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https://indico.cern.ch/e/ECFADetectorRDRoadmap  

“Organised by ECFA, a roadmap 
should be developed by the 
community to balance the 
detector R&D efforts in Europe, 
taking into account progress 
with emerging technologies in 
adjacent fields” *  

“The community should define a 
global detector R&D  roadmap 
that should be used to support 
proposals at the European and 
national levels” *  
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Roadmap Organisation 

* 2020 European Particle Physics Strategy Update 

 https://europeanstrategyupdate.web.cern.ch/ 

ECFA Detector R&D Roadmap Panel web pages at:  
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Organisation 

Website: 

https://indico.cern.ch

/e/ECFADetectorRD

Roadmap  

 

Sep 2020 

Structure in place 

with Detector R&D 

Roadmap Panel 

Expert & Community 

Consultation 

March-May 2021 

Open Symposia 

Drafting Roadmap & Feedback 

July 2021 

Near final 

draft shared 

with RECFA* 

August 2021 

Collect final 

community 

feedback* 

30 July 2021 

Presentation at 

Joint ECFA-EPS 

session Dec 2020 

Task Forces active 

Task Forces liaise 

with experts in 

• ECFA countries 

• adjacent disciplines 

• industry 

Feb/March 2021 

Questionnaires of Task 

Forces to national contacts 

Feb 2021 

Collection of requirements 

of future facilities & projects 

May 2020 

EPPSU mandate to 

ECFA to develop a 

roadmap for detector 

R&D efforts in Europe   

May 2021 

Task Forces collate input from symposia 

25-28 May 2021       Drafting sessions 

• opening session with all experts involved 

• plenary & parallel sessions with Task Force members 

• final session of Roadmap Panel 
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*community feedback via Restricted ECFA delegates and National Contacts          
.( See https://ecfa.web.cern.ch/restricted-ecfa-composition in back-up) 

Process and Timeline 

ECFA Detector R&D Roadmap 

October 2021 

Detector R&D Roadmap Document approval by ECFA 

in Nov 2021 and presentation to Council in Dec 2021 

29 October 2021 
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Detector R&D Roadmap 

Process Group 
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Process and Timeline 

ECFA Detector R&D Roadmap 

  Speaker Presentation Topic 
1 Chris Parkes Detector R&D requirements for HL-LHC 

2 Luciano Musa Detector R&D requirements for strong interaction experiments at future colliders 

3 Johannes Bernhard Detector R&D requirements for strong interaction experiments at future colliders 

4 Frank Simon Detector R&D requirements for future linear high energy e+e- machines 

5 Mogens Dam Detector R&D requirements for future circular high energy e+e- machines 

6 Martin Aleksa Detector R&D requirements for future high-energy hadron colliders 

7 Nadia Pastrone Detector R&D requirements for muon colliders 

8 Marzio Nessi Detector R&D requirements for future short and long baseline neutrino experiments 

9 Maarten De Jong Detector R&D requirements for future astro-particle neutrino experiments 

10 Laura Baudis Detector R&D requirements for future dark matter experiments 

11 Cristina Lazzeroni Detector R&D requirements for future rare decay processes experiments 

12 Alexandre Obertelli Detector R&D requirements for future low energy experiments 

Input Session speakers provided detailed specifications and continued giving support for the process 

… particularly for checking if there were any unmet detector R&D needs for the ESPP 
identified programme which may have been overlooked in the symposia programmes. 
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Process and Timeline 

ECFA Detector R&D Roadmap 

Materials from past Symposia, Input Sessions and other 
components of the ECFA Detector R&D Roadmap Process can be 
found at https://indico.cern.ch/e/ECFADetectorRDRoadmap  

Two days of Input Sessions covered all the future facilities and 
topic areas identified in the EPPSU (see back-up). 
Following these were nine technology focussed  full-day public 
symposia as the main fora to collect community input. 
 
 
 
 
 
 
 

Common registration for the symposia had logged 1359 
participants by the end of the last one.  

Received extensive feedback during symposia and after by email.  

Surveys were also employed to receive direct inputs from 
individuals and via RECFA delegates or their National Contacts. 

APOD appointed experts consulted where needed by Task Force 
convenors for advice on developments in their disciplines. 

Task 

Force 
TF7 TF8 TF2 TF5 TF3 TF1 TF9 TF4 TF6 

Dates 25/3/21 31/3/21 9/4/21 12/4/21 23/4/21 29/4/21 30/4/21 6/5/21 7/5/21 

Unique 

users 

369 + 123 

(webcast) 

154 + 17 

(webcast) 

197 + 5 

(webcast) 
220 504 339 105 207 201 

Max. 

number of 

concurrent 

viewers 

230 + 123 

(webcast) 

76 + 17 

(webcast) 

130 + 5 

(webcast) 
100 275 191 59 110 115 

29 October 2021 

https://indico.cern.ch/e/ECFADetectorRDRoadmap
https://indico.cern.ch/e/ECFADetectorRDRoadmap


Detector R&D Roadmap 

• The sections start from the principle that for the earliest feasible start dates of a proposed facility (including 
those which are still considered in the EPPSU, but would be mutually exclusive): 

• the basic detector R&D phase is not the time limiting step, i.e. that R&D is started sufficiently early and 
prioritised correctly to meet the needs of the long-term European particle physics programme in its 
global context;  

• the outcomes of the R&D programme are able to provide the necessary information on the feasibility 
and cost of future deliverables to allow such decisions to be made. 

• The relevant Task Forces have then identified a set of detector R&D areas which are required if the physics 
programmes of experiments at these facilities are not to be compromised. 

• It is also noted that in many cases, the programme for a nearer-term facility helps enable the technologies 
needed for more demanding specifications later,  providing stepping stones towards these. 

• In the text there are developed and defined “Detector R&D Themes” (DRDTs) to highlight the most 
important drivers for research in each technology area. 

• We also defined Detector Community Themes in the context of the training area (TF9). 

• These are represented graphically in the figures later in this presentation and are identified by arrows lasting 
up to the last currently identified facility for which they are relevant. 
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The dates used for the above are shown in this diagram have deliberate low precision, and are intended to represent 
the earliest ‘feasible start date’ (where a schedule is not already defined), taking into account the necessary steps of 
approval, development and construction for machine and civil engineering. They do not constitute any form of plan or 
recommendation, and indeed several options presented are mutually exclusive. Fine-tuning of time-ordering iterating 
with the Laboratories Directors Group responsible for the Accelerator R&D Roadmap preparation. Furthermore, the 
projects mentioned here are limited to those mentioned in the EPPSU, although it should be noted that detector R&D 
for other possible future facilities is usually aligned with that for programmes already listed. 

Figure 3. Large Accelerator Based Facility/Experiment Earliest Feasible Start Dates 

Detector R&D Roadmap 
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Detector R&D Roadmap 

Figure 4. (Representative*) Smaller Accelerator and Non-Accelerator Based Experiments Start Dates  

In the ECFA Detector R&D Roadmap the focus has been on facilities targeting the properties and interactions of fundamental 
particles (including those that are undiscovered but theoretically motivated). It is noted that a number of particles increasingly 
play the role of cosmic messengers for phenomena happening far beyond our own galaxy which provides some of the exciting 
science opportunities in the neighbouring field of astroparticle physics, but the demanding detector requirements specific to 
this area are not generally within the scope of this document.  
Throughout the document these figures inform the development of the Detector R&D Roadmap with a view to set concrete 
target timelines for the readiness of the recommended R&D thematic programmes emerging in each Task Force and 
summarized in the conclusion chapter. 

*community feedback via RECFA delegates and National Contacts 9 ECFA Detector R&D Roadmap 

*Not intended at all to 
be an exhaustive list 
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• It should be emphasised 
that the future beyond the 
end of the arrows is simply 
not yet defined, not that 
there is an expectation 
that R&D for the further 
future beyond that point           
will not be needed. 

Detector R&D Roadmap 
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• Stepping stones are shown to 
represent the R&D needs of 
facilities intermediate in time. 

 

• The faded region acknowledges the typical time 
needed between the completion of the R&D phase 
and the readiness of an experiment at a given facility. 
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• Stepping stones are shown to 
represent the R&D needs of 
facilities intermediate in time. 

 

• The faded region acknowledges the typical time 
needed between the completion of the R&D phase 
and the readiness of an experiment at a given facility. 

• It should be emphasised 
that the future beyond the 
end of the arrows is simply 
not yet defined, not that 
there is an expectation 
that R&D for the further 
future beyond that point           
will not be needed. 
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• Stepping stones are shown to 
represent the R&D needs of 
facilities intermediate in time. 

 

• The faded region acknowledges the typical time 
needed between the completion of the R&D phase 
and the readiness of an experiment at a given facility. 

• It should be emphasised 
that the future beyond the 
end of the arrows is simply 
not yet defined, not that 
there is an expectation 
that R&D for the further 
future beyond that point           
will not be needed. 

* 

* See “Results of the 2021 ECFA 
Early-Career Researcher Survey 
on Training in Instrumentation” 
ECFA ECR Panel arXiv:2107.05739 
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Detector R&D Roadmap 

In addition to the Detector R&D Themes described above and discussed in each chapter the following 
General Strategic Recommendations  are made under the following headings. 

 

GSR 1  -   Supporting R&D facilities 

GSR 2  -   Engineering support for detector R&D 

GSR 3  -   Specific software for instrumentation 

GSR 4  -   International coordination and organisation of R&D activities 

GSR 5  -   Distributed R&D activities with centralised facilities 

GSR 6  -   Establish long-term strategic funding programmes 

GSR 7  -   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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Detector R&D Roadmap 
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GSR 1 - Supporting R&D facilities 
 It is recommended that the structures to provide Europe-wide  coordinated infrastructure in the areas of: test beams, large scale generic 
prototyping and irradiation be consolidated and enhanced to meet the needs of next generation experiments with adequate centralised 
investment to avoid less cost-effective, more widely distributed, solutions, and to maintain a network structure for existing distributed 
facilities, e.g. for irradiation 
 

GSR 2 - Engineering support for detector R&D 
 In response to ever more integrated detector concepts, requiring holistic design approaches and large component counts, the R&D should be 
supported with adequate mechanical and electronics engineering resources, to bring in expertise in state-of-the-art microelectronics as well as 
advanced materials and manufacturing techniques, to tackle generic integration challenges, and to maintain scalability of production and 
quality control from the earliest stages.  
 

 GSR 3 - Specific software for instrumentation 
Across DRDTs and through adequate capital investments, the availability to the community of state-of-the-art R&D-specific software packages 
must be maintained and continuously updated. The expert development of these packages - for core software frameworks, but also for 
commonly used simulation and reconstruction tools -  should continue to be highly recognised and valued and the community effort to 
support these needs to be organised at a European level.  
 

 GSR 4 - International coordination and organisation of R&D activities 
With a view to creating a vibrant ecosystem for R&D, connecting and involving all partners, there is a need to refresh the CERN RD programme 
structure and encourage new programmes for next generation detectors, where CERN and the other national laboratories can assist as major 
catalysers for these. It is also recommended to revisit and streamline the process of creating and reviewing these programmes, with an 
extended framework to help share the associated load and increase involvement, while enhancing the visibility of the detector R&D 
community and easing communication with neighbouring disciplines, for example in cooperation with the ICFA Instrumentation Panel. 

29 October 2021 



Detector R&D Roadmap 
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GSR 5 - Distributed R&D activities with centralised facilities 
 Establish in the relevant R&D areas a distributed yet connected and supportive tier-ed system for R&D efforts across Europe. Keeping in 
mind the growing complexity, the specialisation required, the learning curve and the increased cost, consider more focused investment for 
those themes where leverage can be reached through centralisation at large institutions, while addressing the challenge that distributed 
resources remain accessible to researchers across Europe and through them also be available to help provide enhanced training 
opportunities.  
 
GSR 6 - Establish long-term strategic funding programmes 
Establish, additional to short-term funding programmes for the early proof of principle phase of R&D, also long-term strategic funding 
programmes to sustain both research and development of the multi-decade DRDTs in order for the technology to mature and to be able to 
deliver the experimental requirements. Beyond capital investments of single funding agencies, international collaboration and support at 
the EU level should be established. In general, the cost for R&D has increased, which further strengthens the vital need to make concerted 
investments.  
 
GSR 7 – “Blue-sky”  R&D 
 It is essential that adequate resources be provided to support more speculative R&D which can be riskier in terms of immediate benefits 
but can bring significant and potentially transformational returns if successful both to particle physics: unlocking new physics may only be 
possible by unlocking novel technologies in instrumentation, and to society. Innovative instrumentation research is one of the defining 
characteristics of the field of particle physics. “Blue-sky”  developments in particle physics have often been of broader application and had 
immense societal benefit. Examples include: the development of the World Wide Web, Magnetic Resonance Imaging, Positron Emission 
Tomography and X-ray imaging for photon science. 
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GSR 8 - Attract, nurture, recognise and sustain the careers of R&D experts 
 Innovation in instrumentation is essential to make progress in particle physics, and R&D experts are essential for innovation. It is 
recommended that ECFA, with the involvement and support of its Detector R&D Panel, continues the study of  recognition  with a view to 
consolidate the route to an adequate number of positions with a sustained career in instrumentation R&D to realise the strategic aspirations 
expressed in the EPPSU. It is suggested that ECFA should explore mechanisms to develop concrete proposals in this area and to find 
mechanisms to follow up on these in terms of their implementation. Consideration needs to be given to creating sufficiently attractive 
remuneration packages to retain those with key skills which typically command much higher salaries outside academic research. It should be 
emphasised that, in parallel, society benefits from the training particle physics provides because the knowledge and skills acquired are in high 
demand by industries in high-technology economies.  
 
GSR 9 - Industrial partnerships 
It is recommended to identify promising areas for close collaboration between academic and industrial partners, to create international 
frameworks for exchange on academic and industrial trends, drivers and needs, and to establish strategic and resources-loaded cooperation 
schemes on a European scale to intensify the collaboration with industry, in particular for developments in solid state sensors and micro-
electronics.  
 
 GSR 10 – Open Science 
It is recommended that the concept of Open Science be explicitly supported in the context of instrumentation, taking account of the 
constraints of commercial confidentiality where these apply due to partnerships with industry. Specifically, for publicly-funded research the 
default, wherever possible, should be open access publication of results and it is proposed that the Sponsoring Consortium for Open Access 
Publishing in Particle Physics (SCOAP3 ) should explore ensuring similar access is available to instrumentation journals (including for conference 
proceedings) as to other particle physics publications. 
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Conclusions 

• The ECFA Detector R&D Roadmap has been prepared by a large team of internationally recognised 
leaders in this area with access to a much wider pool of other instrumentation experts.  

 
•  It has been the product of wide community consultation with very broad participation. 

 
• The draft document was iterated with the RECFA delegates and National Contacts with numerous 

helpful comments received from committees looking at this in a number of countries.  
 

• We also have benefited from very valuable feedback from neighbouring disciplines where there are 
strong synergies between instrumentation needs.   
 

• The main messages contained here were presented to the particle physics community at the ECFA 
Plenary Session of the EPS-HEP2021 Conference and remain unchanged. 
 

• The results of all the feedback have been implemented in a final 248 page version which was 
further iterated with RECFA and will be formally presented to ECFA for approval, while being sent 
for printing to allow paper copies (along with an additional non-expert 8 page synopsis) to be 
presented to CERN Council in December, after which these will become publicly available. 
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Detailed ECFA Timeline 

• Draft circulated to RECFA, National Contacts and ECR on 2nd July with deadline for comments on 16th July 

• Comments received from many of the RECFA members, observers and appointed National Contacts for the 
ECFA Detector R&D Roadmap process.   

• Overwhelmingly positive and a number of countries had also organised a careful reading of the full draft with 
many detailed comments to each section - which were very helpful and have been implemented. 

• A number of more general comments were discussed in greater detail on 21st July with a special sub-panel 
composed of RECFA members with reports back to RECFA and also to Plenary ECFA on 22nd July. 

• The main messages contained here were presented to the particle physics community on 30th July at the ECFA 
Plenary Session of the EPS-HEP2021 Conference. 

• The document will need formal approval from ECFA on 19th November and will be presented as printed copies 
to CERN Council on 10th December. 

• In parallel we have prepared  an 8 page “synopsis” to accompany this, summarising the main conclusions which 
has been prepared with CERN IR-ECO in a more accessible language and style. 

• Currently the 8 page document is printed and will be made available with the main document as both paper 
copies and pdf versions. 

• The main document has been sent for printing on 25th October and final formatting of the pdf is being 
completed with a view to all materials being public once they have first been presented to CERN Council. 
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European Particle Physics Strategy Update 
“Main report: “Recent initiatives with a view towards strategic R&D on detectors are being taken by CERN’s                                            

EP department and by the ECFA detector R&D panel, supported by EU-funded programmes such as AIDA                               

and ATTRACT.  Coordination of R&D activities is critical to maximise the scientific outcomes of these activities                      

and to make the most efficient use of resources; as such, there is a clear need to strengthen existing R&D                         

collaborative structures, and to create new ones, to address future experimental challenges of the field beyond                                

the HL-LHC. Organised by ECFA, a roadmap should be developed by the community to balance the detector R&D efforts 

in Europe, taking into account progress with emerging technologies in adjacent fields.” 

 

Deliberation document:  “Detector R&D programmes and associated infrastructures should be supported at CERN, 

national institutes, laboratories and universities. Synergies between the needs of different scientific fields and industry 

should be identified and exploited to boost efficiency in the development process and increase opportunities for more 

technology transfer benefiting society at large. Collaborative platforms and consortia must be adequately supported to 

provide coherence in these R&D activities. The community should define a global detector R&D  roadmap that should 

be used to support proposals at the European and national levels." 

Extracted from the documents of 2020 EPPSU, https://europeanstrategyupdate.web.cern.ch/ 

 

For previous presentations see Plenary ECFA: Jorgen D’Hondt (https://indico.cern.ch/event/933318/), Susanne Kuehn 

(https://indico.cern.ch/event/966397/) and Phil Allport (https://indico.desy.de/event/28202/)    
 

More roadmap process details at: https://indico.cern.ch/e/ECFADetectorRDRoadmap  

Detector R&D Roadmap 
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Restricted ECFA  
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https://ecfa.web.cern.ch/restricted-ecfa  
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https://indico.cern.ch/event/957057/page/21633-mandate (Panel Mandate document) 

 

https://indico.cern.ch/event/957057/page/21653-relevant-documents 

 

https://home.cern/resources/brochure/cern/european-strategy-particle-physics 

 

https://arxiv.org/abs/1910.11775 (Briefing Book) 

 

https://science.osti.gov/-

/media/hep/pdf/Reports/2020/DOE_Basic_Research_Needs_Study_on_High_Energy_Physics.pdf  

 

https://ep-dep.web.cern.ch/rd-experimental-technologies (CERN EP R&D) 

 

https://aidainnova.web.cern.ch (linking research infrastructures in detector development and testing) 

 

https://attract-eu.com/ (ATTRACT: linking to industry on detection and imaging technologies) 

 
https://ecfa-dp.desy.de/public_documents/ (Some useful documents from the ECFA Detector Panel) 

 Links for Roadmap Process 
(https://indico.cern.ch/e/ECFADetectorRDRoadmap) 
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Advisory Panel with  

Other Disciplines 

APPEC: Astro-Particle Physics European Consortium   
ESA: European Space Agency 
LEAPS: League of European Accelerator-based Photon Sources  
LENS: League of advanced European Neutron Sources  
NuPECC: Nuclear Physics European Collaboration Committee 

Named contacts for each 
TF where appropriate 
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*community feedback via Restricted ECFA delegates and National Contacts          
.( See https://ecfa.web.cern.ch/restricted-ecfa-composition in back-up) 

October 2021 

Detector R&D Roadmap Document approval by ECFA 

in Nov 2021 and presentation to Council in Dec 2021 

Organisation 

Website: 

https://indico.cern.ch

/e/ECFADetectorRD

Roadmap  

 

Sep 2020 

Structure in place 

with Detector R&D 

Roadmap Panel 

Expert & Community 

Consultation 

March-May 2021 

Open Symposia 

Drafting Roadmap & Feedback 

30 July 2021 

Presentation at 

Joint ECFA-EPS 

session Dec 2020 

Task Forces active 

Task Forces liaise 

with experts in 

• ECFA countries 

• adjacent disciplines 

• industry 

Feb/March 2021 

Questionnaires of Task 

Forces to national contacts 

Feb 2021 

Collection of requirements 

of future facilities & projects 

May 2020 

EPPSU mandate to 

ECFA to develop a 

roadmap for detector 

R&D efforts in Europe   
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Process and Timeline 

ECFA Detector R&D Roadmap 

25-28 May 2021       Drafting sessions 

• opening session with all experts involved 

• plenary & parallel sessions with Task Force members 

• final session of Roadmap Panel 

May 2021 

Task Forces collate input from symposia 

Drafting Roadmap & Feedback 

August 2021 

Collect final 

community 

feedback* 

July 2021 

Near final 

draft shared 

with RECFA* 
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Organisation 

Website: 

https://indico.cern.ch

/e/ECFADetectorRD

Roadmap  

 

Sep 2020 

Structure in place 

with Detector R&D 

Roadmap Panel 

Expert & Community 

Consultation 

March-May 2021 

Open Symposia 

Drafting Roadmap & Feedback 

August 2021 

Collect final 

community 

feedback* 

30 July 2021 

Presentation at 

Joint ECFA-EPS 

session Dec 2020 

Task Forces active 

Task Forces liaise 

with experts in 

• ECFA countries 

• adjacent disciplines 

• industry 

Feb/March 2021 

Questionnaires of Task 

Forces to national contacts 

Feb 2021 

Collection of requirements 

of future facilities & projects 

May 2020 

EPPSU mandate to 

ECFA to develop a 

roadmap for detector 

R&D efforts in Europe   
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