.cn/event/14392/
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Outline
• Detector:
• Mechanical Design of sub-detectors
• Integration & Installation Scheme of the Detectors

• MDI:
• Physical Design of the baseline 
• Some Mechanical Design
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Detector
• Mechanical Design of sub-detectors
• Integration & Installation Scheme of the Detectors
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Sub-detectors
• All the sub-detectors presented the physical design
• Some of them presented the preliminary mechanical design
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Yong LIU

Zhijun LIANG
Jinyu FU



Integration
• The integration of vertex detector and the beampipe may need 

further study.
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Integration & Installation
• The parameters of the detector from mechanical side.
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SN Name Total weight
（ton）

Number Weight of each
（ton）

Boundary 
Dimension

mounting 
clearance

1 Barrel iron yoke 1200 12 100 Φ8520，L:7660mm /

2 HACL 1200 12 100 Φ7220，L:7660mm 50mm

3 Superconducting 
solenoid

30 1 30 Φ4960，L:7660mm 50mm

3 ECAL 120 12 10 Φ4400，L:4700mm 50mm

4 SET+TPC+SIT ？ Entirety ？ Φ3800，L:4700mm /

5 End-cap iron yoke 500 5 100 Φ8520，L:800mm 180mm

6 End-cap ECAL 100 1 100 Φ7220，L:1080mm 50mm

Songwen XIAO



Installation
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Installation
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Installation
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Installation
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Experiment Hall
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Experiment Hall
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MDI
• Physical Design of the baseline 
• Some Mechanical Design
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The inputs of baseline design
• Dedicated to CDR parameters of the accelerator, and the baseline 

design of the detector.
• 28mm Be beam pipe
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CDR Parameters(2T for Z) Baseline Detector



Map of the MDI Study
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The MDI Table
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Range

Peak 
field 

in 
Coil

Central 
Field 

Gradien
t

Bending 
angle Length

Beam 
Stay Clear 

Region

Minimal 
distance 
between 

two 
aperture

Inner 
diameter

Outer 
diameter

Critical 
Energy(H
orizontal)

Critical 
Energy(
Vertical)

SR 
power(Ho
rizontal)

SR 
Power(
Vertical)

L* 0~2.2m 2.2m

Crossing angle 33mard

MDI Length ±6m

Opening angle 13.6

QD0 3.2T 136T/m 2m 19.51mm 72.61mm 40mm 53mm 1.3MeV 527keV 639W 292W

QF1 3.8T 110T/m 1.48m 26.85mm 146.2mm 56mm 68mm 1.6MeV 299keV 1568W 74W

Lumical 0.805～0.855m

Anti-solenoid before QD0 7.26T 1.1m 120mm 390mm

Anti-solenoid QD0 2.8T 2m 120mm 390mm

Anti-solenoid QF1 1.8T 1.48m 120mm 390mm

Beryllium pipe ±12cm 28mm

Last BM upstream 67.66~161.04m 1.1mrad 93.38m 45keV

First BM downstream 46.06~107.04m 1.54mrad 60.98m 97keV

Beampipe within QD0 2m 20mm

Beampipe within QF1 1.48m

Beampipe between QD0/QF1 0.23m



The latest beampipe design
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Nearly 20 versions tried in since last summer

Beampipe Vacuum 
Connector

Y-Shape 
Chamber

Cryostat Chamber

Paraffin Cooling
Be

Al Water Cooling No Forced Cooling
RF Bellows

Water Cooling
Cu

H. Wang

IP



LumiCal

• LumiCal is necessary to achieve precision luminosity measurement as 
required for precision Higgs/EW measurement
• The new position of LumiCal has been chosen.
• Detector design and integration into IR
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40 -> 20 on Y axis Suen HOU



Collimators & Masks
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• Collimators & Masks are 
indispensable for BG 
suppressing.

• Collimators may also design for 
Machine Protection. 

• 4 sets of horizontal collimators 
per ring till now(No MPC).
• Upstream beam loss have been 

reduced to low level.
• Preliminary design of the movable 

collimator has been done.

• 4 SR Masks per ring till now.
• -4.2m/-1.21 per IP.

Name Location From IP

APTX1 D1I.1897 2139.06

APTX2 D1I.1894 2207.63

APTX3 D1O.10 1832.52

APTX4 D1O.14 1901.09

Bend Collimator

H. Wang

S. Bai S. Bai



Safety Check?
• Thermal Analysis(including impendence)
• Source

• HOM Heating
• Synchrotron Radiation
• Other Backgrounds(Negligible)

• Backgrounds Estimation
• Hotspot Shielding
• Full Detector Simulation
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Loss 
factor(V/pc)

Power
@Higgs

Power
@W

Power
@Z

8.69*10-4 0.36 w 1.47 w 5.13w



Thermal Analysis
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CDR Z parameters

• Pressure drop:
• Be pipe : 19.8 kPa
• Al pipe : 19.3 kPa

• TEMP rise:
• Be pipe   : 3.2 ℃ (between the inlet and the outlet)
• Transition: 13.3 ℃
• Al pipe    :  6.3 ℃

• Temperature rise and pressure drop are in a safe 
range



Background Estimation

• Whole-Ring 
generation for some 
BGs
• Multi-turn tracking

• Using built-in 
LOSSMAP with one 
step ahead

• SR emitting on
• RF on

• Doing
• 2 IR per ring
• Magnet errors

• No misalignment
• High-order magnets

• Integrating to 
CEPCSW
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Background Generation Tracking Detector Simu.

Synchrotron Radiation BDSim BDSim/Geant4

Mokka

Beamstrahlung/Pair Production Guinea-Pig++

SAD

Beam-Thermal Photon PyBTH

Beam-Gas Bremsstrahlung PyBGB

Beam-Gas Coulomb BGC in SAD

Radiative Bhabha Bbbrem

A. Natochii

Photon BG Beam Loss BG Injection BG

A. NatochiiSR

Pair Production



Detector Impact

• Preliminary results on 1st layer of vertex. Safety factor of 10 applied.
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Background Hit Density(𝒄𝒎!𝟐 ⋅ 𝑩𝑿!𝟏) TID(𝐌𝒓𝒂𝒅 ⋅ 𝒚𝒓!𝟏)
1 MeV equivalent neutron fluence

(𝒏𝒆𝒒×𝟏𝟎𝟏𝟐 ⋅ 𝒄𝒎!𝟐 ⋅ 𝒚𝒓!𝟏)

Higgs W Z Higgs W Z Higgs W Z
Pair

production 1.8 1.2 0.4 0.50 2.1 5.6 1.0 3.8 10.6

Beam Gas 0.4 0.4 0.2 0.36 1.3 4.1 1.0 3.6 11.1

Beam Thermal 
Photon 0.1 0.1 0.03 0.07 0.3 0.8 0.2 0.7 1.9

Total 2.3 1.7 0.63 0.93 3.7 10.5 2.2 8.1 23.6

Total_oCDR 2.4 2.3 0.25 0.93 2.9 3.4 2.1 5.5 6.2



Full Detector Simulation(Higgs)

• ECal and Beyond
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Yoke(Endcap)

Yoke(barrel)

400 cm

HCal

HCal

Yoke pluginEMC 

Solenoid 

TPC

End cap ring

200cm

300cm



Full Detector Simulation(Higgs)

2021/10/27 CEPC Physics and Detector Plenary Meeting, Oct 27th, 2021, H.SHI 26

BGB BTHPairs higher than at the same level

Name Position in R Hit/cm2/BX Hit/cm2/s

VTX 15 mm ~2.3 ~3.33e7

SIT 15 cm ~0.01 ~14507

TPC 50 cm ~0.005 ~7253

Ecal 200 cm ~1e-4 ~145

Hcal 220 cm ~2e-6 ~2.9



Mechanical Design
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New Light Material Candidate
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Shaohong WEI



Novel Design - Shrinking to 20mm
• Smaller Be inner diameter would benefit vertex
• Preliminary Design has been performed
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X direction: 20-35-(2-20)mm;
Y direction: 20-20-20mm;



What MDI Study covers now
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Central Beam Pipe Done

Vertex Detector Doing

LumiCal Doing

Silicon Tracker Doing

TPC Doing

Hcal Doing

Ecal Doing

Solenoid Doing, strength Fixed

Yoke Doing

Muon Detector Doing

Hall ?

BG Simulation&Shielding Doing

Software Geometry Done, check needed

Alignment&Assembly Doing

Electronics ?

Cryogenic ?

Radiation Protection Not Covered

Booster Not Covered

IP Feedback Not Covered

BG Simulation Doing

LumiCal Doing

HOM absorber No Need 

Vacuum Chamber Done

SR Masks Done

QD0/QF1 Doing

Anti-Solenoid Doing

Cryostats Doing

BPMs Doing

Instability&Impendance Done

Cooling Done

Shielding Doing

Assembly&Supporting Doing

Alignment Doing

Connecting System Doing

Vacuum pumps Doing

Last Bending Magnet Done

Collimators Doing

Control Not Covered

Accelerator Detector

Red means a part of “specific” MDI , Blue means its parameter is 
relative to MDI, while Black means it would affect by MDI



What’s next?
• For detector mechanics, optimize the integration&installation scheme.
• Continue the mechanical design of the yoke, SC and other sub-detectors.
• The installation scheme of beampipe at commissioning phase. 
• The integration and installation of the whole detector as well as beampipe.
• Optimize the design of experiment hall, auxiliary hall and other halls on 

ground.

• For MDI, continue finishing current design, start the design for TDR.
• More detailed & feasible mechanical design
• More detailed simulation and understanding of the results
• More realistic model in simulation(fewer lacking sources, better geometry, 

etc.)
• More efficient simulation
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What’s next?
• At the same time, as Prof. GAO suggested,
• Clear CEPC MDI specified subsystem target goal parameter tables should be 

established to guide the evaluation of the status of each subsystem and MDI 
as a whole one.
• Clear CEPC MDI subsystem overlapping working relation and communication 

table(s) should be established to improve the communication among 
colleagues in MDI as a whole team. 
• Clear a version name equipped with a complete documents of current and 

future study of MDI in order to avoid any confusion in a complex system such 
as MDI(Summarize the current version when it roughly finished before we 
touch the new).
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Thank You



Backup
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HOM & Impendence

• The Power Distribution on Higgs & Z mode has been simulated.
• The new SR masks has been considered.
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Loss 
factor(V/pc)

Power
@Higgs

Power
@W

Power
@Z

8.69*10-4 0.36 w 1.47 w 5.13w



Synchrotron Radiation
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• Synchrotron radiation should be dealt with high priority at circular machines 
when designing the interaction region

Power Deposition Average Power Density

0.805~0.855m 16W 88.9W/cm2

0.855~2.2m 12.3W 2.54W/cm2

QD0(2.2m~4.2m) 2.79W 0.39W/cm2

QD0~QF1(4.2~4.43m) 36.1W 43.6W/cm2

QF1(4.43m~5.91m) 3W 0.56W/cm2

Revised beam pipe design to achieve
No direct SR photons hitting the central beam pipe except the extreme beam conditions (e.g. beam off orbit 
due to magnet errors)



Novel Design - Shrinking to 20mm
• SR would hit Be beam pipe directly in error case

• SR hitting Be pipe directly in (- 85mm ~ 11.4mm) range, but since instantaneously, heat load 
is not a problem.

• SR photons hitting the bellows under the extreme beam conditions, temperature rise ~10C
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Region Material SR heat 
load SR average power density

-85mm ~ 11.4mm Be 13.74W 41W/cm2

-130mm ~ -85mm Al 6.66W 41.1W/cm2

-780mm ~ -655m Al 18.3W 40.7W/cm2



Novel Design - Shrinking to 20mm
• SR would hit Be beam pipe directly in error case

• SR hitting Be pipe directly in (- 85mm ~ 11.4mm) range, but since instantaneously, heat load 
is not a problem.

• SR photons hitting the bellows under the extreme beam conditions, temperature rise ~10C
• Several assumptions were taken here:

• Extreme condition, eg, if a magnet power is lost, a large distortion will appear 
immediately for the whole ring orbit. The beam will be lost when exceeded.

• In extreme cases ~ at least 10 times per day. The beam will be stopped within 0.5ms 
when abnormal.

• The background of the detector should not be considered under abnormal conditions.
• The beam orbit deviation will not affect detector operation, since the high background 

part will be removed when data analysis is carried out. 
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These assumptions may 
need further discussion
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MDI__Accelerator Person

IP Feedback J.H. Yue/C.H. Yu/Y.W. Wang

BG Simulation H.Y. Shi/S. Bai

LumiCal Suen Hou/Ivanka/Phillipe

HOM absorber Y.D. Liu/J.Y. Zhai

Vacuum Chamber H.J. Wang

SR Masks H.Y. Shi

QD0/QF1 Y.S. Zhu

Anti-Solenoid Y.S. Zhu

Cryostats M.F. Xu/T.X. Zhao

BPMs Y.F. Sui

Instability&Impendance Y.D. Liu/N. Wang

Cooling Q. Ji/H.J. Wang

Shielding H.Y. Shi/Z.J. Ma/S. Bai

Assembly&Supporting H.J. Wang/Q. Ji

Alignment X.L. Wang/Q. Ji/H.J. Wang

Connecting System H.J. Wang

Vacuum pumps Y.S. Ma

Last Bending Magnet Y.W. Wang

Collimators S. Bai/H.J. Wang

Control G. Li

MDI__Detector Person

Central Beam Pipe Q. Ji

Vertex Detector Z.J. Liang

LumiCal Suen Hou/Ivanka/Phillipe

Silicon Tracker H. Fox

TPC H.R. Qi

Hcal Y. Liu

Ecal Y. Liu

Solenoid F.P. Ning

Yoke F.P. Ning

Muon Detector X.L. Wang

Hall Z.A. Zhu

BG Simulation&Shielding H.Y. Shi

Software Geometry C.D. Fu

Alignment&Assembly Q. Ji/H.J. Wang/X.L. Wang

Electronics W. Wei

Cryogenic T.X. Zhao

Radiation Protection Z.J. Ma

Booster D. Wang


