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DRD – Implementation of Detector R&D Roadmap –
approved by CERN Council September 2022 – coordinated by ECFA 

CPAD initiative – new detector research U.S. consortia –
presented @ BNL April P5 Town Hall
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EU Strategy è Accelerator/Detector R&D Roadmap
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European Strategy Update – June 19, 2020:     High-priority future initiatives [..]
In addition to the high field magnets the accelerator R&D roadmap could contain:

[..] an international design study for a muon collider, as it represents a unique opportunity to achieve a multi-TeV energy 
domain beyond the reach of e+e–colliders, and potentially within a more compact circular tunnel than for a hadron collider. 
The biggest challenge remains to produce an intense beam of cooled muons, but novel ideas are being explored.

The compelling physics reach justifies establishment of an international collaboration to develop fully 
the muon collider design study and to pursue R&D priorities, according to an agreed upon work plan.To facilitate implemention of the European Strategy LDG decided (July 2 2020) to:

Agree to start building the collaboration for international muon collider design study
è International Muon Collider Collaboration kick-off virtual meeting   

(>260 participants)   https://indico.cern.ch/event/930508/ July 3rd , 2020

CERN Laboratory Directors Group (LDG) established an Accelerator R&D roadmap 
to carry out R&D and construction and operation of demonstrators

Jean Pierre Delahaye (CERN), Marcella Diemoz (INFN-IT), 
Ken Long (Imperial College-UK), Bruno Mansoulie (IRFU-FR), 

Nadia Pastrone (INFN-IT) (chair), Lenny Rivkin (EPFL & PSI-CH), Daniel Schulte (CERN), 
Alexander Skrinsky (BINP-RU), Andrea Wulzer (EPFL & CERN-CH)

Muon Collider Working Group de facto it was the seed for a renewed 
international effort till 2020

https://indico.cern.ch/event/930508/


Priority: HL_LHC 
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Detector Requirements for a 
multi-TeV Muon Collider Experiment

Cost and power consumption drivers, limit energy reach
e.g. 30 km accelerator for 10/14 TeV, 10/14 km collider ring

Drives beam quality:
challenging design and components

Dense neutrino flux
mitigation and site 

Beam Induced 
Background

10+ TeV

completely new 

regime 
to explore!

Proton driver production as baseline 
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Detector overview

muon 
chambers

hadronic
calorimeter

electromagnetic
calorimeter

superconducting
solenoid (4T)

tracking system

shielding nozzles
(tungsten + borated 

polyethylene cladding) 

CLIC Detector technologies adopted with 
important tracker modifications to cope 
with Beam Induced Background 

Full simulation conceptual design @ 1.5 and 3 TeV
è More R&D on technologies required @ 10+ TeV

B = 3.57 T   to be 
studied and tuned
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under ECFA, on-going

2021 Accelerator R&D roadmapPhysics Briefing Book

2023 DRD collaboration
proposals2021Detector R&D roadmap

High-Field Magnets - Radiofrequency Structures –
Muon Beams - Energy Recovery Linacs -Plasma Acceleration 

under LDG, coordination formed
IMCC collaboration

https://cds.cern.ch/record/2800190
https://cds.cern.ch/record/2691414/files/1910.11775.pdf
https://cds.cern.ch/record/2784893


ECFA detector R&D roadmap goal
establish needs to fulfil strategic programs identified by the ESPP update

FCC-hh (-eh-PbPb-ePb)FCC-ee
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Snowmass future collider planning schedule
planninpreparation – construction - physics - ee, hh, μμ
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Detector R&D Roadmap

https://cds.cern.ch/record/2721370


1 MeV 𝑛!"
fluence/year @ 3 TeV

TID/year  
@ 3 TeV
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Unique lattice – MDI – Beam Induced Background

The machine elements, 
MDI and interaction region 

must be properly designed and optimized
@ each collider energy   



Detector Research and Development – DRD 
international collaborations anchored at CERN: 

implementation  
ECFA Detector R&D Roadmap

Full document
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https://indico.cern.ch/event/957057/
10.17181/CERN.XDPL.W2EX


ECFA Detector Panel 
Members



Snowmass process è P5 Town Hall 
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Instrumentation Frontier Topical Groups 
Input documents:
• DOE Detector R&D BRN Report 
• 2021 ECFA Detector R&D Roadmap
Summary Report: arXiv:2209.14111

A strong need for much increased technology 
development, in preparation for the next big step 

in facilities and experiments while we exploit 
the ones we are currently developing/building 

https://arxiv.org/abs/arXiv:2209.14111


Snowmass process è P5 Town Hall 
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U.S. Detector R&D – CPAD
Coordinating Panel for Advanced Detectors 

§ Develop and maintain the critical and 
diverse technical workforce 

§ Double the US Detector R&D budget 
over the next five years, and modify 
existing funding models to enable R&D 
consortia along critical key technologies 
for the planned long-term science 
projects, sustaining the support for such 
collaborations for the needed duration 
and scale. 

Marina Artuso Syracuse University 
@ P5 Town Hall Meeting BNL April 12, 2023 

https://indico.bnl.gov/event/18372/
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ECFA detector R&D content

10 General Recommendations to achieve outlined goals, two about execution 
GR4: international coordination and organization of R&D activities 

ensure red dots are fulfilled and orange achieved to the best by the program need-dates

GR6: establish long term strategic funding program
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ball park performance targets needs/benefits for physics reach   detector R&D Themes 
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https://cds.cern.ch/record/2784893?ln=fr


Detector Research and Development – DRD 

• DRD3 – Solid State Detectors << == RD50-42
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Detector overview

muon 
chambers

hadronic
calorimeter

electromagnetic
calorimeter

superconducting
solenoid (4T)

tracking system

shielding nozzles
(tungsten + borated 

polyethylene cladding) 

• DRD1 – Gaseous Detectors  <<==   RD5

• DRD4 – Photon Detectors and PID

• DRD6 – Calorimetry 

• DRD7 – Electronics and On-detector Processing      <<==   RD53

• (DRD8 – Integration) è not implemented – includes MDI – detector magnet   
• (DRD9 – Training) è included in others / Starting

• DRD2 – Liquid Detectors 

• DRD5 – Quantum 
and Emerging Technologies 



Update
ECFA roadmap

≤ 5
≤ 0.05
min possible
≈ 0.5 
TBD best
≤ 0.03
≈ 0.1/y
≈ 0.1/y
7 tran / 90 long
0.2 total tracker
min possible
0.02
TBD best
≤ 0.06
≈ 0.01/y
≈ 0.001/y
< 0.2 arr / < 0.1 integ
≈ 0.05/y
≈ 0.0001/y

TOF not yet 
considered

Last reference paper: 
Towards a Muon Collider

• 200 days/year   
• collision rate 100 

kHz 
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arxiv:2303.08533
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Proposal to implement the roadmap GR4 and GR6 approved by CERN Council Sep. 2022

form DRD international collaborations anchored at CERN with a status similar to experiments: 
DRDC scientific review committee*, Funding Agency MoU agreements, Resources Review Board

DRD proposals to DRDC end-July 2023**, collaborations active Jan. 2024, MoUs prepared/signed by FAs in 2024 

DRDC being formed

EDP hosted at DESY : interface to 
experiments, vetting scope, goals 
& milestones, acting as expert 
members in DRDC 

TFx/DRDx are areas identified by the roadmap 
a coordination panel for training (TF9/DRD9)

* Review frequency will de defined by the DRDC, it could typically be every 2 years
** TF7/DRD7 and TF5/DRD5 only LoI in July, full proposal end-2023 /beginning 2024, TF8/DRD8 possibly a forum under discussion 18

https://indico.cern.ch/event/1172215/
https://ecfa-dp.desy.de/


Timeline considerations for DRD planning 
when technical solutions must be handled to strategic projects*

Physics start
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DRD strategic R&D 

”Blue sky” low Technology Readines Level continuous R&D process

Experiment design & 
system engineering

Production 
and installation 

2027

2048

2035

12 years

2037 2040

2028

4 - 5 years

3 + 6 + 3 years

3 + 6 + 3 years

7 - 8 years3 - 4 years

CLIC/FCC-ee
Muon Collider

ILC/CCC

ALICE-3, LHCb-2, ATLAS/CMS, EIC, BELLE-3, 
stepping stones and also CEPC current planning

* ballpark timelines for future colliders, smaller scale projects mostly upgrades of existing experiments with fixed LS4 timeline for HL-LHC 
19



Topical considerations to establish DRD planning
interplay between DRDs

direct the community contributions to Work Packages and resources in proper DRD(s) 

* LNF - Italy, STFC/Daresbury - UK, CIEMAT - DESY, Germany, STFC/RAL - UK , LNGS - Italy, F.CEA/Irfu – France, IJCLab – France, Nikhef - Netherlands, PSI - Switzerland

*
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DRD proposals scientific content 

programs will evolve* with experiment requirements & R&D progress including blue sky growing TRL

* In relation with review process cycles

1st period typically 3-4 years 
targeting stepping stone programs (slide 8) 

technology Work Packages planning
deliverables - milestones 
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toward longer term strategic projects 

not contractual ex. Monolithic CMOS DRD3.1

transverse activities planning
simulation/characterization tools, beam test facilities, 
industrial partnership, dissemination & networking
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DRD1 Gaseous Detectors program 
& community building status

conveners: Anna Colaleo, Leszek Ropelewski, 292 people registered

Organized in 8 working groups to develop the R&D program
• WG1 : technologies MPGDs, RPC, Wires, TPC, DCH
• WG2 : applications muon tracking and triggering, Central Tracking with PID, Photon 

Detection, ToF,  High Granularity Calorimetry, TPC for rare event searches
• WG3 : gas and material studies
• WG5 : electronic components 
• WG6 : detector production 
• WG7 : common test facilities
• WG8 : training and dissemination

Detailed survey in each WG to assess community interests
• 74 contributions presented at 1st community meeting

Planning of technology Work Packages (deliverable/milestones)
• on-going mapping of needs and aspirations of the community

Discussion of collaboration structure on-going
• proper arrangement of technology and transverse activities

DRD1 proposal draft at 2nd community meeting

Geographical distribution

Colors indicative of Technology areas versus transverse activities 22

https://indico.cern.ch/event/1214405/
https://indico.cern.ch/event/1245751/timetable/
https://indico.cern.ch/event/1273991


DRD3 Solid State Detectors program 
& community building status

conveners: Nicolo Cartiglia, Giulio Pellegrini, 484 people registered 

Organized in 8 working groups to develop the R&D program
• WG1 : Monolithic CMOS sensors
• WG2 : sensors for tracking and calorimetry (Hybrid, LGADs)
• WG3 : radiation damage and ultrahigh fluence
• WG5 : characterization techniques, facilities
• WG6 : non silicon based detectors
• WG7 : Interconnect and device fabrication
• WG8 : dissemination and outreach

Survey to assess community interests
• 88 contributions presented at 1st community meeting

Planning of technology Work Packages (deliverable/milestones)
• on-going mapping of needs and aspirations of the community

DRD3 proposal draft beginning of June

Predominance of CMOS(MAPS) Geographical distribution
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https://indico.cern.ch/event/1214410/
https://indico.cern.ch/event/1214410/timetable/


6

DRD4 Photon Detectors and PID program 
& community building status
conveners: Peter Krizan, Christian Joram, 217 people registered

4 Technology areas identified in coordination meeting
• WG1 : photodetector (SiPM, SPADs, PMT/MCP-PMT, Gas)
• WG2 : particle ID (RICH/DIRC/TOP,TORCH/ToF)
• WG3 : technologies (radiators, optical elements,  readout, cooling, 

software)
• WG4 : emerging technologies (novel materials and concepts…)

Survey to assess community interests
• 40 contributions

Planning of technology Work Packages (deliverable/milestones)
• 1st community meeting this week 16 – 17 May

DRD4 proposal draft end-June WG1

WG2
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https://indico.cern.ch/event/1214407/
https://indico.cern.ch/event/1263731/


DRD6 Calorimetry program 
& community building status
conveners: Roberto Ferrari, Roman Pöschl, 232 people registered

Organized in 4 working groups to develop the R&D program (1st community meeting)
• WG1 : full integrated sampling calorimeters
• WG2 : liquified Noble Gas calorimeters
• WG3 : optical calorimeters
• WG4 : transverse activities

Survey to assess community interests
• 23 contributions, 110 institutes, presented at 2nd community meeting

Planning of technology Work Packages (deliverable/milestones)
• on-going mapping of needs and aspirations of the community

DRD6 proposal draft beginning of June

WG2 WG3 WG1 WG4

Institutes per country

Institutes per proposal
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https://indico.cern.ch/event/1213733/
https://indico.cern.ch/event/1212696/
https://indico.cern.ch/event/1212696/


DRD7 electronics and on-detector processing program 
& community building status
conveners: Francois Vasey, Dave Newbold, 183 people registered

Technology areas identified at 1st community workshop
• WG1 : data density and power efficiency 
• WG2 : intelligence on the detector 
• WG3 : 4D and 5D techniques 
• WG4 : extreme environments
• WG5 : backend systems and cots
• WG6 : complex imaging ASICs and technologies
• WG7 : provision access to tools and technologies (vendors)

Interaction with other DRDs 
• DRDs provide specification, planning, production and characterisation of prototypes with relevant RH and funding
• DRD7 review specifications and designs, develop and provision common IP, components, and subsystems, deliver common, 

generic, complete components / systems, when big or complex 

Work organisation proposal being investigated 
• Tiered/platform structure of competences (with appropriate sharing of human resources with other DRDs)

Next steps
• May-June collect expressions of interest in specific projects, define common plans and interface to other DRDs
• July DRD7 LoI indicating broad scope, composition and resource needs scale
• September 2nd community workshop to discuss Work Packages
• December proposal submitted to DRDC including resources

organization proposal
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https://indico.cern.ch/event/1214423/
https://indico.cern.ch/event/1214423/timetable/
https://indico.cern.ch/event/1270324/contributions/5335654/attachments/2619395/4528429/Organisation%20of%20DRD7%20and%20interaction%20with%20other%20DRDs%20V5%20(1).pdf
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Step forward - synergies

ü A lot of work to discuss proposals, organize strategic R&D, 
mantaing resources for blue-sky R&D

ü Different level of maturity in each DRD

ü The milestones will be shared so each institute can still commit for contributions

ü Needed existing/missing infrastructures are under survey at 
DRD and institutes/national laboratories level

ü Strong synergies among present upgrading and future projects to be exploited 
for R&D on common technologies

Thanks to Didier Contardo for the discussions and slides



* Presentation of K. Jakobs at the SPSC on Sept. 27, 2022 (private communication)

Overall process and timeline to form 
the DRD collaborations*
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DRD proposals resources and organization structure
demonstrate programs can reasonably be achieved 

Public documents will contain:
• list of institutes willing to contribute to each WP
• scale of human and funding resources required to achieve each WP 
• management, committees and working group organization

Confidential material on resources in support of programs will be submitted to the DRDC 
• sum of resources (HR and funding) currently expected to be available 
• sum of new strategic resources sought
• initial money matrix of contributions per Funding Agency 

It is expected that institutes will have entered into negotiations with their Funding Agency 
to ensure that the assumptions on additional strategic support can be considered 

(although not guaranteed before MoU 1st agreements*)

• it is foreseen that MoUs will be regularly updated as the R&D programs evolve 
(with a frequency to be agreed between CERN and Fas)

29
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Plans for training (TF9)

* Presentation of K. Jakobs (ECFA Chair) at the SPSC on Sept. 27, 2022 (private communication) 30
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* ex. current CERN RD which mandate end end-2023 and will become part of the new wider scope DRD collaborations:
RD51 (MPGDs) in TF1/DRD1, RD50 (radiation hard semiconductors) & RD42 (diamond) in TF3/DRD3, RD18 (crystals) in TF4/DRD4 and 

TF6/DRD6
** Subscription to follow the process and to contribute at the links 

DRD collaboration proposal preparation 
under ECFA roadmap panel (slide 3), with TF experts and existing program conveners*

• TF1/DRD1 Gaseous Detectors https://indico.cern.ch/event/1214405/
• TF2/DRD2 Liquid Detectors https://indico.cern.ch/event/1214404/
• TF3/DRD3 Solid State Detectors https://indico.cern.ch/event/1214410/
• TF4/DRD4 Photon Detectors and PID https://indico.cern.ch/event/1214407/
• TF5/DRD5 Quantum and Emerging Technologies https://indico.cern.ch/event/1214411/
• TF6/DRD6 Calorimetry https://indico.cern.ch/event/1213733/
• TF7/DRD7 Electronics and On-detector Processing https://indico.cern.ch/event/1214423/
• TF8/DRD8 Integration https://indico.cern.ch/event/1214428/
• TF9/DRD9 Training https://indico.cern.ch/event/1214429/

Wide consultation with the community**, workshops & surveys to establish program & contributions
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https://indico.cern.ch/event/1214405/
https://indico.cern.ch/event/1214404/
https://indico.cern.ch/event/1214410/
https://indico.cern.ch/event/1214407/
https://indico.cern.ch/event/1214411/
https://indico.cern.ch/event/1213733/
https://indico.cern.ch/event/1214423/
https://indico.cern.ch/event/1214428/
https://indico.cern.ch/event/1214429/


DRD2 Liquid Detectors program 
& community building status

conveners: Roxanne Guenette, Jocelyn Rebecca Monroe, Ian Shipsey, 168 people registered

WG1 WG2 WG3 WG4

W
Ps

Technology areas identified in coordination meeting
• WG1 : charge readout
• WG2 : light readout
• WG3 : target properties
• WG4 : scaling-up 

Planning of technology Work Packages
• 1st community meeting 

Survey to assess community interests and WP 
deliverables/milestones on-going
DRD2 proposal draft early-June
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https://indico.cern.ch/event/1214404/
https://indico.cern.ch/event/1214404/timetable/


DRD5 Quantum and emerging technologies program 
& community building status

conveners: Michael Doser, Marcel Demarteau, Ian Shipsey, 164 people registered  

Proposal to organize WGs define in expert workshop Apr. 
• WG1 : clocks, clock networks
• WG2 : kinetic detector
• WG3 : superconducting spin based sensors
• WG4 : optomechanical sensors
• WG5 : atoms, molecules, ions, interferometry
• WG6 : meta materials 0-1-2D materials

Next steps 
• circulate minutes of workshop with seeds of Work Package
• circulate white paper to organise WGs
• July submit LoI to DRDC with initial projects and resource needs scale
• September 1st community meeting to tune WP proposal
• January 2024 submit proposal to DRDC
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https://indico.cern.ch/event/1214411/


extras
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ECFA detector R&D roadmap preparation
9 Task Forces organizing wide consultation of the community* through questionnaires and symposia**

6 areas mapping technologies, detector systems 
and strategic programs  

3 transverse areas

* Nuclear Physics and AstroParticle (including Gravitational Wave) not considered in the roadmap, but NuPPEC and ApPEC invited to follow the process, also joint 
ECFA - NuPECC - ApPEC seminars in 2019 - 2022 to develop common instrumental projects
** great source of information on requirements for future experimental programs and State or the Art detector R&D, also US CPAD workshop 2022 35

https://indico.cern.ch/event/957057/program
https://jenas-2019.ijclab.in2p3.fr/
https://indico.cern.ch/event/1040535/timetable/?view=standard_numbered
https://www.stonybrook.edu/cfns/cpad2022/index.html
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ECFA Detector R&D roadmap recommendations
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ECFA Detector R&D roadmap recommendations
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ECFA Detector R&D roadmap recommendations

38



11

ECFA Detector R&D roadmap recommendations
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