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Detector R&D Roadmap Panel
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Roadmap document(s)

● ECFA R&D Roadmap
• CERN-ESU-017
• 248 pages full text and 8 page synopsis

● Endorsed by ECFA and presented to CERN Council in December 2021

Roadmap identified: 
• General Strategic Recommendations (GSRs)
• Detector R&D Themes (DRDTs) per task-force topic
• Concrete R&D Tasks

https://cds.cern.ch/record/2784893
https://cds.cern.ch/record/2784893/files/Synopsis%20of%20the%20ECFA%20Detector%20R&D%20Roadmap.pdf
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Timescale of projects as approved by European Lab Director Group (LDG) 

Timescale of proposed future facilities
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Timescale of projects as approved by European Lab Director Group (LDG) 

guiding principle: project realisation must NOT be delayed by detectors

Timescale of proposed future facilities
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Detector R&D Themes
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Detector Community Themes

w/ key focus on inclusivity and diversity
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Generic Strategic Recommendations

GSR1- Supporting R&D facilities

GSR2- Engineering support for detector R&D

GSR3- Specific software for instrumentation

GSR4- International coordination and organisation of R&D activities

GSR5- Distributed R&D activities with centralised facilities

GSR6- Establish long-term strategic funding programmes

GSR7- Blue-sky R&D

GSR 8 - Attract, nurture, recognise and sustain the careers of R&D experts 

GSR 9 - Industrial partnerships

GSR 10 - Open Science
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Implementation
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Detector R&D Collaborations
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DRD Collaborations

● World-wide collaborations

● Built upon established detector R&D communities (RD50, RD51, Calice, Crystal Clear, ...)
as well as (proto-)colloaborations for present or proposed facilities

● As inclusive as possible

● Identify and/or develop synergies → minimise duplications / optimise resource utilisation

● Try to assure that nothing was left or fell out ...

● Huge programme with short-term, middle-term, long-term targets
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DRD Collaborations (2)

● Community-driven “resource-loaded” Work Packages (WPs) w/ dedicated (independent)
   funding lines

● Scientific organisation in Working Groups (Wgs): forum for sharing expertise and 
  identifying joint projects

● Common projects (in case): short-term blue-sky R&D or common tool development

     Each DRD independently formed & organised
                   → community-driven process
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Breakdown

Technology driven → gaseous detectors, liquid detectors, ... but calorimetry

→ calorimeters: big, complex systems with system issues

→ strong bidirectional relations with other DRDs
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DRD1 – Gaseous Detectors
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Gaseous Detectors (DRD1) – Large and diversified community
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ECFA Detector R&D Roadmap (TF1)
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R&D needs

●Most severe needs for hadr. coll.s 
(radiation hardness, rate, granularity, ...)

●e+e-: IBF (TPC), PID (dE/dx, dN/dx), low X0

●Search rare decays → high sensitivity TPCs

●Precise timing for TOF detectors

●General requirement: ecocompatible gases

●Exploit more and more MPGDs
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DRD1 organisation

Strategic R&D and long-term 
funding based on Work Packages

R&D framework 
based on Working 
Groups (scientific 
organisation)
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RD51 (2008-2023) – DRD1 forerunner

Seven working groups (WG) 
defined through set of tasks. 
Working-group convenors 
coordinate R&D tasks of 
respective working groups

Early list of RD51 Working Group convenors
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DRD1 Working Group tasks
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DRD-1 Working Groups

WG1: Technologies

WG2: Applications

WG3: Gas and material studies

WG4: Detector physics, simulations and sw tools

WG5: Electronics for gaseous detectors

WG6: Detector production

WG7: Common test facilities

WG8: Training and dissemination
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Examples of Working Group activities

(contributions at 1st DRD1 Collaboration Meeting)
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WG1 - Technologies
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WG5 - Electronics
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WG8 – Knowledge Transfer, Training, Career Promotion
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Work Packages
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Examples of Work Packages and 
interplay/synergies with Working Group activities
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WP1: Trackers/hodoscopes
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WP4: Tracking TPCs
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WP5: Calorimetry
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Some challenges for tracking ...

Drift chambers:
• high rate, unique volume, high granularity, low mass
• hydrocarbon-free gas mixture for long-term and high-rate 
operation
• prove cluster-counting principle
• wiring procedure, wire materials
• integration: accessibility for repairing

TPCs:
• R&D on detector sensor to suppress IBF ratio
• optimise IBF & energy resolution
• gain optimisation
• response uniformity
• gas mixture: stability, drift velocity, ion mobility, ageing
• influence of magnetic field on IBF
• high spatial resolution
• very low material budget (few %) but robust and stable mechanics
• integration: cooling
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Main drivers for muon systems
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DRD2 – Liquid Detectors
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Liquid Detectors – scientific landscape
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Liquid Detectors – scientific requirements
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Liquid Detectors – current ecosystem
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Many very hard channels:
light dark matter & CNB detectors!

R&D Roadmap for Liquid Detectors (DRD2)
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Liquid Detectors – proposed structure



39ASFAE 2024 – Alicante, 05.03.2024

WP2 – Light Readout
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DRD3 – Semiconductor Detectors
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Semiconductor Detectors (DRD3) – R&D needs 

●Some common requirements for tracking/vertexing:
•Precision
•Low material budget
•Low power consumption
•Large-area wafers

●Large-area wafers critical for calorimetry

●Ultra-fast timing critical for ToF measurement
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Semiconductor Detectors (DRD3) – R&D needs 
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Vertex Detector and Tracker – Requirements
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DRD3 Collaboration

As of yesterday:



45ASFAE 2024 – Alicante, 05.03.2024

DRD3 Structure
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DRD3 WGs and WPs
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DRD3 Research projects
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WG1 – Monolithic silicon sensors
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WG6 – Wide bandgap and innovative sensor materials
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DRD3 – Synergies with other DRDs
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DRD4 – Photodetectors and Particle ID
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DRD4 – Collaboration
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DRD4 – Structure

WPs are run like projects:
divided in tasks, have goals, 
milestones, deliverables, funding

WGs serve as scientific forums:
no agreed tasks, no committed 
resources
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DRD4 WG1 – Photodetectors
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DRD4 WG5 – SciFi and TR Detectors
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DRD4 WP1 – Solid-State Photodetectors
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DRD4 WP3 – RICH and Other Imaging Detectors
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DRD4 WG and WP activities
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DRD6 – Calorimetry
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DRD6 – Future facilities and DRDTs for calorimetry 

● DRDTs and (provisional) time scale of facilities set high-level boundary conditions 
● Both as well as GSRs should be taken into account when formulating R&D proposals

few details in next slides
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DRD6 – Calorimetry overview table

Project ~Earliest Start 
of data taking

Current Calorimeter options 

Solid state Scintilling 
tiles/strips

Crystals Fibre based r/o 
(including DR)

Gaseous Liquid Noble 
Gas

HL-LHC (>LS4) 2030 ✔ ✔

SuperKEKb 
(>2030)

2030 ✔

ILC 2035 ✔ ✔ ✔

CLIC 2045 ✔ ✔

CEPC 2035 ✔ ✔ ✔ ✔ ✔ ✔

FCC-ee 2045 ✔ ✔ ✔ ✔ ✔ ✔

EiC 2030 ✔ ✔ ✔

FCC-hh (eh) >2050 ✔ ✔ ✔

Muon Collider > 2050 ✔ ✔ ✔ ✔ ✔

Fixed target “continous” ✔ ✔ ✔ ✔

Neutrino Exp. 2030 ✔ (✔)

in most cases, final choices still to be made
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DRD6 – Identified key technologies and R&D tasks

● Key technologies and requirements
identified in roadmap

● Si based calorimeters
● Liquid Noble Gas calorimeters 
● Calorimeters based on gas detectors
● Scintillating tiles and strips 
● Crystal based high-resolution ECal.s
● Fibre-based dual readout

● R&D should in particular enable 
● Precision timing
● Radiation hardness
● High granularity

● R&D Tasks grouped into
● Must happen
● Important 
● Desirable
● Already met     

R&D Task

Technology DRDTs Experiment / Facility
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DRD6 – Reminder on today's “ecosystem” for calorimetry

● European projects such as AIDAinnova and EURO-Labs

● CERN EP-Programme

● Existing collaborations (LHC Experiments, Belle II, DUNE, NA62, KLEVER, ...)

● R&D Collaborations and communities (CALICE, FCAL, Crystal Clear, GranuLAr, CalVision, ...)

● Proto collaborations (ILD, SiD, CLICdp, FCC Detector with LAr, IDEA, EpIC, ...)

→ongoing DRD process must successfully integrate existing R&D activities
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DRD6 – Few common keywords from input proposals

High granularity → critical for PFA (but not only)

Timing resolution → critical for hadron colliders (but not only)

Hadronic energy resolution → critical for lepton colliders



65ASFAE 2024 – Alicante, 05.03.2024

DRD6 – Requirements for calorimetry at future colliders
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DRD6 Collaboration
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DRD6 Collaboration

131 Institutes
@ March 4th, 2024

 Mainly European Groups but interest from all over world (37%)
 US biggest single participation → close contact to emerging effort in US
 Very visible Asian participation
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Higgs Factory HL-LHC Future hadron coll. Muon Collider DM/BSM
0
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# Target Project

DRD6 – Target projects

 Higgs factories dominate → heavy-flavour physics programme often requires superb em energy resolutions

 Already now, orientation towards future hadron collider and muon collider
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DRD6 – Proposed structure

After input-proposal collection and feedback from CERN and DRDC:

*SPB also in charge for dissemination

Requested by CERN
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WP 1: Sandwich calorimeters with fully embedded electronics
» Task 1.1: Highly pixelised electromagnetic section (4 sub-tasks)
» Task 1.2: Hadronic section with optical tiles (2 sub-tasks)
» Task 1.3: Hadronic section with gaseous readout (3 sub-tasks)

WP 2:  Liquefied-noble-gas calorimeters

WP 3: Optical calorimeters: scintillating-based sampling and homogeneous calorimeters
» Task 3.1: Homogeneous and quasi-homogeneous EM calorimeters (3 sub-tasks)
» Task 3.2: Innovative sampling EM calorimeters (3 sub-tasks)
» Task 3.3: Hadronic sampling calorimeters (2 sub-tasks)
» Task 3.4: Materials (2 sub-tasks)

WP 4: Electronics and DAQ

DRD6 – Work Packages and Tasks
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DRD6 – WP1 Tasks  and Subtasks (→ Projects)
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DRD6 Task 1.1 - Highly pixelised e.m. section
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DRD6 – WP3 Tasks  and Subtasks (→ Projects)
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DRD6 Task 3.3 – (EM+) Hadronic Sampling Calorimeters
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DRD6 WP3 – Milestones and deliverables
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DRD6 WP4 – Electronics and DAQ

Diffferent calorimeter 
technology but similar 
challenges:

● # channels,
● Power budget (cooling?)
● Noise
● Data reduction
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DRD6 WP4 – Electronics and DAQ

 Avoid parallel developments
 Take CALICE as example

 ASICs needed for prototypes >2025/26 possibly produced in common MPW run serving more projects 
 ASICs should be available ~ one year before data taking at latest

→ common ASIC production: overarching goal of DRD Calo

 Evoke possibility to hook onto production for other large projects (EiC?)
 Agree on sharing among DRD Calo institutes and maybe with MPW runs in other DRDs

 Requires close communication with DRD3 and DRD7 (and maybe also DRD4)
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DRD6 Working Groups – general scope
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DRD6 Working Groups – Testbeams

Communication with operators

Overall planningGeneric equipment and tools

Beam line infrastructure
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Calorimetric beam tests → small experiment, quite common requirements:

wide energy range
several kinds of beam particles
beam purity and energy
beam instrumentation for time, position and PID
big moving tables for big detectors
magnetic field

coordination of beam requests
coordination of and support for data taking

→ dedicated calorimetry beamline (in dedicated time slots) ?

→ default facility: SPS

DRD6 Working Groups – Testbeams
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DRD6 – Interplay with other DRDs
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Conclusions

Following the EU particle physics strategy update and the ECFA detector R&D roadmap, 8 new 
collaborations have been formed:

• Bottom-up process with a worldwide participation
• Common basis
• Custom implementation (depending on community experience and story)
• Structure based on Work Packages (resource loaded) and Working Groups (NO resource load)
• All future facilities in the focus
• Setting up the collaboration NOW

Whoever would like to join, is welcome
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Backup
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Detector R&D Roadmap: General Strategic Recommendations
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Detector R&D Roadmap: General Strategic Recommendations
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Detector R&D Roadmap: General Strategic Recommendations
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DRD6 – Common issues – lot of room for collaboration

New active materials:
● Fast, high-density, low-cost, scintillating materials
● Fast and rad-hard WLS fibres

Sensors + FE elx:
● Low x-talk, low-noise, low-power budget
● High granularity → high integration → embedded FE elx
● High-precision timing → from O(100) ps down to O(10) ps
● Radiation hardness
● Si/GaAs sensors: high integration, very-front-end integration, sensor bonding
● CMOS sensors: MAPS, digital SiPMs
● Photosensor architecture: MCP-PMTs, SiPMs, LGADs, ..., 
● Photosensor performance: dynamic range, light yield, timing, UV sensitivity, ...
● ASICs: architecture, timing performance
● Components / connectors reliability
● High data rate → on-chip processing (DNN) for data selection and compression
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DRD6 – Common issues – lot of room for collaboration (2)

Mechanics / production issues:
● Low-material budget
● High mechanical precision
● Industrialisation, engineering, scalability → relation w/ industry
● High-density absorber (e.g. W) production → (e.g.) 3D-printing

Services:
● Cooling
● Powering and control
● Clock distribution for O(10) ps timing

Others:
● Beam test infrastructure, setup & DAQ software (EUDAQ)
● Beam line features + common beam requests
● MC samples → common benchmarks
● Software tools (DD4hep, EDM4hep, Key4hep, ...), event-data format (?)
● Test benches, but also ... PFA and dual readout

               add transversal package to cover overarching topics?
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DRD6 – External synergies

With respect to other DRDs:

● Gaseous Detectors (TF1) for hadron calorimetry
● Solid State Detectors (TF3) for CMOS sensors
● PID and Photon Detectors (TF4) for all optical readout calorimetry
● Electronics and On-detector Processing (TF7)
● Integration (TF8) for cooling

Other fields: above all, medical imaging
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DRD6 – Short-term applications

Several Phase-II and Phase-III HL-LHC upgrades:

CMS ECAL, LHCb ECal, ALICE FoCal

and also:
LUXE (XFEL), BELLE II ECal, EIC EEMCal

but ... all, except FoCal, EM calorimeters
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DRD6 – Short-term applications (2)

High-performance hadron calorimetry only relevant for future Higgs/EWK factories?

Only rate capability and radiation hardness look to matter for hadron colliders (not surprising)
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