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The Great Questions in Fundamental Physics and the Detector 
Technologies to Address  them via the ECFA Detector Roadmap



iDMU-1-9-23  -- I. Shipsey 2We are very much in a data driven era for which we need new tools! 

Multiple theoretical
solutions – experiment
must guide the way

How do quarks and gluons give rise to the properties of nuclei
The mystery of the origin and engine of high energy cosmic particles



“New directions in science are launched by new tools 
much more often than by new concepts.

The effect of a concept-driven revolution is to explain old things in new 
ways. The effect of a tool-driven revolution is to discover new things that 

have to be explained”  (Freeman Dyson)
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“Measure what is measurable, and 
make measurable what is not so” (Galileo Galilei)
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Most recent European Strategies
the large … … the connec7on …

2017-2026 European 
Astropar5cle Physics Strategy

Long Range Plan 2017
Perspec5ves in Nuclear Physics
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2020 Update of the European 
Par5cle Physics Strategy
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Are community driven strategies outlining 
our ambition to address compelling open 
questions

Guidance for funding authorities to 
develop resource-loaded research 
programmes
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ECFA Detector R&D Roadmap

the update of the European Strategy for Particle Physics, recognizing the primacy of instrumentation, 
called on the community via ECFA to define a global detector R&D roadmap  

10.17181/CERN.XDPL.W2EX
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Technology Classification for the ECFA R&D Roadmap

GASEOUS NOBLE LIQUIDS SOLID STATE

QUANTUM CALORIMETER ELECTRONICS INFRASTRUCTURE

PHOTODETECTORS



• The technologies we develop are broadly applicable across PP NP and APP & synergistically developed

PhotonNeutrino

Proton

WIMP	Direct	DetecDon	Detector:	
2	Phase	Noble	TPC	

	•  G2:	LZ	and	XENON	1	Ton		
•  Xe	/	Ar	/	Ne	/	He	
•  Measures	both	IonizaDon	&	
ScinDllaDon	

•  Design	Drivers:	
– Minimize	Backgrounds	

•  intrinsically	clean	
•  self	shielding	
•  Electron	Recoil	/	Nuclear	Recoil	
DiscriminaDon	

–  Large	Exposure	
•  Big	AcDve	Volume	

–  Talks:	
•  T.	Shu'	
•  B.	Jones	
•  M.	Leyton	
•  Y.	Li	
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Our Technologies: synergy & broad applicability  



ECFA Detector R&D Roadmap

Process organised by 
Panel and nine Task 
Forces with input sessions 
and open symposia with 
wide community 
consultation (1359 
registrants)

ECFA Detector R&D 
Roadmap Panel web 
pages at: 
https://indico.cern.ch/
e/ECFADetectorRDR
oadmap
Documents CERN-
ESU-017: 
10.17181/CERN.XDP
L.W2EX

8 page
synopsis 
brochure 

250 pages 
main

Main Document 
published 
(approval by 
RECFA at 
19/11/21) and 8 
page synopsis 
brochure prepared 
for less specialised 
audience
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Detector R&D roadmap 
•Given the future physics programme, identify the main technology R&D to be met so that 

detectors ar not the limiting factor for the timeline. 

•Detector context considered: 
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•Full exploitation of LHC  
•Long baseline neutrinos 
•Detectors for future Higgs-EW-Top 

factories (in all manifestations) 
•Long term vision for 100 TeV 

hadron collider

•Future muon colliders 
•Accelerator setup for rare decays/dark 

matter 
•Experiments for precision QCD  
•Non accelerator experiments (reactor 

neutrinos, double beta decay, dark 
matter) 

https://indico.cern.ch/e/ECFADetectorRDRoadmap
https://indico.cern.ch/e/ECFADetectorRDRoadmap
https://indico.cern.ch/e/ECFADetectorRDRoadmap
http://dx.doi.org/10.17181/CERN.XDPL.W2EX
http://dx.doi.org/10.17181/CERN.XDPL.W2EX
https://indico.cern.ch/event/1085137/


I.Vivarelli - European R&D Roadmaps - IoP 2022 - 3-6 April 2022  

Structure of the document

14

•DRDTs define for each area the theme or 
R&D to be performed. 
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Roadmap Document Structure
Within each Task Force (one for each 
technology area + training) the aim is to propose 
a time ordered detector R&D programme by
Detector Research and Development Themes
(DRDT) in terms of capabilities not currently 
achievable.

Many themes too small to read!
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•DRDTs define for each area the theme or 
R&D to be performed. 
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Roadmap Document Structure
Within each Task Force the aim is to propose a 
time ordered detector R&D programme by
Detector Research and Development Themes
(DRDT) in terms of capabilities not currently 
achievable.



Gaseous detectors
• Detector Readiness 

Matrices of each Task 
Force chapter focus on 
the extent to which the 
R&D topic is mission 
critical to the programme 
rather than the intensity of 
R&D required
– Must happen or main 

physics goals cannot 
be met

– Important to meet 
physics goals

– Desirable to enhance 
physics reach

– R&D need being met
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Are ubiquitous 

Role: 

Experiments:

↓

↓

Metrics: ↓

& long in gestation



Steps toward a long term detector R&D program

2023

ECFA DRD proposals 

2020  

ESPP update
HEP strategic projects2019  

Granada Symposium
WGs and Physics Briefing Book 

2021  

ECFA detector R&D roadmap
TF & workshops community driven 

2024

DRD MoUs
collaborations active

10 Global Recommendations
GR4: international coordination & organization of R&D activities 

GR6: establish long term strategic funding program

Form international DRD collaborations 
hosted at CERN (CERN/SPC/1190) 

an accelerator R&D roadmap was also prepared in 2021 by the Laborartory Directors Group 15
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https://cds.cern.ch/record/2721370
https://indico.cern.ch/event/808335/timetable/?view=standard
https://cds.cern.ch/record/2691414/files/1910.11775.pdf
https://cds.cern.ch/record/2784893
https://indico.cern.ch/event/957057/page/20875-panel-members-and-task-forces
https://indico.cern.ch/event/1197445/contributions/5034860/attachments/2517863/4329123/spc-e-1190-c-e-3679-Implementation_Detector_Roadmap.pdf
https://cds.cern.ch/record/2800190
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EDP provides input on DRD proposals to the DRDC* in terms of roadmap priorities 
it follows up achievements and evolution from experiment concept groups for update of the rodmap

ECFA Detector Panel DRDC membership   

* through its co-chairs, appointed members in the DRDC or via topic-specific experts in the conduct of the DRDC reviews 17

Framework for DRD collaborations 
similar to general conditions for execution of experiments at CERN

with a dedicated Detector R&D review Committee and MoU with Funding Agencies
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https://ecfa-dp.desy.de/
https://committees.web.cern.ch/drdc
https://cds.cern.ch/record/2728154/files/General-Conditions_CERN_experiments.pdf
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Framework for DRD collaborations 
similar to general conditions for execution of experiments at CERN

with a dedicated Detector R&D review Committee and MoU with Funding Agencies

DRD collaborations aim to ensure that R&D readiness is not a primary project schedule driver
5 proposals and 2 LoIs submitted this month to DRDC

9 months preparation - community driven with workshops and calls for contributions
ECFA roadmap panel guidance and templates to prepare documentation

interim leadership: roadmap TF teams and leaders of current R&D programs 
CERN RD50 (rad. hard semiconductors), RD51 (MPGDs), RD42 (diamond), RD18 (crystals)*, CALICE, AIDAInnova…
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future experiments (including upgrades)
at large accelerator facilities

future experiments 1st , 2nd, 3rd generations 
small accelerators, nuclear reactors, cosmic rays

gaseous - solid state - photon and  PID - calorimeter liquid - quantum and emerging technologies

electronics and on-detector processing - integration - training and career

DRD areas were defined in the ECFA detector roadmap
mapping technology & systems R&D to needs of HEP strategic projects

range of strategic project dates are as understood in 2021 at the time of the roadmap preparation 20
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Execution programs consider links across DRDs and external
typical hierarchy is technology areas* - Work Packages - deliverables & milestones

needs/availability of irradiation & beam test facilities is being investigated in conjunction with LDG**

21

* can be technology elements entering several systems, specific system components and/or full systems depending on DRD area
** CEA/Irfu-France, CERN-EU, CIEMAT-Spain, DESY-Germany, IJCLab-France, LNF-Italy, LNGS-Italy, Nikhef-Netherlands, PSI-Switzerland, STFC/Daresbury-UK, STFC/RAL-UK
*** DRD8 still under discussion see slide 32
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Planning is dynamic 
driven by strategic project timelines and R&D progress

* Technology Readiness Level defined by NASA,, low TRL also often  referred as “blue sky” 

• Presently focusing on a 1st phase of 3 - 4 years, identifying decision points & transitions
• stepping stones earlier strategic programs
• iterations toward longer term goals: new technologies - new materials – ultimate radiation tolerance

• Synchronizing supply of components for prototypes across DRDs

• Considering low TRL* becoming strategic & timeline to enter specific experiment designs

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

ILC

ALICE-3, LHCb-2, ATLAS/CMS, EIC, BELLE-3

D
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2030

4 - 6 years
DM, neutrino, 0𝜈ββ, next & next to next experiment generations 

10 - 12 years

timelines beyond DRD phase vary with systems and project scales, other accelerator projects with less well defined timeline would also benefit from DRDs

DRD strategic R&D experiment design &         
system engineeringlow TRL production       

installation 
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https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level
https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level


DRD collaboration organization and resources
• Organization framework described in proposals 

• management, committees and Working Group structure
• building on WGs set-up in preparation of proposals
• including contact persons to other related DRD areas

• place/status of partners, industrial and from other fields

• Human resources and budget
• in public document

• list of institutes willing to contribute to various Technology Areas
• estimate of human and funding resources required to achieve the TA goals

• Confidential to DRDC to evaluate feasibility of the programs
• current level of human and funding resources expected to be available/prolongated 
• new resources being requested to achieve the strategic scope
• preliminary “money matrix” of potential funding per Funding Agency

Ø MoUs for 1st phase (3-4 years) will be prepared in 2024 for agreement with FAs
• resources are at this stage only those expected to be considered by Funding Agencies
• funding will remain within institutes supported by FAs
• an updating process to follow DRD progress and project timelines will be established by CERN

Ø Ramp-up of funding needs with time can be expected to access new technologies 
23
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Quantum and emerging technologies
• Quantum Technologies are a rapidly 

emerging area of technology development 
to study fundamental physics

• The ability to engineer quantum systems to 
improve on the measurement sensitivity 
holds great promise

• Many different sensor and technologies 
being investigated: clocks and clock 
networks, spin-based, superconducting, 
optomechanical sensors, 
atoms/molecules/ions, atom interferometry, 
…

• Several initiatives started at CERN, DESY, 
FNAL, US, UK, …  

Example: potential mass ranges that quantum sensing 
approaches open up for Axion searches & other light particles

S. Golawa

Axion mass range

Other 
experiments

ECFA 
Detector R&D 
Roadmap
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Blue: now
Light green: with quantum
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https://indico.cern.ch/event/1015866/
10.17181/CERN.XDPL.W2EX
10.17181/CERN.XDPL.W2EX
10.17181/CERN.XDPL.W2EX
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DRD5 Quantum Sensors and emerging technologies
Sensors with high sensitivity and precision, nano/meta/heterogenous materials
enabling new experimental concepts, so far applications in EDM, DM, neutrino, 0𝜈ββ searches,
fundamental forces, including gravity

Technology Areas
sensor families 

Implementation white paper/LoI
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https://doser.web.cern.ch/


* driver of the program at this stage rather than a sensor or project dedicated approach

• WP1: Network of atomic clocks and global sub-ns time stamping - portable reference

• WP2: Exotic systems in traps and beam 

• WP3: Cryogenic systems solid state superconducting materials - electronics - integration

• WP4: Theory 

• WP5: Scaling to larger systems preserving quantum properties

• WP6: Capability driven design 

DRD5: Quantum & emerging technologies
40 institutes in 15 countries, 25 proposed contributions

conveners: Marcel Demarteau, Michael Doser
White Paper / LoI being submitted to DRDC 

identify WPs suitable for community & collaborative effort building*

© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, OpenStreetMap, TomTom, Zenrin
Powered by Bing

Expressions of Interest 
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community meeting October 2-4

preliminary 
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https://indico.cern.ch/event/1214411/


https://doser.web.cern.ch
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Outlook   
Forming DRD collaborations raised strong interest in the international community

preparation of the scientific programs shows the interest of a global endeavor
to investigate best and cost-effective technical solutions for future HEP projects

Having DRD collaboration status similar to experiments is welcome
it values work in detector instrumentation and innovation

it provides mechanisms for the sustained funding needed to access & develop new technologies

Next step is to establish the DRD collaboration organization
forming the Collaboration Boards of institutes – new contributors are welcome
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