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Homework from Mary-Cruz 

 Short description of options being considered & 

interplay with the rest (things that can affect full 

engineering but not the implementation itself) 

 Status of the work 

 Software related issues: 

 Needs of Monte-Carlo for detector optimization? Requirements 

of new software development or production on samples. Data 

Formats…  

 List of things pending to do ("urgent" & long term) 

 Short/medium term plan  

 Future plan 

 Present difficulties (budget/manpower) 

 Activities that, with the present and expected resources 

(assuming the present situation with the ILC)  for which 

it will be needed to inject a significant amount of 

manpower or money  

 New groups could be very welcomed           

 Ideas for exploiting more  synergies with developments 

for other experiments and other R&D 
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Reminder: Impact of BS on technological choices 

• Beam background dominates VXD occupancy 

(same for disks and SIT) 

 Governs the read-out architectures & 

technological choices 

 Percent level occupancy is considered as 

acceptable: ~few BX resolution time needed 

(0.5 – 4 s) 

• Constrains on technological choices 

 Presently 3 double sided layers in a CMOS 

tec. = baseline 

 FPCCDs presently do not cope with the hit 

rate (but have other advantages) 

  ~ 3 μm (CMOS) against  1 μm (FPCCD) 

 Does not exclude emerging technology (SOI, 

etc.) 

• Trade-off needed to accommodate the hit 

rate, based on an interplay between pixel 

pitch, read-out speed and power consumption 

 achieving simultaneously the ambitioned 

spatial resolution & material budget is an 

issue 

 Targeted Mat.Budget ~0.15% X0 / layer 
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MDI-Phys - Beam pipe and vertex detectors 

• Meeting in December 2021 
 https://agenda.linearcollider.org/event/9399/ 

 Présentation by Henri Videaux 

• Outcome 

 Strong interplay between 

 Beam pipe 

 Support 

 Services/cables 

 VXD/disks/SIT/lumical/beamcal 

 Updates needed on the forward 

region optimization ? 

• Global strategy for 

everything: 

 Monitoring, cooling, cable 

routing, mechanics, data flow, 

etc. 
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Geometry in the forward region (ILD) 
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Background updates ? 

• Relevant sources of beam related backgrounds: 

 news on beamstrahlung since TDR ? (D.Jeans/A.Miyamoto studies) 

 other phenomena: synchrotron radiation, infra-red radiation, ... 

 are there potential transitory backgrounds ? 

 consequences of potential luminosity upgrade (change in optics ?) 

• Which are the suspected sources of uncertainty on the prediction of 

beam related backgrounds: 

 beamstrahlung generators:   & e± rates, momentum spectrum 

 other phenomena: synchrotron radiation, infra-red radiation, ... 

 corresponding safety factors ? x3-5 ? 

• Beam parametres: 

 beamstrahlung envelope at small polar angle prevents reconstruction of 

shallow tracks close to IP 

 at SuperKEKb (and FCCee < Sync. radiation) beam pipe cooling is considered as 

mandatory: Why not at ILC ? 

 Cooling  beam pipe material budget x 2  (~0.15%X0  0.3%X0) 

 At FCCee they consider reducing the inner radius (more material budget, lower 

magnetic field w.r.t. ILC) 

 Is it worth considering it ? 
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FCCee beampipe Level arm ! 



Detector R&D Roadmap: themes (DRDTs) 
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Synergies 
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+ integration know-how (e.g. ALICE, Belle-2) 



CMOS R&D status: present plans 

• Main R&D lines: 

 180 nm technology: MIMOSIS chips for CBM-MVD @ FAIR 

 = a milestone for Higgs factories (5m spatial res./ 5s 

time res./ 60m thickness)  

 MIMOSIS-1 (1st full scale prototype) under tests (promising 

preliminary  results). 

 3 test beam campaigns performed in 2021 

 Results match expectation 

 65 nm tech. Exploration  

 Main driver: CERN EP R&D WP 1.2 & ALICE ITS-3 upgrades 

(IPHC involved)  LS3 ~ 2024-26 

 Priority: Validate the technology then optimize time 

resolution & granularity 

 Test beam being analyzed (CE_65 prototype) 

 65 nm detects charged particles ! 

 Stitching & large surfaces for very low mass detectors 

 Priority for Higgs factories in the future  Material 

budget & Large pixelated surfaces 

 Reassess double sided approach ? 

 Next submission in 65 nm technology (eng.run 1) with CERN 

in Q1 2021: prototypes to explore stitching (MOSS/MOST) 

 Bent sensors (with ALPIDE – ALICE ITS-3) 

 Cf. M. Mager Seminar: ALICE ITS3 – a next generation 

vertex detector based on bent, wafer-scale CMOS sensors 

 https://indico.cern.ch/event/1071914/ 
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MIMOSIS-1, 60µm thick 

M.Mager(CERN) 

ALICE ITS2  

Material budget 

CE_65 
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Integration 

• Cooling, MCC, thinning 
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Integration example: Belle-2 upgrade R&D 
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Software related issues(from a non-expert) 

• Software tools are there 

 Lot of efforts made (training tutorial, fast-sim, etc.) 

• What do we need ? 

 Compare performances for different technology/design choices 

 Different levels of figure of merits: 

  Impact parameter resolution : not a challenge 

  object performances (e.g. flavor-tagging performances, low pT 
tracking performances, etc.)  

  impact on physics observable (e.g. H-cc coupling, etc.). 

• What can be done 

 Some studies don’t need heavy changes 

 Spatial resolution, time resolution, etc. 

 Some studies needs a different geometry 

 Material budget mapping, impact of geometry changes 

 Different tracking algorithms ? Different flavour tagging training ? 

 Main issue: 

 R&D people usually not heavily involved in software to implement 
reallistic alternative geometries 

 

 Experience in common activities with other Higgs 
factories 
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Being generic: ILC & FCC differences 

• Beam structure: « continuous » vs trains 

 Power Pulsing: allows a factor O(10) reduction in average power 

 ILC: However, avoiding PP is desirable (alignment) 

• Beam pipe shape and material 

 ILC: ~0.14% X0 for the beam pipe (500 m) 

 FCCee: Sync. Radiations  Cooling of the beam pipe  higher 
Mat.Budget 

 800 (2 pipes) + 400 (water) ~ 1200 um Be eq.) 

 Smaller inner radius @ FCCee ? 

 

• MDI: 

 CLD: Forward acceptance limited to 150 mradian (8.6o) 

 ILD: Froward acceptance (disks) ~ 5o 

• TeraZ vs Giga Z  

 Specific timing and impact parameter resolution ? 

 e.g. lower radius ? 

• Magnetic field:  

 ILC: 3.5/4 T (Rmax ~1.8m) 

 CLIC: Rmax(CLIC): 1.5m 

 FCC: 2 T max  compensate by larger level arm (Rmax ~ 2.15m) 

 Overall most of the R&D can be fruitfully made common 
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Open issues and Pending activities 

• Chip Designs 

 Full scale prototyping specifically optimized for a ILD vertex detector (or any Higgs 

factory) could only be triggered by political signs. 

 Rely on generic R&D for granular and thin sensors. 

 Rely on mid-term applications (CBM, ALICE upgrades, Belle-2, EIC, etc.) 

• Simulations & Detector design 

 Technology breacktroughs could imply a complete reassessment of the design 

 

 No manpower in the Detector R&D community to perform dedicated simulation to optimize the 

VXD parameters w.r.t. physics analysis benchmarks 

 Global design not frozen (e.g. Faraday cage, anti-DID, forward region, etc.) 

 Room for dedicated optimization and open to other Higg factories. 

• Integration 

 R&D groups mostly focused on chip designs. 

 Many integration questions remains open 

 Mechanics, cooling, Powering (& Power Pulsing), read-out, Alignement, EMC, 

Monitoring, connectors, cable routing, etc. 

 One should welcome new groups here. 

 Could benefit from mid-term experiments (ALICE upgrades, Belle-2, etc.) 

– e.g. ALPIDE Bent sensor studies @ CERN 

• Synergies: 

 Turning the R&D more opened to other Higgs factories can be done naturally. 

 Encouraged by funding agencies 

 

• The CMOS technology evolves quickly and this could impact the VXD design strategy 

 Stay open for new ideas 
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