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HSTD13 -- 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 Nuclear Physics (NP)and Astro Particle Physics 
(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

10HSTD13 -- I. Shipsey
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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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Structure of the document

14

•DRDTs define for each area the theme or 
R&D to be performed. 

HSTD13 -- I. Shipsey 12

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

14HSTD13 -- I. Shipsey

Are ubiquitous 

Role: 

Experiments:

↓

↓

Metrics: ↓

& long in gestation



ECFA Detector R&D Roadmap Approval  & Implementation 
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Roadmap was approved by Plenary ECFA in Nov. 2021

10 General Strategic Recommendations
GSR4: international coordination & organization of R&D activities 

GSR6: establish long term strategic funding program

ECFA implementation proposal to form DRD 
collaborations hosted at CERN 

was endorsed by Council Sep. 2022
1 DRD for each technology led by the same large 

team that wrote the corresponding  technology R&D 
plan in the RoadmapP. Allport chair - ex-officio ICFA-IIDP chair I. Shipsey

HSTD13 -- I. Shipsey

https://cds.cern.ch/record/2784893
https://indico.cern.ch/event/1197445/contributions/5034860/attachments/2517863/4329123/spc-e-1190-c-e-3679-Implementation_Detector_Roadmap.pdf
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ECFA Detector Research & Development (DRD) Collaborations



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 
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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

HSTD13 -- I. Shipsey

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

https://ecfa-dp.desy.de/
https://committees.web.cern.ch/drdc
https://cds.cern.ch/record/2728154/files/General-Conditions_CERN_experiments.pdf


ECFA Detector Panel DRDC membership   
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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
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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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From ECFA Task forces and RD collaborations to DRD collaborations 
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https://committees.web.cern.ch



HSTD13 -- I. Shipsey 25

https://committees.web.cern.ch/drdc
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….was earlier today!
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Memorandum of Understanding 
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Status of Proposed DRD Collaborations 



Context of HEP projects for Detector Research & Development
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Planning of projects is for physics start at the time of the roadmap, end of strategic R&D must consider project engin., constr. and instal. time  

upgrades and future large 
accelerators projects

small accelerators, nuclear reactors, cosmic rays
second and third generation of experiments

DRD7 electronics and on-detector processing - DRD8 integration (?) - Training Panel

DRD1
gaseous

DRD3
solid state 

DRD4
photon & PID

DRD6
calorimeter

DRD2
liquid

DRD5
quantum & emerging techno.
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DRD1: Gaseous Detectors 



HSTD13 -- I. Shipsey 39

DRD2: Liquid detectors 
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• DRD2 is divided in four WPs

Number of institutions by nation Number of institutions by WPDRD2: Liquid detectors 
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DRD3: Semiconductor Detectors 
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MCMOS LGAD/3D rad. tol. new mat. 3D integ.
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DRD4: Photodetectors & Particle ID 

Liq
ui
ds
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DRD4: Photodetectors & Particle ID 
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DRD6 Calorimetry 



DRD5 : Quantum sensors and emerging technologies
• Quantum Technologies are a rapidly 

emerging area of technology development 
to study fundamental physics: Dark Matter, 
neutrino mass, gravity, new forces, EDMs

• 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, Japan, India…  

• Development of HEP detectors long term 
• Nano/meta/heterogenous

materials

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

HSTD13 -- I. Shipsey

Blue: now
Light green: with quantum

50

From ECFA
Roadmap

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  Collaboration 

A workshop to prepare the proposal for 
submission by year end to place Oct. 2-4 

Technology areas
sensor families



DRD7: Electronic systems
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Letter of Intent exists  full 
proposal by end of  year

• Advance the state-of-the-art in performance of electronics and data processing 
• Improve and develop further common standards, methodologies, and IP
• Build expertise, increase efficiency and decrease duplication of effort
• Provide facilities and tools for R&D in the community, with long-term continuity
• Common point of contact to foundries

• Photonics
• powering
• wireless

• eFPGA
• RISC-V
• virt. elec.

• ultra-low     
power ADC       
& TDC

• Calibration
• timing  

disribution

• rad. tol. of 
adv. nodes

• cyro. PDK
• cooling

• cots, tools 
& IP

• no BE from 
FE to DAQ

• access to
techno. & IPs

• access to 3D 
integration

16 projects received 
from 50 institutes in 18 

countries

Six (Seven) Development areas 
(WPs) 50 Institutes, 18 nations 
Steering committee: J. Baudot, 
M. French, A. Rivetti, 
F. Simon, F. Vasey 
+ 20 WP coordinators 
1st workshop happened
March, 2nd workshop 
25-27 September 2023 

https://indico.cern.ch/event/1318635/timetable/
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Task Force 8: Integration 
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566 institutes sum of 
participating insitutes 
in DRD1-2-3-4-6 (intstitutes 
can contribute to different 
DRDs) 

FTE/y available/additional funding/y available/additional (MCHF)
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number of contributions per countryNorth Am.
(115)

Asia
(69)

Other
(38)

Europe 
(344)

Expected FTE/y & funding/y
≃ average over 3 first years
available ≃ current funding 

additional ≃ requested to fulfil progr. 
based on a survey 

(non-uniform  answers from institutes)
not a commitment

need consolidation for MoUs

Summary of contributions and resources 
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Summary Part 1
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Summary Part 2
Through preparation of new DRD proposals important progress has been made to :

• build new communities 
• large world- wide contributions

• prepare a global scientific programme to execute the ECFA roadmap
• assess resource needs and availability

The DRD collaborations will soon become active to :
• Implement their organizational structure
• consolidate the scientific programme and the resource needs in preparation for MoUs with 

National Funding Agencies
• substantial ramp-up of resources is needed

• common work on availability of infrastructure and beam test facilities is on-going with the Lab 
Directors Group

• fields outside HEP can join the collaborations as full members or partners
• rules for industrial/semi-public partnerships are being prepared for MoUs with CERN guidance

A new ECFA training panel  has been established  to  create a Europe-wide MSc Instr.  and other 
enhanced training opportunities 

thanks especially to Thomas Bergauer DRDC Chair, P. Allport ECFA Roadmap Panel Chair and K. Jakobs ECFA chair
and ECFA Roadmap Co-ordinators  S. Della Torre, M.Krammer, S.Kuehn, F. Sefkow, I.Shipsey

A. Colaleo, L. Ropeleweski (DRD1); R. Guenette, J. Monroe (DRD2); N. Cartiglia, G. Pellegrini (DRD3); C. Joram , 
P. Krizan (DRD4); M. Demarteau, M. Doser (DRD5); R. Ferrari, R. Poeschl (DRD6); D. Newbold, F. Simon, F. Vasey (DRD7)
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Additional Material
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