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Future e+e- colliders (« Higgs factories ») 

• 2 approaches 
 Circular (luminosity, 2-4 interaction points) : FCCee, CEPC 

 Linear (maximum Energy = Gradienteff  Length): ILC, CLIC 

• A lot more than Higgs physics ! (EW, top, BSM, etc.) 
 No QCD background, negligible pile-up 

 Triggerless operation possible 

 Well defined initial state, small theoretical uncertainties 

 Tunable s  
 (91 GeV(Z), 160 GeV, 250 GeV(Zh), 350 GeV (ttbar), up to 500 

GeV (ILC) or even 3 TeV (CLIC) 

 Beam polarization (ILC, CLIC) 

• Future e+e- collider physics program demands  
 Minimizing experimental systematic uncertainties 

 High acceptance/Hermiticity 

 Track momentum resolution: 𝜎𝑝𝑇 𝑝𝑇
2 < 5 × 10−5 𝐺𝑒𝑉−1 

 CMS/40 

 Impact parameter resolution: 𝜎𝑖𝑝 ≲ 5𝜇𝑚⊕
10 𝜇𝑚.GeV

𝑝.𝑠𝑖𝑛3/2𝜃
 

 CMS/4 

 Jet Energy resolution: 𝜎𝐸 𝐸 ~3 − 4% 
 ATLAS/2 

 General particle flow approach 
• Next Milestones:  

 European Strategy Update for particle physics (~2026-27) 

 Coming decade: Detector R&D programs through DRDs 
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Detector R&D Roadmap: themes (DRDTs) 
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Synergies 
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Important similarities between 
FCCee requirements & 

Heavy ions experiments 
(ALICE ITS3, ALICE3, EIC, etc.) 



Tracking/vertexing detectors in future e+e- colliders 

Collider ILC CLIC FCCee CEPC 

Bunch separation (ns) 330/550 0.5 20/990/3000 25/680 

Power Pulsing yes yes no no 

beamstrahlung high high low low 

Detector concept SiD ILD CLICdet CLD IDEA Lar Baseline IDEA 

B Field (T) 5 3.5 4 2 2 2 3 2 

Vertex Si-Pixel Si-Pixel 
 

Si-Pixel 
 

Si-Pixel 
 

Si-Pixel 
 

Si-Pixel 
 

Si-Pixel 
 

Si-Pixel 
 

Vertex Rmin (mm) 16 16 31 12 12 12 16 16 

Tracker Si-strips TPC Si-Pixel Si-Pixel 
(+RICH ? ) 

 

DC/Si-
strips 

 

DC/Si-
strips or Si-

Pixels 

TPC or Strips 
 

DC/Si-
strips 

Tracker Rmax 
(m) 

1.25 1.8 1.5 2.2 2.0 2.0 1.8 2.1 

Disks layers 4 + 4 2 + 5 6 + 7 3 + 7 3 
(150 mrad) 

2+6 
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Large similarities between the concepts 
but also significant differences 

(From D. Dannheim) 
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Vertex detector requirements 

(ILC/FCCee) 

Vertex reconstruction 
 granularity 
 Pitch ~17-20  m  
 (sp ~3-4 um) 

Material Budget 
 ~ 0.15% X0 / layer 
 < 1% X0 for the whole VTX 
+ ~0.3 % X0 for the beam pipe 
+ 0.15% X0 for 5 m Gold coating 

Radiation hardness 
O(100kRad/yr) & O(1011)neq/yr 

Cooling 
Stiffness / Alignment 

Time resolution 
O(100ns-1 s) 

Power consumption 
~< 50mW/cm2 

Physics 
    Flavour tagging 
 Low pT tracks 
 Vertex/Jet charge 

determination 
 Track seeding 

Beam background 

Physics O(Hz/cm2)  

Beam background O(10-50 MHz/cm2) 

Low material detectors & 
supports structures 

Rad.Tol. devices 

• Design: 5 single layers or 3 double layers ? Inner and outer radius ? Etc. 

• R&D: Keep excellent spatial resolution, low material budget, moderate Power 

consumption and push towards better time resolution (BX) 

No Power pulsing @FCCee 

Fast read-out & low Power  
Architectures (~ 20-50 mW/cm2) 𝑏~10 𝜇𝑚. 𝐺𝑒𝑉 

(Figure: D. Contardo) O(10ns)@CLIC 



Tracker requirements 

• Material budget vs intrinsic resolution 

 Typically sp ~5-10 m/layer ; material ~1-2% X0/layer ; 
Power ~< 100 mW/cm2 

 Low momentum vs high momentum 

• 2 main options:  

 All silicon (CLD, CLICdet, SiD) 

 Few high resolution layers 

 Possibly timing capabilities 

 Silicon + Gazeous detector 
 TPC (ILD) / Drift Chamber (IDEA) 

 dEdx/dNdx capabilities,  

 More hits, overall less materials 

 TPC: Ion back flow issue for circular colliders 

• PID Strategy to be included (RICH, timing, dEdx, etc.) 
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Level arm ! 

d = layer thickness, N  = # layers 

m.s. term dominates  for pT ~< 100 GeV/c 

𝜎𝑝𝑇
𝑝𝑇

2
~2 × 10−5𝐺𝑒𝑉−1 

Expected performances Physics 
    Momentum resolution 
 Tracking efficiency 
 Track separation, low fake tracks 
 Etc. 



Vertex/tracking detector comments 

• Particle ID has to be included in the tracker concept 
 dEdx and/or dNdx and/or fast timing 

• Inner and outer radius are key factors 

• Forward acceptance (e.g. asymmetry measurements) 
 Limited by MDI constraints, beam pipe, luminosity measurements, etc. 

 30 mrad acceptance (FCCee) 

• B-field 
 Limited to 2 T in circular machine (@ Z-pole) 

• Beam time structure 
 Power pulsing only for linears 

• Beam related Background 
 Beamstrahlung (incoherent e+e- pairs) 

 Occupancy driver for linears 

 Less severe for circular (Rmin reduction ~10mm)) 

 Synchrotron radiation (mainly circulars) 
 Possible shielding (increase beampipe material budget) 

• VTX Geometry 
 Probably 5-6 layers VTX (R < 60 mm) 

 Robustness (standalone tracking) 

 low momentum tracking 

 Track seeding  @ different radii  

 e.g. FIPs, highly ionizining particles, LLPs, etc. 

 « long barrel » (sticking the first measurement point to the beam pipe) 
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VTX/Tracking detector is highly connected to the MDI and the 
whole detector concept 



Technologies 
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Pixel detectors landscape for FCCee detectors 

• VTX hierarchy of the driving parameters 
 Granularity & material budget > Power > time resolution > Radiation hardness 

• Outer tracker 
 Material budget still a must. Relaxed granularity  possible focus on Power, time resolution 

• Specialized timing layers 
 Timing layer  Price to pay: granularity and/or Power 

• R&D needed to improve the parameter space 
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DEPFET, 
FPCCD, 

SOI 

Also for vertexing 

Fast timing, radiation hardness Granularity, low power, low material budget 

Si-Strips 

Also for tracking 



Plenty of R&Ds to follow carefully… 

Huge panel of R&D and projects in CMOS 

 Different technologies (TJ180 nm, 

TPSCo 65nm, LF 110 nm, etc.) 
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arXiv:2205.12669v1 [physics.ins-det] 2022 

MAPS Foil: Embedded MAPS 
inside polymide  flexible printed 
circuits 
 Provides electrical connection, 
protection, bending, 0.1%X0 

Wafer stacking in CMOS (quoted by W. Snoeys) 

Several wafers stacked 
with different 

technologies to make a 
full sensor 

 Starts to be available in 
imaging tech. 

    Hybrid R&D 
 
• 25 um bump 

bonding 
 

 
• Anisotropic 

Conductive 
Film 



An example of R&D: TPSCo 65 nm CMOS technology 

• 65 nm feature size technology 

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

 Privileged relation between CERN with the foundry  

• Added values 

 Larger wafers ( 30 cm) 

 More functionalities inside the pixel 

 Keeps pixel dimensions small  spatial res.  

 Potentially faster read-out 

 Lower power consumption 

 Synergy with Higgs factories requirements 

• First submission: MLR1 (2020) 

 Validated the technology for HEP 

• 2nd Submission ER1 (2022-23) 

 Dedicated to ITS3 (MOSS/MOST; stitching) 
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TANGERINE (DESY) 

DPTS (CERN) APTS (CERN) 

CE-65 (IPHC) MOSS (CERN) 



CE65_v1 
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CE_65 prototypes 

• CE_65v2 (MLR1 submission) 

 prototype designed @IPHC 

 Analog output, various designs (pitch, 

amplification) 

• CE_65v2 (ER1 submission) 

 18/22 m pitch, hex design 

 Available in August 2023 

 More results: PSD13, Oxford, El Bitar 

Total charge not affected by process/pixel Charge sharing affected by process/pixel 

https://indico.cern.ch/event/1230837/contributions/5518129/
https://indico.cern.ch/event/1230837/contributions/5518129/


CMOS 65 nm submissions and connexion with DRD3/DRD7 

• 2 lines of submissions 
 Submissions dedicated to ALICE ITS-3 (ER2 & ER3) 

 Submissions for generic R&D, supported by CERN EP R&D WP1.2 (« MLR2 » and beyond) 

 

• Solid state detector R&D framework = DRD3/7 

 

• Generic R&D possible contributions 
 One expression of interest submitted with 

future e+e- collider vertex detectors as the main driver  
 Goal: gather groups to reach a critical size 

 Targets 3 m spatial resolution, improved time resolution  

(5-500 ns), controlled Power (< 50 mW/cm2),  

data flow (10-100 MHz/cm2) and low material budget  

(50 m thickness) 

 Demonstrator to equip new generation beam telescope 

 Proposing Institutes: CERN, DESY, IPHC, APC, etc. 

 Open to other participations 

 Other projects in discussion (tracking, timing, calorimeters) 

 

• MLR2 submission model ? 
 MLR2 submission: ~ end 2025  (another expected > 2027) 

 Cost to be shared between EP R&D WP 1.2 and participating projects 

 Multi-year plan needed to allow significant contributions to the targeted submissions 
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65 nm R&D timeline (e+e- point of view) & strategy for FCCee 
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2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 

Joined effort for ALICE-ITS3 

MLR2 
• Proposal to DRD3/DRD7 

MLR1 
• CE_65_v1 
• APTS/DPTS 

ER1 
• CE_65_v2 

• MOSS/MOST 

XXX 
• Demonstrator for  

Higgs factories/beam telescope 

ER2 
• CE_65_v3 ? 

• MOSS2 

Minimize pixel pitch 
Time res. O(100 ns) 
Explore architectures 

Minimize Power 

• Synergies: Mid-term projects are still the way to go 

 CBM (Mimosis), ALICE ITS-3, Belle-2 upgrade (Obelix), 

LHCb, EIC, etc. 

  provides invaluable milestones 

• National effort: 

 Continue to strengthen the community targeting FCCee 

applications  ANR ? 

 Find the right balance between generic R&D and 

specific requirements 

 Develop simulations & physics studies dedicated to 

FCCee 

• International effort 

 DRD3/DRD7 

Fast timing prototypes ? 



Particle ID & Timing 
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Timing & 4-D tracking 

• Time resolution t 
 Bunch separation (3 s / 1 s / 20 ns @ FCCee) 

 Background rejection ? (1-10 ns range) 

 Particle ID (10-100 ps) 

• Usual drawbacks to go faster 
 Power consumption  

 Active Cooling & geometrical acceptance due to services 

 In pixel circuitry  larger pixels (or multipixels) 

 Fill factor, dead time 

 PID Restricted to low momentum particles (~< few GeV/c) 

• Still 
 Forward region not covered by a central gazeous detector (TPC) 

 Added value for intermediate radii (e.g. LLPs ?) 

• Specialized layers 
 Doesn’t compromise the other requirements (material budget and granularity) 

 Probably not in the most inner layers 

 

 

 

 

September 2023 A.Besson, IPHC - Université de Strasbourg 17 

100 s 10 s 1s 100 ns 10 ns 1 ns 100 ps 10 ps 

Time resolution 

Beam Background rejection ? 
~ 10 ns Particle ID 

3 s ttbar 1 s ZH 20 ns Z 



Particle ID and time resolution DRD4 & 1/3 
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https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf More details here: 

Separation Power (significance) 
Time difference (ps) 

Momentum (GeV/c) 

Time of Flight dE/dx – dN/dx Combined measurement 

K / Pi separation 

Separation Power 

• Goal: 

 K/, /e- separation, etc.  Interest to push beyond 10 ps resolution 

 Even more important for the physics program @ Z peak 

dE/dx + dN/dx 
Mainly gazeous detector, e.g. TPC, RICH (DRD1) 

Fast timing (<100 ps) 
Solid state (pixelated) detector (DRD3) 

https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf


Power vs fast timing vs pixel size 
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Price to pay: additionnal cooling 
system (addtionnal material) 



Timing Landscape in semi-conductor technologies 
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MonPicoAd  
(BiCMOS) 

NA62 Gigatracker 
(planar) 

Resistive read-out 
AC-LGADS 

(signal sharing) 

Low gain to minimize jitter 

Trench Isolated-LGAD 
(reduces no gain region) 

CMS & ATLAS 
(LGAD DC coupled) 

Inverse ILGAD 
Deep Junction  

DJ-LGAD 

FastPix 
(CMOS) 

See e.g. ECFA-TF4 Time of flight technologies (R. Forty) 

https://indico.cern.ch/event/999817/contributions/4253048/attachments/2240084/3797788/TOF technologies.pdf
https://indico.cern.ch/event/999817/contributions/4253048/attachments/2240084/3797788/TOF technologies.pdf
https://indico.cern.ch/event/999817/contributions/4253048/attachments/2240084/3797788/TOF technologies.pdf


Material budget 
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Material budget: starting from the layers 
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Classical single 
sided layers 

(e.g. ALICE ITS-2) 

Self supported 
silicon 

(Belle-2 upgrade) 

PLUME  
(Bristol, DESY, IPHC) 
Double sided ladders with 
minimized material budget 
0.35% X0 reached  ~0.3 X0 
doable (with air flow cooling) 

 

Double sided 
layers 

Pseudo stitching 
+ bent sensors 
(superALPIDE) 

Stitching   
+ bent sensors 

ALICE-ITS3 

Inputs for engineering studies 



ALICE ITS3 tests 
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Integation and cooling studies Carbon fiber foam spacer 

Bent sensors in test beam Inteconnexion tests (superALPIDE) 

On going experiments pave the road for Higgs factory detectors  

(many other examples) 



ALICE ITS3: Bent sensors & stitching 

• ALICE-ITS3/CERN drives the R&D  on  

Stitching + bent sensors: 

 Sensor part ~15% of total material  budget 

 Sensors thinned down to 50 m 

 Minimizing overlapping regions,  

minimizing minimal radius around the beam pipe 

• Challenges and caveats (for e+e- colliders) 

 Mechanics ? Bonding ? Air cooling only ? 

 Design: Minimizing peripheral circuits (Fill factor ~90%) 

 Bent sensor performances ? Yield 

 design rules constraints the minimal pitch (~22 m) 

 ITS-3 do not have disk (chip periphery adds Z position constraint) 

 Approach validated in a limited radius range (R> 18mm) 
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M.Mager(CERN) 

ALICE ITS2  

Material budget 
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https://indico.cern.ch/event/1071914/


Detector optimization and simulations 
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Optimization of the detector 

• Example: Shall we target 18 or 22 m pitch ? 

• Caveat: One can not decouple detector optimization and algorithm optimization 
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Detector Design 
modification 

Full simulation & 
reconstruction of 

physics benchmarks 

Background overlay 

Evaluate Detector 
performances 

Evaluate Object 
ID performances Retrain/adapt 

algorithms 
with the new 

detector 
configuration  

Evaluate final 
performances on 

physics benchmarks 

Feedback for R&D 
Reassess requirements 

e.g. 
• geometry  
• Resolution 
• material budget 

e.g. 
• tracking resolution/efficiency 
• vertex finder 
• I.P.  Resolution 

e.g. 
• Flavor tagging with LCFI+ 

 

e.g. 
• Beamstrahlung 
 

Detector response model 
e.g. 
• Charge sharing 
• digitisation 
 

Caveat: More precise description means that 
any update is more difficult to do… 
(ideal case: modular/scalable design) 



Example of detector optimization: CLD vertex/tracker 

• Master the full simulation chain (key4hep) for detector optimisation 

 Goal: Optimisation of the Design 

 Complete physics studies (Long lived particle: HNL, etc.) 

 Object performances: Tracking, vertexing, Flavour tagging 

 Test new ideas 

 Guidelines for future R&D 
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FCCee CDR (fast sim) 

Full sim (our study) 

Jeremy Andrea, Auguste Besson, Ziad El Bitar, Gaelle Sadowski (PhD) (IPHC, CNRS, Strasbourg) 

Full simulation chain validated 



Power, Architecture & designs 
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Power challenges 

• Power is in conflict with all other parameters 

• Baseline:  

 Air flow cooling only to minimize material budget 

 Up to ~ 20 mW/cm2  

 what is the limit ?  ~50 mW/cm2 or even more ? 

• Driving parameters: 

 # channels, Time resolution / data flux 

 Surface (VXD ~ 3500 cm2 ; tracker O(10 m2) 

 Power Pulsing (ILC/CLIC)  Constraints more relaxed w.r.t. FCCee 

• The « Power paradox » 

 Small radius  Higher hit density and Power/cm2 but small fraction of total power 

 Higher radius  less hit density but higher total power/layer 

• Power sharing 

 Analog part: O(25-50%)  density of pixels, charge collection speed 

 Digital part: O(25-50%)  data flux, freq. 

 OutputDAQ: maximum flux. (25%) 

• Architecture optimization is important 

 Priority encoder (limited by flux) 

 Asynchronous might be adapted (tot, etc.) 

 Etc. 

• Technology feature size 

 e.g. 180nm to 65 nm: ~50% Power reduction 

• Air extraction: 

 In conflict with disks and forward acceptance 

 (ALICE ITS2/3, Belle-2, STAR-HFT) 
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CLICdet 

STAR-HFT 



Design challenges: From new ideas to real chips  

• How to really make it ? 
 R&D prototypes  final production chip installed in real experiment 

 Submission cost issue for R&D 

 Trade-off between new (expensive) technologies and older (cheaper) 
technologies 

• The complexity is growing 
 New read-out architecture, etc. 

 Work flow inspired from successfull chips installed in experiments (e.g. 
ALPIDE for ALICE-ITS2) 

  push to concentrate on few technologies 

 Verification tools are absolutely crucial 

 « Digital on top » 

 Global support on tools DRD3/ DRD7 connexion ! 

• Connexion with foundries absolutely crucial 
 Contracts, confidentiality, etc. 

 Long term plans to maintain interest from fourndries (HEP is a small player) 

 Access to technology options to optimize it for HEP applications 
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Pixel detector @FCCee: Summary 

• Apologies for not covering 
 Many technologies and on going R&D  

 (FPCCD, SOI, DEPFET, BiCMOS (SiGe), etc. 

 Integration  
 Cooling R&D (MCC, etc.), Read-out 

 Operation and monitoring (Built-in Self Test (BIST) approach ?) 

 Alignment 

 

• The physics requirements impose a hierarchy between the  conflicting parameters 
 the inner vertexing/tracking layers: Granularity and material budget first ! 

 CMOS/MAPS Pixel sensors offer the best compromise 

 Outer layers: less constrains in terms of granularity  Mat. Budget / Power / Time resolution 
 Specialized timing layers ? 

 

• Integration R&D is a final performances driver ! 
 Fill the gap between nice ideas and real detectors 

 e.g. Stitching & bent sensors developed in ALICE-ITS3 context 

 

• Strategy 
 The right balance has to be found inside DRDs between defining priorities and allowing new ideas to 

emerge 

 Given the complex parameter space of R&D and detector design, a pragmatic approach should be 
privileged 
 Although the R&D is generic, studies on VTX/TRK should be don inside a while detector concept 

 French community strategy ? 

 Increasing complexity step by step, demonstrators, mock-ups, experience from mid-term experiments, 
etc. 
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backup 
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GRAM Master Project 

Approach the Higgs factories  
vertex detector requirements 

Exploit fully the potential  
of the CMOS technology 

Design, build and exploit CMOS pixels sensors with low material budget & high granularity 
In order to contribute to the construction of a vertex & a tracking detector 

Integration 

R&D 65 nm 

Emerging technologies 
(e.g. double tier) 

Maintain & develop the 
know how to build sensors 

to be installed in real 
experiments 

Optimize the parameters  
of the technology 

(e.g. sensitive layer) 

Input for detector simulations 

MIMOSIS chip family (180 nm) 
Large surfaces 
(stitching) 

Bent sensors 

ECFA Detector Technology roadmap 

Exploring new architectures 

European programs (AIDAInnova, Eurizon) 

C4PI platform 

Future Higgs Factories Heavy ions experiments, Belle-2, etc. 

DEPHY 

DRD3/DRD7 



Future e+e- colliders (« Higgs factories ») 
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Snowmass summary (summer 2022): https://snowmass21.org/energy/start 

 

ILC 

CEPC 

FCCee 

CLIC 

 

• Next Milestone: 

European Strategy 

Update for particle 

physics (~2026-27) 

 

• Coming decade: 

Detector R&D programs 

through DRDs 

 

• Other proposals 

considered (e.g. new 

concepts, ILC hosted 

outside Japan, etc.) 

 

https://snowmass21.org/energy/start
https://snowmass21.org/energy/start
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(slide from Mogens Dam/Lucie Linssen) 



Challenge 1: the spatial resolution 

September 2023 A.Besson, IPHC - Université de Strasbourg 36 



Spatial resolution in Higgs factories 
• Typical targets: 

 sp~3 m for the vertex layers 

 sp~5-10 m for the outer tracker layers 

• Resolution in each layer depends on 
 Pitch 

 In conflict with the functionnalities inside the pixel 

 Favored by small feature size technology 

 Charge deposition 
 Sensitive layer thickness 

 Charge sharing (SNR vs resolution) 
 Depletion:  

 Staggered pixels 

 Charge encoding 
 Binary output / ADC / Tot / etc. 
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Level arm ! 

 sp ~ 3 m    pitch ~ 15-20 m 

  (assuming binary output, ~20 m epi.thickness 

& large depletion in 180nm tech.) 



Elongated clusters: low pT tagging 
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epi 

pitch 

 

 

N crossed pixels = (epi / pitch) x tan() 

 Sensitive thickness/pitch ratio >~ 2 



MIMOSIS 
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25µm 

25µm 

𝐸 𝐸 𝐸 𝐸 𝐸 

Example: MIMOSIS (CBM-MVD) & Decision on options for sensing elements 
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𝐸 𝐸 𝐸 𝐸 𝐸 𝐸 𝐸 25µm 

Spatial resolution          
Rad. hardness 

𝜎 =  4 − 5 µm 
> 3 x 1013neq/cm² 

𝜎 = 5 − 7 µm 
> 30 x 1013neq/cm² 

2
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Process modification: Standard? P-stop? N-Gap? 

A
C

? 
D

C
? 

p
ix

el
 

• DC pixel – limited rad. hardness. 
• AC Pixel – more biasing lines. • Better spatial res. at given rad. tolerance? 

• Higher S/N => Robustness to external noise? 
• Nuclear fragment ID by dE/dx? 

Charge sharing volume (?) 

Process options inherited from ALPIDE 



Mimosis-1 Verification tools example 

• Large and complex designs need 

 A hierarchy in the work flow to keep 

submission on schedule 

 Verification tools that can be run in a 

reasonnable time 

 Knowledge of these tools is crucial 

• Example Power-grid problem 

observed in MIMOSIS-1  

 Threshold shifts 

 Problem fixed quickly 
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F. Morel DRD7 kick-off meeting 

https://indico.cern.ch/event/1214423/contributions/5285755/attachments/2611768/4512681/ALICE_ITS3_DRD7.pdf
https://indico.cern.ch/event/1214423/contributions/5285755/attachments/2611768/4512681/ALICE_ITS3_DRD7.pdf
https://indico.cern.ch/event/1214423/contributions/5285755/attachments/2611768/4512681/ALICE_ITS3_DRD7.pdf
https://indico.cern.ch/event/1214423/contributions/5285755/attachments/2611768/4512681/ALICE_ITS3_DRD7.pdf


Challenge 6: understanding beam related 

background 
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Challenge: understand beam related backgrounds 

• Sources: 
 Incoherent pairs (« beamstrahlung ») 

 Synchrotron 

 Beam loss (circular machines) 

 Radiative bhabha 

 Beam gas, etc. 

• Usually one considers that occupancy ~< 10-2-10-3 is safe for tracking/vertexing purposes 

• Experience from ILC studies over 20 years 
 Any modification in the Interaction region (beam scheme, beam pipe design, B field) might bring surprises 

 One should not consider that a 10-4 occupancy estimation means that there is no issue. 
 The robustness is questionnable 

 Large possible variations in some acceptance corners (asymmetries in  or z) 

 Safety factor absolutely mandatory 

 2 independant simulation tools would be welcome (GuineaPig, Fluka, etc.) 

• Experience from Belle-2 
 Discrepancies observed between simulations and first collisions 

• Direct beam background vs backscattered background 
 Generally the backscattered ones are more sensitive to  

any MDI change. 

• What about timing information to reject background ? 
 Need ~ 5 ns to reject backscattered particles 

 Is it worth paying the price in terms of additionnal power ? 

• What about cluster shape to reject background ? 
 Need very good sensitive thickness/pitch ratio (> 2).  

 Charge information helps. 

 (you actually reject very low pT particles) 
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Example of background study: ILD, from linear to circular 
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D. Jeans LCWS2023 

Adapt MDI, B = 2T, 
Sensitive to precise B-field map 
Adapt Beam structure 
Effect in TPC also being studied 

https://indico.slac.stanford.edu/event/7467/contributions/6057/attachments/2921/8092/lcws23-backgrounds.pdf
https://indico.slac.stanford.edu/event/7467/contributions/6057/attachments/2921/8092/lcws23-backgrounds.pdf


Example of study in CLD 
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BX rate might be an 
issue at the Z-pole 

US FCC workshop 25/04/2023 Ciarma 

Timing  resolution 
range to reject 
background ~ 1 ns 

https://indico.cern.ch/event/1244371/contributions/5312693/attachments/2635216/4558781/MDI_backgrounds_ciarma.pdf
https://indico.cern.ch/event/1244371/contributions/5312693/attachments/2635216/4558781/MDI_backgrounds_ciarma.pdf


A pragmatic approach: mechanical/simulation studies for the IDEA vertex detector 

• Starts from a detector concept and chip modules 

 Based on ARCADIA design 
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Single layer description 

Mechanical support 

Chip model based on ARCADIA 

Vertex + beam pipe 

Model implemented in Key4hep 
A. Ilg  FCCee MDI Meeting 15.05.2023 
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FCCee Collider parameters 
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Updated luminosity parameters (2023): 

2021 
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Detector R&D Roadmap: themes (DRDTs) 
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Synergies 
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Important similarities between 
FCCee requirements & 

Heavy ions experiments 
(ALICE ITS3, ALICE3, EIC, etc.) 



s-tagging 
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https://indico.cern.ch/event/1140707/contributions/4988213/attachments/2533474/4359608/Vertex2022_khkang_v3.pdf 

https://indico.cern.ch/event/1140707/contributions/5036352/attachments/2533480/4359729/tsuboyama-Belle2-vertex-upgrade-S3.pdf 

https://indico.cern.ch/event/829863/contributions/5062886/attachments/2568342/4428391/baudot-pixel2022.pdf 

https://indico.cern.ch/event/1140707/contributions/4988213/attachments/2533474/4359608/Vertex2022_khkang_v3.pdf
https://indico.cern.ch/event/1140707/contributions/5036352/attachments/2533480/4359729/tsuboyama-Belle2-vertex-upgrade-S3.pdf
https://indico.cern.ch/event/1140707/contributions/5036352/attachments/2533480/4359729/tsuboyama-Belle2-vertex-upgrade-S3.pdf
https://indico.cern.ch/event/1140707/contributions/5036352/attachments/2533480/4359729/tsuboyama-Belle2-vertex-upgrade-S3.pdf
https://indico.cern.ch/event/1140707/contributions/5036352/attachments/2533480/4359729/tsuboyama-Belle2-vertex-upgrade-S3.pdf
https://indico.cern.ch/event/1140707/contributions/5036352/attachments/2533480/4359729/tsuboyama-Belle2-vertex-upgrade-S3.pdf
https://indico.cern.ch/event/1140707/contributions/5036352/attachments/2533480/4359729/tsuboyama-Belle2-vertex-upgrade-S3.pdf
https://indico.cern.ch/event/1140707/contributions/5036352/attachments/2533480/4359729/tsuboyama-Belle2-vertex-upgrade-S3.pdf
https://indico.cern.ch/event/1140707/contributions/5036352/attachments/2533480/4359729/tsuboyama-Belle2-vertex-upgrade-S3.pdf
https://indico.cern.ch/event/1140707/contributions/5036352/attachments/2533480/4359729/tsuboyama-Belle2-vertex-upgrade-S3.pdf
https://indico.cern.ch/event/829863/contributions/5062886/attachments/2568342/4428391/baudot-pixel2022.pdf
https://indico.cern.ch/event/829863/contributions/5062886/attachments/2568342/4428391/baudot-pixel2022.pdf
https://indico.cern.ch/event/829863/contributions/5062886/attachments/2568342/4428391/baudot-pixel2022.pdf


Example of trade off: MIMOSIS 

• MIMOSIS-1 chip for CBM-MVD @ FAIR 
 

 

 

 

 

 

 

 Based on ALPIDE architecture 

 Multiple data concentration steps 

 Elastic output buffer 

 8 x 320 Mbps links (switchable) 

 Triple redundant electronics  

 Pixel variants: DC/AC (top bias up to >20V) 

 Different epitaxial variants tested 

 

 

 

• Intense test beam campaign(2021-22) 

 Mimosis-2 submission these weeks 

 Thicker epi layer tests 

 Test prototype for 1 s readout time 
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MIMOSIS-1, 60µm thick 

1
7

 m
m

 

31 mm 

MIMOSIS = a milestone for Higgs factories (5 m / 5 s) 
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