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FROM ESPPU 2020  TO ECFA 2021 Detector R&D Roadmap

ESPPU 2020: The community should define a global detector 

R&D roadmap that should be used to support proposals at the 

European and national levels.

ECFA 2021: released Full Roadmap (200 pages) and synopsis 

(~10 pages) based on a community-driven effort:
DOI: 10.17181/CERN.XDPL.W2EX

V Overview of Future facilities (EIC, ILC, CLIC, FCC-ee/hh, Muon 

collider) or major upgrades (ALICE, Belle-II, LHC-b,é) and their 

timelines

V Ten ñGeneral Strategic Recommendationsò 

V Nine Technology domains with Task Forces (TF) areas

Å The most urgent R&D topics in each TF area 

are identified by Detector Readiness Matrix

Å Detector R&D Themes (DRDTs) were 

formulated as high-level deliverables Both were used to define projects & deliverables

in DRD collaboration proposals



FROM ECFA R&D Roadmap  TO DRD Collaborations (I)

Implementation: aproved by CERN Council in fall 2022 

CERN/SPC/1190 ; CERN/3679
CERN will host DRD collaborations:

ṜDRDôs interface to CERN through DRDC Review Committeee

Ṝ DRDôsinterface to ECFA via ECFA Detector Panel (EDP) 

Distinction between reviewing (DRDC) and advising (EDP) bodies:

ṜDRDC reviews DRDôs collaboration progress, monitor milestones & 

deliverables, and reports to CERN Research Board

Ṝ EDP monitors ECFA Detector R&D Roadmap, and provides input to the next 

Strategy update

DRDCEDP



Early 2023: Collected input from the communities in open meetings 

Fall 2023: Submission of DRD proposals & Review by the DRDC Committee

Approval of DRD collaborations by CERN Research Board

(initial period of 3 years; annual review by DRDC committee)

ṜDRD1, DRD2, DRD4 & DRD6 in Dec. 2023

Ṝ DRD3, DRD5 & DRD7 in Jun. 2024

Ṝ DRD8 in Dec. 2024

D. Contardo

FROM ECFA R&D Roadmap  TO DRD Collaborations (II)

ñDRD 

Ecosystemò :

coordination 

across DRDôs

(e.g. DRDôs 

liaisons)  planning 

and relation to 

external partners 

are part of the 

framework

2024: DRD managers forum (under EDP and DRDC) with contacts 

across DRDs (provide a forum for communications and discussions of common issues) 



DRD Collaborations Should Cover ñStrategic R&Dò

DRDôsshould address strategic R&D (TRL 3-7) bridging the gap between the ñblue-skyò R&D  

(TRL 1-2) and before experiment- specific engineering takes over (TRL 8-9)

× DRD ñstrategic aimò provide affordable technological solutions

to timely address & fulfill project performance requirements

× Backed up by ñstrategic fundingò, agreed with funding agencies
Technology Readiness

Levels (TRL):

Covers the development and maturing of technologies, e.g.

ï Iterating through different options

ï Improving radiation hardness

ï Scaling up challenges: detector area, number of chan./layers,..

A healthy environment in detector instrum. is more than ñstrategic R&Dò:

Å ñBlue-skyò and Generic R&D (funded by national & EU programs) as 

an integral part of the R&D portfolio in DRDôs

Å Systems engineering  to be integrated in R&D efforts 



DRDôs Scientific Program & Organization (e.g. DRD1): 

Detector Research and Development Themes
Detector Challenges for Future Facilities : 

Detectors Readiness Matrix

R&D critical needs matrix

sub-systems ïprojects

Defined by physics reach:

2023 - 2024 : DRD implementation 

Management (Spokesperson, CB,  RB) & Scientific

(based on WG  & WP6) Structures are in-place:

Å Working Groups: serving as the backbone of R&D

Å Work Packages: resource-loaded; reflect the DRDTs

× Strategic funding to be agreed with FAôs / institutes via 

WPôs in MoU  annexes (milestones, tasks & deliverables)

× Several  DRDs ask for a fixed yearly fee (Common Fund

in MoU) targeting common community developments 

2025 ï2026: MoU; WP Endorsement

Å Core MoUôs has to be signed (DRD1 already 

started in 2025; other DRDôs in 2026)

Å Endorsement of Work Packages by FAôs



DRDôs Core MoU & Strategic WP Funding (e.g. DRD1):

First Phase of DRD1 (Core MoU):

ÅDRD1 MoU final version distributed 

for signature in Jul. 2025:

Ąmore 45 institutes already signed     

Ą initiate pooling of resources in 

support of common activities 

Ą 2026 budget approved by CB/RB

DRD1 Work Package Endorsement Procedure:

- Key aspects of the procedure: Scientific and Resources Approval 

- Define a clear time flow, timeline and simplify the collection of the 
required information using common templates

Second Phase of DRD1 (ñStrategic R&Dò, MoU WP Annexes): 

ÅDRD collaborations do not bring funding ñab initioò in core MoU

ÅOnly resource-loaded Work Packages described in MoU Annexes 

will be backed up by funding agencies and needs to be endorsed;



ECFA R&D Roadmap : 10 General Strategic Recommendations

DRD Collaborations: 

Formulated in the ECFA Detector Roadmap as ten òaction itemsò

Å International coordination & organization 

of R&D activities (GSR 4)

Å Distributed R&D activities with 

centralized facilities (GSR 5)  Ą ongoing

Å Establish long-term strategic funding 

programs (GSR 6) Ą ongoing

Å Support ñBlue-skyò R&D (GSR 7) Ą

ongoing

Still needs to be addressed:

Å Supporting R&D facilities: test beams, large-scale prototyping, irradiation (GSR 1)

Å Engineering support for detector R&D (GSR 2)

Å Specific software for instrumentation (GSR 3)

Å Attract, nurture, recognize, and sustain the careers of R&D experts (GSR 8)

Å Establish and maintain Industrial partnerships (GSR 9)

Å Support Open Science (GSR 10)



DRDôs at 

a Glance 

& 

Project

Timelines

Å Project Timelines for 

ñSmaller Experimentsò

ï DM and Neutrino

Å Project timelines for ñLarge experimentsò 

ï synchronized with LHC schedule

D. Contardo

T. Bergauer



DRDôs at a Glance & Started To Fill with Life

× Transversal activities (no service provider, but with genuine R&D interest)

Å DRD7: Electronics: 64 Institutes / 20 countries

Å DRD8: Mechanics & Integration: 38 institutes

Å TF9 Ą ECFA Training Panel

× Completely new (community building, and finding benefit of being ñCERN hostedò):

Å DRD2: Liquid Detectors: 86 institutes / 205 members

Å DRD4: Photodetectors & PID: 65 institutes / 20 countries

Å DRD5: Quantum Sensors and emerging technologies: 112 involved groups

× Based on previous R&D collaborations: 

Å DRD1: Gaseous detectors (based on RD51): 161 institutes / 700++ people

Å DRD3: Semiconductor Detectors (previously RD42, RD50): 145 institutions / 700++ 

people

Å DRD6: Calorimetry (CALICE, other proto-experiment collabs.): 135 institutes

8 DRD collaborations have been approved to work on strategic R&D for an initial 

period of 3 years (extendable) with different histories and ñmaturity levelsò:

Transverse DRD5, DRD7, DRD8 can (specifically) address lower TRL, including access 

to commercial technologies, not yet available to HEP



DRDôs Status in the US and Asia

661 contributions  

from institutes in 

46 countries*

- summed over 

DRD1, DRD2, 

DRD3, DRD4, 

DRD6 & DRD7

(to be updated 

after MoU sign.):

Å 418 ïEurope

Å 121- North 

America

Å 75 - Asia

D. Contardo, 2023 ICFA seminar

US HEP/NP community has been engaging broadly in the process on defining 

and shaping scientific program of he DRD  collaborations:

Ąofficial US participating in DRDôs (MoU) is pending, subject to US-CERN ñumbrella 

agreementò

Å Higgs Factory Steering Committee 

proposes organizational structure for 

the pre-project detector R&D scope

Å US Snowmass process recommended 

creating Detector R&D (RDCs) 
collaborations, organized by CPAD

https://indico.fnal.gov/event/67484/contributions/310852/attachments/187113/257962/US-FCC-WEEK-FNAL.pdf


Scientific Highlights of the DRD Collaborations

DRD Jamboree with Funding

Agencies (Oct. 29, 2025):

https://indico.cern.ch/event/1552124/

5th DRDC Meeting (Feb. 24, 2025):

6th DRDC Meeting (Nov. 4, 2025):

https://indico.cern.ch/event/1485320/

https://indico.cern.ch/event/1527817/

Å DRD Reports (Open DRDC meetings): https://indico.cern.ch/event/1356910/

Å DRD Collaborations Indico - ñExperiments / R&Dò: https://indico.cern.ch/category/6805/

Å Full DRD proposals in CERN CDS: 

https://cds.cern.ch/search?cc=DRDC+Public+Documents&sc=1&p=594__%3A%22Proposal%22



R&D Challenges:

Å High rates: reduce ion back drift

Å Reduce aging and radiation hardness

Å Fast Timing: Multi-Gap RPCs: achieved ~60ps 

time resolution (ALICE TOF Detector, Z.Liu, NIM 

A927 (2019) 396), Micromegas with timing 

(PICOSEC concept): 25ps

Å Eco-friendly gas mixtures: with lower Global 

Warming Potential (GWP): 92% of CERN 

emissions related to LHC experiments 

Å Common readout system SRS for MPGDs, 

Beyond HEP

DRD1: Gaseous Detectors https://drd1.web.cern.ch

× DRD1 have been (successfully) proactive so far; MoU signage ongoing; WP approval starting 

× Boost DRD1 Research Activities Ąmany in the pipeline, subject to available resources

DRD1 is arranged in 8 WGs & 9 WPs: 

Å Seamless integration of all gaseous detector 

technologies into single collaborative effort 

(MWPC/Drift/TPC/MPGD/RPC, é)

Å Primary choice for large-area coverage with low 

material budget & dE/dx & ToF functionality

- Several Higgs Factory concepts use gas 

detectors for the main tracker & muon systems



DRD2: Liquid Detectors 

Å Covers Dark Matter, Neutrino and 0vßß exp.

both accelerator and non-accelerator-based 

Å Underground Dark Matter Experiments ï

small and rare signals 

DRD2 Structure is arranged in 3 WGs & 4 WPs: 

R&D for multi-ton scale noble liquids:

ï Target doping and purification

ï Detector radiopurity & background mitigation

ï Lower energy thresholds

ï Efficient and fast cryogenic photodetectors Ą

Increase of light yield and background reduction

× DRD2 has catalyzed new partnerships and joint proposals across countries

× Strong, distributed collaboration; progress achieved by leveraging existing resources 

× MoU waiting for CERN feedback; Dedicated funding now essential for faster, targeted R&D 

DRD2 WPs:

https://drd2.web.cern.ch

Technology: Noble Liquids (e.g. DUNE), Water 

Cherenkov (e.g. Super/Hyper-K) & Liquid

Scintillator with light and ionization readout



DRD3: Solid-State Detectors https://drd3.web.cern.ch

Å CMOS Monolithic Active Pixel sensors (MAPS): 

ï Sensor development becomes mixed-mode chip 

development, 

ï Challenges: access to foundries, engineering 

workforce

ï Most advanced developments (ALICE) not strongly 

involved in DRD3, though

Å 4D Tracking/ToF: Timing using Low Gain 

Avalanche Detectors (LGAD)

ï Timing performance ~ 25 ps, but 

radiation hardness limited 

Å Extreme Radiation hardness: 3D 

sensors, wide bandgap sensors, e.g. SiC, 

GaN and Diamond

ï Activities from RD50 heritage, and for 

longer-term R&D towards FCC-hh

Å Interconnection technologies

R&D Path for DRD3: G. Kramberger

DRD3 Structure is arranged in 8 WGs & 4 WPs:

Focus widened from pure radiation hardness (RD50, 

HL-LHC upg.) to Higgs Factories needs Ą large 

interest in CMOS (DMAPS) sensors (low mass  / high 

precision (~0.1% X0 ) /layer/3µm res)

× DRD3 is (largely) fully functional collaboration with MoU in the last phases of preparation

× Running 12 projects (not all projects  fully assured finances ïmost critical is prototype runs)



DRD4:  Photodetectors & Particle ID

ÅDevelopments on PMTs, MCP-PMTs, SiPMs, SciFi

ÅApplications in Ring Imaging Cherenkov Detectors 

(RICH), Time-of-Flight (ToF), TRD and tracking (SciFi)

Multi-channel plate PMTs:

ÅComsol simulation package  

ÅE.g. Hybrid detector with Medipix4 readout

Silicon Photomultipliers (SiPMs): Array of APD/SPADs

ÅMany developments, i.e. backside illuminated, integration 

with CMOS electronics

Å Industry interest: telecommunications, automotive (LIDAR 

with ToF), with commercial availability (e.g. Broadcom, FBK)

Array of Rich Cells (ARC) : Compact RICH for a Higgs Factory

× Many collaboration-wide efforts (PhotDet. Compendium, standart. charact. procedures, etc é)

× MoU is ready; DRD4 success depends from ability of groups to grow & find necessary resources

DRD4 Structure is arranged in 6 WGs & 5 WPs

(connection to almost every other DRDs - gas, 

Si, CALO, electronics, SiPM at cryogenic T): 

Å Photon detection: improve QE, single-photon 

detection, high speed, low dark rate, rad. hardness, 

T-stabilized and/or cryogenic environment

Å Particle identification (PID): pion/photon and 

hadron separation over various momentum ranges 

https://drd4.web.cern.ch



Quantum Sensing is a rapidly emerging area 

with potential for particle physics:

Å Driven by non-accelerator exp.: gravitational 

Waves, Axion, DM detection on shorter-term

Å Some ideas for colliders on the longer term

DRD5: synergy with NuPPEC and APPEC:

Å Novel materials, kinetic detectors, spin-

based, superconducting, optomechanical 

sensors, atoms/molecules/ions, 

interferometry, é

Å Scaling up challenge: single Ą multi-channel 

Å HEP-relevant topics: e.g. quantum dots in 

ñchromaticò calo, nanowires in luminometers

Å Many small-scale setups so far. Now first 

considerations for common infrastructure 

Å First beam-tests with quantum dots and 

nano/microwires

DRD5:  Quantum & Emerging Technologies

DRD5 Structure is arranged in 6 WPs

(targeting a lower TRL than the other DRDs)

× Formation of a global multi quantum-technology community; identify major common challenges

× Support by FAôs at  institute & national level for projects that are relevant to DRD5ôs global view

https://drd5.web.cern.ch



Many technologies developments from other DRDs

ÅSandwich calorimeters with fully embedded electronics 
and CMOS MAPS, SiPM or gas-detector readout

ÅLiquified Noble Gas: ALLEGRO detector concept (lAr
with lead) 

ÅOptical calorimeters, homogeneous EM with scintillators 
(BGO, LYSO,..) and SiPM or MCP-PMT readout

ÅElectronics and DAQ: sophisticated FE chip developments 

Overarching goals: 

ÅDual Readout Calorimetry to mitigate different response 
of EM and hadronic showers 

ÅParticle Flow to improve jet energy resolution

Challenges:

ÅHigh pixelisation, 4ˊ hermetic -> little room for services

ÅLarge and challenging prototypes even in early stages. 
What can be done with simulations?

#108

DRD6 (DRD Calo) : Calorimetry https://drdcalo.web.cern.ch/

DRD calo Structure is arranged in 5 WGs & 4 WPs

R&D in calorimetry has a particularly long lead -time ;

- Suited for modern algorithms: particle flow, ML techniques

- New: 5D calorimetry (energy, 3D position, time)

× DRD Calo strategic R&D for future colliders ongoing (all WP are active) (partially new efforts, 

partially capitalising on existing activities, heavy use of test-beams); MoU Close to final



Modern technologies offer tremendous opportunities:

Å Transmission speed @100 Gbit/s and beyond

Å Extremely high integration density

Å Very high-performance FPGAs

Å Advanced packaging technologies

Complexity & cost associated to the use also increase

DRD7 prioritizes low TRLs that can have disruptive and 
far reaching goals:

ïSilicon photonics transceivers, power distribution, 
wireless data transmission and power, interconnect.

ïIntelligence on the Front-End: e-FPGA and RISC-V 
SoC

ï4D and 5D techniques in large detector systems

ïCOTS and no-backend solutions, i.e. directly from 
FE to DAQ

ïHigh Performance ADCs and TDCs and time 
distribution

ïExtreme environments: low noise, cryogenic and 
radiation-hard electronics

ïShared access and hubs to selected imaging 
technologies and 3D integration

DRD7:  Electronics

DRD7 Structure is organized in 6 Projects 

& 1 transversal WG (tools and simulations)
Does not act as a òservice providerò for other DRDs

× DRD7 has begun to address microelectronics challenges through structured collaboration, 

where resources, expertise, & legal frameworks are managed collectively  (MoU close to final)

https://drd7.web.cern.ch



Å DRD8 structure  is arranged in 4 WPs

ï Emerged from the annual ñForum on Tracker 

Mechanicsò (well-functioning regular networking)

DRD8:  Mechanics & Integration

Å Advanced materials and structures for vertex detectors: 

ï Mechanics for curved sensors, Thin beam pipe, 

Retractable det., MDI, Low-mass hardware, alignment

ï Characterization of Material properties & database

Å Cooling: Airflow, Evaporative CO2 and new fluids 

(Krypton), Microchannel cooling in Si, Cooling tubes 

welding and material investigations

Å Robots and Virtual reality to simulate/remote control 

access in restricted areas

Å Software tools to connect engineering design with 

physics simulation (e.g. connect GEANT4 with CAD)

Å New challenges for mechanics and cooling:

ï Requirements: high granularity and power density, 

ultra-low material budget for tracking 

ï Technologies: curved/titled sensors, retractable 

detectors, new coolants, low-mass alignment 

systems, novel materials & manufacturing tech.

× Focus on a limited number of core projects that promise significant progress in technology 

× DRD8 MoU is in advanced stage; additional funding is needed to carry out the full R&D program

https://drd8.web.cern.ch


