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L’Apéro
Requirements for a Vertex Detector @ Lepton Colliders
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Challenges for Vertex Detectors @ Lepton Colliders

Material Budget

Position Resolution

Time Resolution

Power Consumption
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Silicon Detector Requirements at Lepton Colliders
● Precision measurements especially demanding on vertex & tracking detectors

• Momentum resolution  – large lever arm, minimum scattering

• Impact parameter resolution – high resolution, min. scattering, small radii

• Time resolution    – fast sensor response, large S/N

Lepton Colliders (HL-) LHC (ATLAS/CMS)

Material budget < 1% X0 10% X0

Single-point resolution ≤ 3 µm ~ 15µm

Time resolution ~ ps – ns 25ns

Granularity ≤ 25 µm x 25 µm 50µm x 50µm

Radiation tolerance < 1011 neq / cm2 O(1016 neq / cm2)

Duty cycle < 0.01 ‰ @ ~ms (linear) 100 % @ ~ns (circular) 100 % @ 25ns
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J. BaudotJ. Baudot

https://indico.desy.de/event/43834/contributions/165309/
https://indico.desy.de/event/43834/contributions/165309/
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L’Entreé
ECFA Detector R&D Roadmap & the DRD Collaborations
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Goal of the ECFA Detector R&D Roadmap

“The [European Strategy for Particle Physics update] calls upon 
ECFA to develop a global detector R&D roadmap that should be 

used to support proposals at the European and national levels. That 
roadmap aims to define the backbone of detector R&D required to 
deploy the community’s vision for both the near- and longer-term.”

ECFA Roadmap Document @ CDS

https://cds.cern.ch/record/2784893
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DRD3 Common Project Proposal

● Proposal submitted last year together with APC Paris, CERN, IPHC Strasbourg, UOxford, UZurich

● Development and evaluation of monolithic fine-pitch pixel sensors implemented in advanced CMOS imaging 
processes, targeting the LC requirements as outlined in the ECFA detector roadmap.

● Key development targets

•  ~3 µm single-point resolution, down to ~5 ns time resolution

• thinning to below 100 µm,

• average power consumption below 50 mW/cm2, 

• minimal inactive periphery area, and a sensor architecture scalable to a large-area detector system.

● Develop high-resolution beam-telescope sensors as an intermediate target in a first R&D phase.

“Fine-pitch CMOS pixel sensors with precision timing for 
vertex detectors at future Lepton-Collider experiments”

++Proposal text

https://indico.desy.de/event/43834/attachments/89080/119686/DRD%20proposal%20for%20lepton-collider%20CMOS%20development%20-%20v3%20-%2029-6-2023.pdf
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Le Plat Principal
The Lepton Collider Vertex Detector Workshop @ DESY
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Overview: Past & Current Projects

Results & Lessons Learned from
Detector R&D in 65nm CIS

https://indico.desy.de/event/43834

https://indico.desy.de/event/43834
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Requirements, Activities & Synergies 
with other Projects

Discussion & Brainstorming
(ASIC Concept, Project Structure)

https://indico.desy.de/event/43834

https://indico.desy.de/event/43834
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Highlights

D. Dannheim

A. Besson

A. Il
g

https://indico.desy.de/event/43834/contributions/166127/
https://indico.desy.de/event/43834/contributions/165306/
https://indico.desy.de/event/43834/contributions/166129/
https://indico.desy.de/event/43834/contributions/166129/
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Highlights – Current 65nm CIS Results

S. Ruiz Daza

https://indico.desy.de/event/43834/contributions/165308/
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Tangerine – 65nm CIS Prototypes @ DESY
S. Ruiz Daza, M. Del Rio Viera

APTS

H2M

https://indico.desy.de/event/43834/contributions/165308/
https://indico.desy.de/event/43834/contributions/165311/
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Tangerine – Simulation Toolkit for MAPS

+

H. Wennlöf, M. Del Rio Viera

Sim vs Data
MS Sim + SPICE

https://indico.desy.de/event/43834/contributions/165312/
https://indico.desy.de/event/43834/contributions/165311/
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Discussion & Brainstorming F. Morel

L. Huth

https://indico.desy.de/event/43834/contributions/165310/
https://indico.desy.de/event/43834/contributions/166130/
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Les Entremets de Fromage
Timeline & Structure of a Vertex Project
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J. Baudot

https://indico.desy.de/event/43834/contributions/165309/
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CMOS Sensors for Vertex Detectors @ Lepton Collider Experiments

WP1: Simulations WP2: ASIC Design
WP3: Data 
Acquisition

WP4: Testing & 
Characterization

WP5: System 
Demonstrator

Task 1: Sensor 
Optimization / TCAD

Task 1: Pixel Front-
End

Task 1: Caribou 2 
Development

Task 1: Summary of 
current 65nm 

Demonstrator Results

Task 1: Concept, 
Design of Mechanics 

& Cooling

Task 2: Detector 
Performance / Allpix 

Squared

Task 2: Matrix 
Architecture & 

Readout

Task 2: Demonstrator 
Preparation (SW, FW, 

PCB) 
Task 2: Lab 

Characterization, FE 
Optimization, 
Calibration

Task 2: Prototype 
Construction

Task 3: Physics 
Performance / 

Geometry 
Optimization

Task 3: Periphery, 
DACs & Slow Control

Task 3: Testbeam 
Characterization, 

Performance
Task 4: Transceivers & 

Readout
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Le Dessert
Summary & Outlook
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Summary 
● Requirements to a lepton collider vertex detector very demanding & not yet met 

in any detector prototype / technology demonstrator
● Formation of large-scale R&D collaborations to structure research towards 

achieving requirements of Lepton Collider detectors
● DESY strongly involved in technology exploration, proponent of DRD3 (Silicon) 

common project for vertex detector
● Called for first (informal) meeting to collect results & ideas, gauge interest & 

structure the project
● Now preparing “proto-project” proposal for DRD3
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