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• Introduction: how and why it started 

• The process: engaging with the community 

• The Roadmap: how to read it 

• Implementation: next steps

Selection of examples  
with maximal personal bias

Stolen slides from many people -  
all mistakes are mine
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Horizon 2020 - Proposal for AIDA-2020 Follow-up
An Opportunity

From the EC Call:  
• Scope: Funding will be provided to research infrastructure networks to kick-start the implementation of a common 

strategy/roadmap for technological developments required for improving their services through partnership with industry.  
• Proposals should address:  

• if not already done, the identification of key techniques and trends which are crucial for future construction and upgrade 
of the involved Research Infrastructures and the definition of roadmaps and/or strategic agendas for their 
development,  

Started discussions with ECFA…
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Horizon 2020 - Proposal for AIDA-2020 Follow-up
An Opportunity

From the EC Call:  
• Scope: Funding will be provided to research infrastructure networks to kick-start the implementation of a common 

strategy/roadmap for technological developments required for improving their services through partnership with industry.  
• Proposals should address:  

• if not already done, the identification of key techniques and trends which are crucial for future construction and upgrade 
of the involved Research Infrastructures and the definition of roadmaps and/or strategic agendas for their 
development,  

Started discussions with ECFA…
From the proposal:  
• A roadmap for European Detector R&D is part of the overall long-range planning of European high-

energy physics facilities and its associated technologies and infrastructures.  
• The Update of the European Strategy for Particle Physics (ESPP), to be published in summer 2020, will 

be followed by a process towards establishing the corresponding European roadmap for detector R&D.  
• This process, initiated under the responsibility of the European Committee for Future Accelerators 

(ECFA), will cover a broad consultation (…) 
• It has been agreed that ECFA and AIDAinnova will work closely together in setting up this process, in 

organising inclusive community meetings and in establishing the roadmap. 
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European Strategy
Detectors for What?

European Strategy for Particle Physics Update 2020 
• clear directions (often underestimated) 
Consensus: 
• an e+e- Higgs factory is the preferred next collider 
No consensus: 
• linear or circular collider: ILC, CLIC, FCCee,… 
In addition: long timelines 
• different for different projects 
• important tasks to be accomplished before  
Not trivial to motivate a strategic detector 
development 
• ESPPU requested a Detector Roadmap (organised by 

ECFA) 
• Accelerator Roadmap in parallel, by Lab Directors Group



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/ 

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

Detector R&D Roadmap

*community feedback via RECFA delegates and National Contacts6ECFA Detector R&D Roadmap19th November 2021

Phil Alport

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


Roadmap Process



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”	*	

*community feedback via RECFA delegates and National Contacts8ECFA Detector R&D Roadmap

Roadmap Organisation

* 2020 European Particle Physics Strategy Update 
 https://europeanstrategyupdate.web.cern.ch/

ECFA	Detector	R&D	Roadmap	Panel	web	pages	at:	

19th November 2021

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


Detector R&D Roadmap 
Process Group

*community feedback via RECFA delegates and National Contacts9ECFA Detector R&D Roadmap19th November 2021

Good German  
Representation 



Detector R&D Roadmap 
Process Group

*community feedback via RECFA delegates and National Contacts9ECFA Detector R&D Roadmap19th November 2021

National	Contacts	ECFA

Country Name

Austria Manfred	Jeitler

Belgium Gilles	De	Lentdecker

Bulgaria Venelin	Koshuharov

Croatia Tome	Anticic

Cyprus Panos	Razis

Czech	Republic Tomáš	Davídek

Denmark Mogens	Dam

National	Contacts	ECFA

Country Name

Finland Panja	Lukka

France Didier	Contardo

Germany Lutz	Feld

Greece Dimitris	Loukas

Hungary Dezso	Varga

Italy Nadia	Pastrone

Israel Erez	Etzion

Netherlands Niels	van	Bakel

Norway Gerald	Eigen

Poland Marek	Idzik

Portugal Paulo	Fonte

Romania Mihai	Petrovici	

Serbia Lidija	Zivkovic

Slovakia Pavol	Strizenec

Slovenia Gregor	Kramberger

Spain Mary-Cruz	Fouz

Sweden Christian	Ohm	

Swtizerland Ben	Kilminster

Turkey Kerem	Cankocak

United-Kingdom Iacopo	Vivarelli

Ukraine Nikolai	Shulga

CERN Christian	Joram

Good German  
Representation 





Organisation

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

ECFADetectorRDRo
admap  

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 

sessionDec 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

*community feedback via RECFA delegates and National Contacts11

Process and Timeline

ECFA Detector R&D Roadmap

October-December 2021 
Detector R&D Roadmap Document circulated 

for approval to ECFA in Nov 2021 and 
presentation to Council in Dec 2021

19th November 2021

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


• European Strategy Update gives guidance and priorities for future 
particle physics projects - what we want to do 

• Coordination of Detector R&D is necessary to maximise the 
scientific outcome of these activities - how we get there 

• The roadmap process involves wide community consultation in 
order to capitalise on best available expertise - but since it is based 
on the EPPSU, it cannot be fully bottom-up 

• The roadmap is not resource-loaded, but the common aspirations 
should establish coherence of funding requests and so unfold its 
momentum



Collecting Requirements
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Future Projects Timeline (Accelerator Roadmap)
Accelerator Roadmap - as seen by the Lab Directors Group
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6 INTRODUCTION

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

ideas and the drive to realise these, the field of detector R&D for particle physics would358

wither and die. It has become evident in the process of compiling this Roadmap that359

many at early stages of their careers have a real passion for wholehearted engagement in360

the instrumentation aspects of particle physics, if only a number of real and perceived361

obstacles could be overcome and some negative attitudes of those who are able to shape362

their longer-term career prospects could be addressed. Recommendations in the following363

chapters and in the conclusions also reflect the all-important human aspects of ensuring364

a healthy future for the particle physics detector R&D activities which will be essential365

to allowing the ambitious envisaged future experimental programme to be realised.366

Fig. 3 shows an indicative future timeline for future collider and larger accelerator367

facilities, while Fig. 4 shows that for non-accelerator and smaller accelerator experi-368

ments. Although the Roadmaps for both detector and accelerator R&D are focused on369

deliverables over the next five to ten years, they can only be developed and prioritised370

with some knowledge of the target dates for the final facilities. On the other hand,371

the projects shown in the diagrams are at di↵ering stages of definition, approval and372

technical maturity. The dates shown in the diagram therefore have low precision, and373

are intended to represent the earliest ‘feasible start date’ (where a schedule is not al-374

ready defined), taking into account the necessary steps of approval, development and375

construction for machine and civil engineering. They do not constitute any form of plan376

or recommendation, and indeed several options presented are mutually exclusive. Fur-377

thermore, the projects mentioned here are limited to those mentioned in the EPPSU,378

although it should be noted that detector R&D for other possible future facilities is379

usually aligned with that for programmes listed in Fig. 3. For example, there are large380

overlaps and synergies between the R&D for the proposed CEPC in China and FCC-ee381

and in some cases also to the proposed experiments at either the ILC or CLIC. The382

timelines – and potentially the scope – of the projects will naturally change depending383

on future strategic decisions. The objective of the roadmaps is to ensure that: (a) the384

basic R&D phase is not the limiting step, i.e. that R&D is started su�ciently early385

and prioritised correctly to meet the needs of the long-term European particle physics386
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How Much Time Do We Need? 
“Random” Examples - and NOT from the start of the R&D

t0 -17y

t0 -14y

CALICE 
2018



The ECFA Roadmap for Detector Development | Felix Sefkow | February 2022 17

Hi-Lumi LHC Detectors Post LS3
Yes…

Our ability to exploit the HL-LHC is limited by our detector  
technology: spatial & time resolution, radiation hardness, cost  
ATLAS 
• partial replacement of inter tracker pixels (Ink-Pix)  
• and High Granularity Timing Detector (HGTD) 
• maybe trigger 
CMS:  
• one exchange of the inner part of the pixel detector  
• maybe inner rings of Endcap Timing Layer (ETL) 
• some ideas to benefit from technology advances (manly forward)  
LHCb: major upgrade in LS4 
• Velo, Mighty Tracker, TORCH (PiD), Calorimeter, Muons, 28 nm, ML 

for Real Time Analysis 
LHC experiments happy to collaborate on R&D across projects 
• physics only in one experiment 
• technical and engineering staff in multiple experiments 
• Technical Associate Memberships

Fair reasons  
not to discuss  
heavy ions here 





LHCb Upgrade II: 
Trigger & DAQ 
system

TF7: Electronics & On-detector Processing

18

� ASIC feature size CMOS e.g. 28 nm 
� CERN support for chips important
� Next-generation rad hard data optical links

± Low power,low-mass, towards 100 Gbps?
± with silicon photonics ? 

� DC-DC converters ± higher input V?
� Processing Both ON and OFF detector
� Innovative algorithms for real-time trigger 

applications in heterogeneous architectures
± GPUs, IPUs, TPUs, FPGAs

� data-centre / commodity / cloud technologies 
for Online processing?

Chris Parkes,  ECFA R&D Roadmap, February 2021

ATLAS/ CMS
/ LHCb

� GPU based real-time HLT1
reconstruction and triggering
In LHCb Upgrade I

� U2 foresees 5x data throughput 



Frank Simon (fsimon@mpp.mpg.de)Detector R&D for Linear Collider Detectors - ECFA Detector Roadmap Input, February 2021

The Linear Collider Detector Design - Main Features

• A large-volume solenoid 3.5 - 5 T, enclosing 
calorimeters and tracking 

• Highly granular calorimeter systems, optimised for 
particle flow reconstruction, best jet energy 
resolution [Si, Scint + SiPMs, RPCs] 

• Low-mass main tracker, for excellent momentum 
resolution at high energies [Si, TPC + Si] 

• Forward calorimeters, for low-angle electron 
measurements, luminosity [Si, GaAs] 

• Vertex detector, lowest possible mass, smallest 
possible radius [MAPS, thinned hybrid detectors] 

• Triggerless readout of main detector systems

7

Focusing on general aspects
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Beyond the Baseline

11

Possible Ideas going beyond current technology & ideas

particle ID systems - improved flavour tagging 

with better π/K separation via TOF or other means

added readout dimensions in calorimetry: highly 

granular dual readout, new optical materials

exploiting ps timing capabilities in 

calorimeters and trackers

New radiation hard sensor materials for 

forward instrumentation

Ultra-low mass mechanics,  ultra-low mass &  

ultra-low power interfaces and services

highly pixelated sensors throughout 

all silicon systems of the detectors
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Requirements 
1st Order

e+e- physics performance requirements

Linssen, Granada symposium 2019 12

Note: differences between requirements ILC, CLIC, FCC-ee, CEPC rather small

+ requirements from experimental conditions

« impact parameter resolution:
e.g. c/b-tagging, Higgs branching ratios

�E

E
⇠ 3.5 � 5 %

�pT /p
2
T ⇠ 2 ⇥ 10�5 GeV�1

« angular coverage, very forward electron tagging

« momentum resolution:
e.g, HZ recoil, gHμμ, Smuon endpoint

(for high-E jets, 
light quarks)

« jet energy resolution:
e.g. W/Z/H di-jet mass separation, Z and W 
width, HZ with Zèqq, background reduction

�r� = 5 � 15/(p[GeV] sin
3
2 ✓) µm

Second Order Corrections: 
Experimental conditions 
• bunch structure  
• background 
• constraints on experimental 

magnetic field 
Energy and luminosity 
• higher or lower c.m.  

energies emphasise 
different detector properties 

• extremely high luminosity 
on Z pole: challenge for 
systematics
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From Linear to Circular e+e- Colliders
Conceptual Adaptations 

Lower energy jets and particles, less collimated jets: 
• reduced calorimeter depth  
• shift imaging vs. energy resolution balance towards the latter 
• jet assignment ambiguities: added value of π0 →γγ mass reconstruction  
• tracking even more multiple-scattering dominated: increased pressure on material budget of vertex detector and 

main tracker 
• fresh air to gaseous tracking 

Limitations on solenoidal field B < 2T, to preserve luminosity: 
• recover momentum resolution with tracker radius 
• on the other hand larger magnetic volume also more easily affordable (coil and yoke) 
Main difference: no bunch trains; collisions every 20 ns (~ at LHC) 
• no power pulsing, more data bandwidth: both imply larger powering and cooling needs 
• adds material to the trackers and compromises calorimeter compactness - or reduce granularity, timing, speed 
• implications strongly technology-dependent, interesting optimisation challenges 
• Trigger and DAQ re-enter the stage



Frank Simon (fsimon@mpp.mpg.de)Linear Collider Detectors - FCC Week, November 2020

From LCs to FCCee

• A LC-inspired FCCee detector concept - retaining key performance parameters 
Evolving from CLIC to CLD

24

From CLICdet to CLD
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Evolving from CLIC to CLD

24

From CLICdet to CLD

smaller VTX radius: profit from lower 
backgrounds, compensate material 
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From LCs to FCCee

• A LC-inspired FCCee detector concept - retaining key performance parameters 
Evolving from CLIC to CLD

24

From CLICdet to CLD

increase in tracker radius:  
retain p resolution

smaller VTX radius: profit from lower 
backgrounds, compensate material 
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From LCs to FCCee

• A LC-inspired FCCee detector concept - retaining key performance parameters 
Evolving from CLIC to CLD

24

From CLICdet to CLD

reduced HCAL thickness:  
enabled by lower energy

increase in tracker radius:  
retain p resolution

smaller VTX radius: profit from lower 
backgrounds, compensate material 
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From LCs to FCCee

• A LC-inspired FCCee detector concept - retaining key performance parameters 
Evolving from CLIC to CLD

24

From CLICdet to CLD

lower field: enable high 
luminosity in circular collider

reduced HCAL thickness:  
enabled by lower energy

increase in tracker radius:  
retain p resolution

smaller VTX radius: profit from lower 
backgrounds, compensate material 
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From LCs to FCCee

• A LC-inspired FCCee detector concept - retaining key performance parameters 
Evolving from CLIC to CLD

24

From CLICdet to CLD

less steel: lower field allows 
reduced yoke thickness

lower field: enable high 
luminosity in circular collider

reduced HCAL thickness:  
enabled by lower energy

increase in tracker radius:  
retain p resolution

smaller VTX radius: profit from lower 
backgrounds, compensate material 
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CLD: CLIC-like Detector for FCCee

Proof-of-principe for a particle-flow detector concept 
at FCCee 
• Further optimisation possible - and likely 
• Variants also (e.g. gaseous tracker, gaseous HCAL,…) 
New ideas and technologies 
• phase space largely overlaps with that for LCs 

• e.g. fast timing for particle ID, new tracker read-out 
schemes, more compact electronics,…

“ILD" (with Gaseous Tracking) also Possible
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CLD: CLIC-like Detector for FCCee

Proof-of-principe for a particle-flow detector concept 
at FCCee 
• Further optimisation possible - and likely 
• Variants also (e.g. gaseous tracker, gaseous HCAL,…) 
New ideas and technologies 
• phase space largely overlaps with that for LCs 

• e.g. fast timing for particle ID, new tracker read-out 
schemes, more compact electronics,…

“ILD" (with Gaseous Tracking) also Possible

Inherits ILC and CLIC assets 
• software framework key4HEP (DESY) 
• performance validation with prototypes 
However, in most if not all cases feasibility of 
continuous readout, including power and cooling 
is still to be demonstrated - clear R&D path  
• benefit from HL-LHC upgrades, e.g. CMS HGCAL 
• need engineers already in R&D phase
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CLD: CLIC-like Detector for FCCee

Proof-of-principe for a particle-flow detector concept 
at FCCee 
• Further optimisation possible - and likely 
• Variants also (e.g. gaseous tracker, gaseous HCAL,…) 
New ideas and technologies 
• phase space largely overlaps with that for LCs 

• e.g. fast timing for particle ID, new tracker read-out 
schemes, more compact electronics,…

“ILD" (with Gaseous Tracking) also Possible

Inherits ILC and CLIC assets 
• software framework key4HEP (DESY) 
• performance validation with prototypes 
However, in most if not all cases feasibility of 
continuous readout, including power and cooling 
is still to be demonstrated - clear R&D path  
• benefit from HL-LHC upgrades, e.g. CMS HGCAL 
• need engineers already in R&D phase

tracker

software
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R&D Overview
Synergies Dominate

Detector Technology Linear & Circular Colliders 
common R&D Differences

All
test infrastructure


prototype electronics 

software for reconstruction and optimisation

readout rates

power and cooling requirements

Silicon Vertex and 
 Track Detectors

highest granularity and resolution, timing

ultra-thin sensors and interconnects


simulation and design tools

low-mass support structures 


cooling micro-structures 

emphasis on timing (background)

and position resolution

Gaseous Trackers and  
Muon Chambers 

ultra-light structures for large volumes

industrialisation for large area instrumentation


eco-friendly gases

DC and TPC 

presently considered 

only at some colliders

Calorimeters and  
Particle ID

highly compact structures and interfaces 

advanced photo-sensors and optical materials


ps timing sensors and electronics 

emphasis on granularity and stability

DR and LAr pesresently only 

considered for circular 



• Requirements for future experiments envisaged by the European 
Strategy form the starting point  

• A - coarsely binned - timeline of future projects was provided by the 
parallel accelerator roadmap process driven by the lab directors 
group 

• Detector development for colliders has a lead time of 10 - 20 years - 
less for pixels, more for calorimeters 

• Detectors for linear or circular Higgs factories have much in 
common - so FCCee does not start from zero, but it poses a well 
defined set of open challenges



Open Symposia



Open Symposia



Sensors for future trackers

Without 
avalanche gain

Hybrid Monolithic

BiCMOS 
(SiGe)

Passive 
CMOS

CMOS
Planar 

Si/Diamond
3D 

Si/Diamond

With avalanche 
gain

Low-gain mode 
(LGADs)

High-gain and Geiger 
mode (APD, SPADs)

AC-
coupled

BiCMOS 
(SiGe)

Resistive readout

DC-
coupled

Schematics of TF3 
Solid State



Well organised sessions 
Best experts from the field 
Lively discussions 
https://indico.cern.ch/event/999816/

requirements

electronics trends

4D sensors - w/ and w/o gain

extreme

CMOS

interconnections

diamonds

simulations

facilities

industry

https://indico.cern.ch/event/999816/


Calorimeters
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Calorimeter Symposium
Orthogonal Views

Symposia shed light along the  
technological direction 
https://indico.cern.ch/event/999820/

https://indico.cern.ch/event/999820/


Detector Technologies 
Roadmap 





8	page	synopsis	brochure	also	prepared	for	less	specialist	audience
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ECFA Detector Roadmap Summary 
Relating Technology R&D to Major Drivers from Facilities

ECFA
European Committee
for Future Accelerators

SYNOPSIS OF THE 2021 ECFA DETECTOR 
RESEARCH AND DEVELOPMENT ROADMAP

by the European Committee for Future Accelerators
Detector R&D Roadmap Process Group

7KH�ÀJXUH�RSSRVLWH�LOOXVWUDWHV�WKH�´'HWHFWRU�5	'�7KHPHVµ��DRDTs��
LGHQWLÀHG�LQ�WKH�URDGPDS�SURFHVV��JURXSHG�DFFRUGLQJ�WR�WKH�DUHDV�
DGGUHVVHG�E\�WKH�QLQH�WDVN�IRUFHV�VHW�XS�E\�(&)$�WR�GHYHORS�D�
VWUDWHJ\�IRU�IXWXUH�GHWHFWRU�5	'�SULRULWLHV��$OO�WKH�WKHPHV�DUH�FULWLFDO�
WR�DFKLHYLQJ�WKH�VFLHQFH�SURJUDPPH�RXWOLQHG�LQ�WKH�(633�DQG�DUH�
GHULYHG�IURP�WKH�WHFKQRORJLFDO�FKDOOHQJHV�WKDW�QHHG�WR�EH�RYHUFRPH�
IRU�WKH�VFLHQWLÀF�SRWHQWLDO�RI�WKH�IXWXUH�IDFLOLWLHV�DQG�SURMHFWV�OLVWHG�LQ�
WKH�(633�WR�EH�UHDOLVHG���,W�LV�LPSRUWDQW�WR�HQVXUH�WKDW��IRU�HDFK�RI�WKH�
IXWXUH�IDFLOLWLHV�PHQWLRQHG�LQ�WKH�(633��GHWHFWRU�UHDGLQHVV�VKRXOG�QRW�
EH�WKH�OLPLWLQJ�IDFWRU�LQ�WHUPV�RI�ZKHQ�WKH�IDFLOLW\�LQ�TXHVWLRQ�FDQ�EH�
UHDOLVHG��,Q�PDQ\�FDVHV��OHVV�GHPDQGLQJ�GHYHORSPHQWV�DUH�UHTXLUHG�
IRU�H[SHULPHQWV�VFKHGXOHG�LQ�WKH�PHGLXP�WHUP��ZKLFK�FDQ�WKHQ�DFW�DV�
´VWHSSLQJ�VWRQHVµ��LOOXVWUDWHG�E\�WKH�LQ�EHWZHHQ�GRWV��WRZDUGV�DFKLHYLQJ�
WKH�ÀQDO�VSHFLÀFDWLRQV��

7KH�5	'�SULRULWLHV�DUH�RXWOLQHG�IRU�WKH�NH\�GHWHFWRU�W\SHV��WKRVH�EDVHG�
RQ�JDVHRXV��OLTXLG�RU�VROLG�VHQVLQJ�PDWHULDOV��DORQJ�ZLWK�WKRVH�UHTXLUHG�
IRU�VHQVLQJ�DVSHFWV�VSHFLÀF�WR�SKRWRQ��SDUWLFOH�LGHQWLÀFDWLRQ��3,'��
RU�HQHUJ\�PHDVXUHPHQW��FDORULPHWU\���,Q�DGGLWLRQ��TXDQWXP�VHQVRUV�
DUH�DOUHDG\�RIIHULQJ�UDGLFDOO\�QHZ�RSSRUWXQLWLHV�WR�SDUWLFOH�SK\VLFV��
DQG�WKHLU�IXUWKHU�GHYHORSPHQW�ZLOO�ZLGHQ�WKHLU�DSSOLFDELOLW\�WR�WKH�ÀHOG��
6RSKLVWLFDWHG�UHDG�RXW�WHFKQRORJLHV�DUH�HVVHQWLDO�WR�DOO�GHWHFWRU�W\SHV�
DQG�DUH�RIWHQ�WKH�OLPLWLQJ�IDFWRU�ZKHQ�YHU\�ODUJH�QXPEHUV�RI�FKDQQHOV�
DUH�WR�EH�LQVWUXPHQWHG��HVSHFLDOO\�JLYHQ�WKH�HYHU�PRUH�GHPDQGLQJ�
VHQVLWLYLW\�DQG�UREXVWQHVV�UHTXLUHG�IRU�RSHUDWLRQ�LQ�WKH�H[WUHPH�
FRQGLWLRQV�RI�PDQ\�SDUWLFOH�SK\VLFV�H[SHULPHQWV��8QLTXH�DGYDQFHG�
HQJLQHHULQJ�VROXWLRQV�DUH�QHHGHG�WR�FRPSOHPHQW�DOO�WKHVH�GHWHFWRU�
GHYHORSPHQWV�DQG��DV�ZLWK�DFFHOHUDWRUV��WKH�ÀHOG�GULYHV�PDQ\�DVSHFWV�
RI�SURJUHVV�LQ�PDJQHW�WHFKQRORJ\��/DVW�EXW�QRW�OHDVW��HQYLURQPHQWDO�
VXVWDLQDELOLW\�LV�D�FHQWUDO�UHTXLUHPHQW�IRU�DOO�IXWXUH�UHVHDUFK�DQG�
LQQRYDWLRQ�DFWLYLWLHV�

*LYHQ�WKH�YLWDO�LPSRUWDQFH�RI�H[SHUWLVH�LQ�D�ZLGH�UDQJH�RI�FXWWLQJ�
HGJH�WHFKQRORJLHV��WKH�GHWHFWRU�5	'�URDGPDS�DOVR�FRQWDLQV�VSHFLÀF�
UHFRPPHQGDWLRQV�LQ�WHUPV�RI�WUDLQLQJ���´'HWHFWRU�&RPPXQLW\�7KHPHVµ�
�DCTs���ZLWK�HPSKDVLV�RQ�SURYLGLQJ�EHWWHU�FRRUGLQDWLRQ�EHWZHHQ�WKH�
PDQ\�GLIIHUHQW�WUDLQLQJ�VFKHPHV�DYDLODEOH�DFURVV�(XURSH�DQG�H[SORULQJ�
PHFKDQLVPV�WR�HVWDEOLVK�D�FRUH�V\OODEXV�IRU�D�0DVWHUV�TXDOLÀFDWLRQ�
LQ�SDUWLFOH�SK\VLFV�LQVWUXPHQWDWLRQ��WKDW�EULQJV�WRJHWKHU�WKH�FUXFLDO�
HOHPHQWV�IURP�WKH�ODUJH�QXPEHU�RI�GLYHUVH�H[LVWLQJ�FRXUVHV��*LYHQ�WKH�
XQHYHQ�DFFHVV�WR�WUDLQLQJ�LQ�WKH�DUHD�RI�LQVWUXPHQWDWLRQ�LQ�DOO�UHJLRQV�
RI�WKH�ZRUOG��D�NH\�IRFXV�LV�WR�JUHDWO\�LPSURYH�WKH�LQFOXVLYLW\�RI�IXWXUH�
SURJUDPPHV��ZRUNVKRSV�DQG�VFKRROV��HQFRXUDJLQJ�WKH�ZLGHVW�SRVVLEOH�
GLYHUVLW\�RI�SDUWLFLSDQWV��

:KLOH�GHÀQLQJ�WKH�SULRULWLHV�ZLWKLQ�SDUWLFOH�SK\VLFV��DV�RXWOLQHG�
DERYH��WKH�(&)$�'HWHFWRU�5	'�5RDGPDS�DOVR�HPSKDVLVHV�WKH�YLWDO�
LPSRUWDQFH�RI�EHQHÀWLQJ�IURP�V\QHUJLHV�ZLWK�DGMDFHQW�UHVHDUFK�ÀHOGV��
NQRZOHGJH�LQVWLWXWLRQV�DQG�KLJK�WHFKQRORJ\�LQGXVWULHV�

Paul Scherrer Institute (Switzerland) Facility for Delivering 
Highly Targeted Radiotherapy with Beams of Accelerated 
Protons (Hadron 

 PSI)�Photography
 Sauer Scanderbeg (©�Therapy)

Bespoke cleanroom facility for Detector R&D, Testing and 
Assembly targeting LHC upgrades, future collider facilities and 
medical applications.(© BILPA, University of Birmingham)

Students and young scientists working on the construction of 
prototype detector modules. (© CERN)

Illustration of microelectronics circuitry integrated with a 
detecting medium as a single monolithic solid-state detector. 
(© ALICE collaboration)

< 2030 2030-
2035

2035-
2040

2040-
2045

> 2045

DRDT 1.1    Improve time and spatial resolution for gaseous detectors with 
long-term stability

DRDT 1.2    Achieve tracking in gaseous detectors with dE/dx and dN/dx capability 
in large volumes with very low material budget and different read-out 
schemes

DRDT 1.3    Develop environmentally friendly gaseous detectors for very large 
areas with high-rate capability

DRDT 1.4    Achieve high sensitivity in both low and high-pressure TPCs

DRDT 3.1    Achieve full integration of sensing and microelectronics in monolithic 
CMOS pixel sensors

DRDT 3.2    Develop solid state sensors with 4D-capabilities for tracking and 
calorimetry

DRDT 3.3    Extend capabilities of solid state sensors to operate at extreme 
fluences

DRDT 3.4    Develop full 3D-interconnection technologies for solid state devices 
in particle physics

DRDT 4.1    Enhance the timing resolution and spectral range of photon 
detectors

DRDT 4.2    Develop photosensors for extreme environments
DRDT 4.3    Develop RICH and imaging detectors with low mass and high 

resolution timing
DRDT 4.4    Develop compact high performance time-of-flight detectors
DRDT 5.1    Promote the development of advanced quantum sensing technologies
DRDT 5.2    Investigate and adapt state-of-the-art developments in quantum 

technologies to particle physics
DRDT 5.3    Establish the necessary frameworks and mechanisms to allow 

exploration of emerging technologies
DRDT 5.4    Develop and provide advanced enabling capabilities and infrastructure
DRDT 6.1    Develop radiation-hard calorimeters with enhanced electromagnetic 

energy and timing resolution
DRDT 6.2    Develop high-granular calorimeters with multi-dimensional readout 

for optimised use of particle flow methods
DRDT 6.3    Develop calorimeters for extreme radiation, rate and pile-up 

environments

DRDT 7.1    Advance technologies to deal with greatly increased data density
DRDT 7.2    Develop technologies for increased intelligence on the detector
DRDT 7.3    Develop technologies in support of 4D- and 5D-techniques
DRDT 7.4    Develop novel technologies to cope with extreme environments and 

required longevity
DRDT 7.5    Evaluate and adapt to emerging electronics and data processing 

technologies

DRDT 2.1    Develop readout technology to increase spatial and energy 
resolution for liquid detectors

DRDT 2.2    Advance noise reduction in liquid detectors to lower signal energy 
thresholds

DRDT 8.1    Develop novel magnet systems
DRDT 8.2    Develop improved technologies and systems for cooling
DRDT 8.3    Adapt novel materials to achieve ultralight, stable and high 

precision mechanical structures. Develop Machine Detector 
Interfaces.

DRDT 8.4    Adapt and advance state-of-the-art systems in monitoring 
including environmental, radiation and beam aspects

DCT 1          Establish and maintain a European coordinated programme for training in 
instrumentation

DCT 2          Develop a master’s degree programme in instrumentation

DRDT 2.4    Realise liquid detector technologies scalable for integration in 
large systems

DRDT 2.3    Improve the material properties of target and detector components 
in liquid detectors

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)

Gaseous

Liquid

Solid
state

PID and
Photon

Quantum

Calorimetry

Electronics

Integration

Training

Detector R&D Themes (DRDTs) and Detector Community Themes (DCTs). Here, 
except in the DCT case, the final dot position represents the target 
date for completion of the R&D required by the latest known future 
facility/experiment for which an R&D programme would still be needed 
in that area. The time from that dot to the end of the arrow represents 
the further time to be anticipated for experiment-specific prototyping, 
procurement, construction, installation and commissioning.  Earlier 
dots represent the time-frame of intermediate “stepping stone” 

projects where dates for the corresponding facilities/experiments are 
known. (Note that R&D for Liquid Detectors will be needed far into the 
future, however the DRDT lines for these end in the period 2030-35 
because developments in that field are rapid and it is not possible 
today to reasonably estimate the dates for projects requiring 
longer-term R&D. Similarly, dotted lines for the DCT case indicate that 
beyond the initial programmes, the activities will need to be sustained 
going forward in support of the instrumentation R&D activities).

_Identifying the Tools

7KH�ÀJXUH�RSSRVLWH�LOOXVWUDWHV�WKH�´'HWHFWRU�5	'�7KHPHVµ��DRDTs��
LGHQWLÀHG�LQ�WKH�URDGPDS�SURFHVV��JURXSHG�DFFRUGLQJ�WR�WKH�DUHDV�
DGGUHVVHG�E\�WKH�QLQH�WDVN�IRUFHV�VHW�XS�E\�(&)$�WR�GHYHORS�D�
VWUDWHJ\�IRU�IXWXUH�GHWHFWRU�5	'�SULRULWLHV��$OO�WKH�WKHPHV�DUH�FULWLFDO�
WR�DFKLHYLQJ�WKH�VFLHQFH�SURJUDPPH�RXWOLQHG�LQ�WKH�(633�DQG�DUH�
GHULYHG�IURP�WKH�WHFKQRORJLFDO�FKDOOHQJHV�WKDW�QHHG�WR�EH�RYHUFRPH�
IRU�WKH�VFLHQWLÀF�SRWHQWLDO�RI�WKH�IXWXUH�IDFLOLWLHV�DQG�SURMHFWV�OLVWHG�LQ�
WKH�(633�WR�EH�UHDOLVHG���,W�LV�LPSRUWDQW�WR�HQVXUH�WKDW��IRU�HDFK�RI�WKH�
IXWXUH�IDFLOLWLHV�PHQWLRQHG�LQ�WKH�(633��GHWHFWRU�UHDGLQHVV�VKRXOG�QRW�
EH�WKH�OLPLWLQJ�IDFWRU�LQ�WHUPV�RI�ZKHQ�WKH�IDFLOLW\�LQ�TXHVWLRQ�FDQ�EH�
UHDOLVHG��,Q�PDQ\�FDVHV��OHVV�GHPDQGLQJ�GHYHORSPHQWV�DUH�UHTXLUHG�
IRU�H[SHULPHQWV�VFKHGXOHG�LQ�WKH�PHGLXP�WHUP��ZKLFK�FDQ�WKHQ�DFW�DV�
´VWHSSLQJ�VWRQHVµ��LOOXVWUDWHG�E\�WKH�LQ�EHWZHHQ�GRWV��WRZDUGV�DFKLHYLQJ�
WKH�ÀQDO�VSHFLÀFDWLRQV��

7KH�5	'�SULRULWLHV�DUH�RXWOLQHG�IRU�WKH�NH\�GHWHFWRU�W\SHV��WKRVH�EDVHG�
RQ�JDVHRXV��OLTXLG�RU�VROLG�VHQVLQJ�PDWHULDOV��DORQJ�ZLWK�WKRVH�UHTXLUHG�
IRU�VHQVLQJ�DVSHFWV�VSHFLÀF�WR�SKRWRQ��SDUWLFOH�LGHQWLÀFDWLRQ��3,'��
RU�HQHUJ\�PHDVXUHPHQW��FDORULPHWU\���,Q�DGGLWLRQ��TXDQWXP�VHQVRUV�
DUH�DOUHDG\�RIIHULQJ�UDGLFDOO\�QHZ�RSSRUWXQLWLHV�WR�SDUWLFOH�SK\VLFV��
DQG�WKHLU�IXUWKHU�GHYHORSPHQW�ZLOO�ZLGHQ�WKHLU�DSSOLFDELOLW\�WR�WKH�ÀHOG��
6RSKLVWLFDWHG�UHDG�RXW�WHFKQRORJLHV�DUH�HVVHQWLDO�WR�DOO�GHWHFWRU�W\SHV�
DQG�DUH�RIWHQ�WKH�OLPLWLQJ�IDFWRU�ZKHQ�YHU\�ODUJH�QXPEHUV�RI�FKDQQHOV�
DUH�WR�EH�LQVWUXPHQWHG��HVSHFLDOO\�JLYHQ�WKH�HYHU�PRUH�GHPDQGLQJ�
VHQVLWLYLW\�DQG�UREXVWQHVV�UHTXLUHG�IRU�RSHUDWLRQ�LQ�WKH�H[WUHPH�
FRQGLWLRQV�RI�PDQ\�SDUWLFOH�SK\VLFV�H[SHULPHQWV��8QLTXH�DGYDQFHG�
HQJLQHHULQJ�VROXWLRQV�DUH�QHHGHG�WR�FRPSOHPHQW�DOO�WKHVH�GHWHFWRU�
GHYHORSPHQWV�DQG��DV�ZLWK�DFFHOHUDWRUV��WKH�ÀHOG�GULYHV�PDQ\�DVSHFWV�
RI�SURJUHVV�LQ�PDJQHW�WHFKQRORJ\��/DVW�EXW�QRW�OHDVW��HQYLURQPHQWDO�
VXVWDLQDELOLW\�LV�D�FHQWUDO�UHTXLUHPHQW�IRU�DOO�IXWXUH�UHVHDUFK�DQG�
LQQRYDWLRQ�DFWLYLWLHV�

*LYHQ�WKH�YLWDO�LPSRUWDQFH�RI�H[SHUWLVH�LQ�D�ZLGH�UDQJH�RI�FXWWLQJ�
HGJH�WHFKQRORJLHV��WKH�GHWHFWRU�5	'�URDGPDS�DOVR�FRQWDLQV�VSHFLÀF�
UHFRPPHQGDWLRQV�LQ�WHUPV�RI�WUDLQLQJ���´'HWHFWRU�&RPPXQLW\�7KHPHVµ�
�DCTs���ZLWK�HPSKDVLV�RQ�SURYLGLQJ�EHWWHU�FRRUGLQDWLRQ�EHWZHHQ�WKH�
PDQ\�GLIIHUHQW�WUDLQLQJ�VFKHPHV�DYDLODEOH�DFURVV�(XURSH�DQG�H[SORULQJ�
PHFKDQLVPV�WR�HVWDEOLVK�D�FRUH�V\OODEXV�IRU�D�0DVWHUV�TXDOLÀFDWLRQ�
LQ�SDUWLFOH�SK\VLFV�LQVWUXPHQWDWLRQ��WKDW�EULQJV�WRJHWKHU�WKH�FUXFLDO�
HOHPHQWV�IURP�WKH�ODUJH�QXPEHU�RI�GLYHUVH�H[LVWLQJ�FRXUVHV��*LYHQ�WKH�
XQHYHQ�DFFHVV�WR�WUDLQLQJ�LQ�WKH�DUHD�RI�LQVWUXPHQWDWLRQ�LQ�DOO�UHJLRQV�
RI�WKH�ZRUOG��D�NH\�IRFXV�LV�WR�JUHDWO\�LPSURYH�WKH�LQFOXVLYLW\�RI�IXWXUH�
SURJUDPPHV��ZRUNVKRSV�DQG�VFKRROV��HQFRXUDJLQJ�WKH�ZLGHVW�SRVVLEOH�
GLYHUVLW\�RI�SDUWLFLSDQWV��

:KLOH�GHÀQLQJ�WKH�SULRULWLHV�ZLWKLQ�SDUWLFOH�SK\VLFV��DV�RXWOLQHG�
DERYH��WKH�(&)$�'HWHFWRU�5	'�5RDGPDS�DOVR�HPSKDVLVHV�WKH�YLWDO�
LPSRUWDQFH�RI�EHQHÀWLQJ�IURP�V\QHUJLHV�ZLWK�DGMDFHQW�UHVHDUFK�ÀHOGV��
NQRZOHGJH�LQVWLWXWLRQV�DQG�KLJK�WHFKQRORJ\�LQGXVWULHV�

Paul Scherrer Institute (Switzerland) Facility for Delivering 
Highly Targeted Radiotherapy with Beams of Accelerated 
Protons (Hadron 

 PSI)�Photography
 Sauer Scanderbeg (©�Therapy)

Bespoke cleanroom facility for Detector R&D, Testing and 
Assembly targeting LHC upgrades, future collider facilities and 
medical applications.(© BILPA, University of Birmingham)

Students and young scientists working on the construction of 
prototype detector modules. (© CERN)

Illustration of microelectronics circuitry integrated with a 
detecting medium as a single monolithic solid-state detector. 
(© ALICE collaboration)

< 2030 2030-
2035

2035-
2040

2040-
2045

> 2045

DRDT 1.1    Improve time and spatial resolution for gaseous detectors with 
long-term stability

DRDT 1.2    Achieve tracking in gaseous detectors with dE/dx and dN/dx capability 
in large volumes with very low material budget and different read-out 
schemes

DRDT 1.3    Develop environmentally friendly gaseous detectors for very large 
areas with high-rate capability

DRDT 1.4    Achieve high sensitivity in both low and high-pressure TPCs

DRDT 3.1    Achieve full integration of sensing and microelectronics in monolithic 
CMOS pixel sensors

DRDT 3.2    Develop solid state sensors with 4D-capabilities for tracking and 
calorimetry

DRDT 3.3    Extend capabilities of solid state sensors to operate at extreme 
fluences

DRDT 3.4    Develop full 3D-interconnection technologies for solid state devices 
in particle physics

DRDT 4.1    Enhance the timing resolution and spectral range of photon 
detectors

DRDT 4.2    Develop photosensors for extreme environments
DRDT 4.3    Develop RICH and imaging detectors with low mass and high 

resolution timing
DRDT 4.4    Develop compact high performance time-of-flight detectors
DRDT 5.1    Promote the development of advanced quantum sensing technologies
DRDT 5.2    Investigate and adapt state-of-the-art developments in quantum 

technologies to particle physics
DRDT 5.3    Establish the necessary frameworks and mechanisms to allow 

exploration of emerging technologies
DRDT 5.4    Develop and provide advanced enabling capabilities and infrastructure
DRDT 6.1    Develop radiation-hard calorimeters with enhanced electromagnetic 

energy and timing resolution
DRDT 6.2    Develop high-granular calorimeters with multi-dimensional readout 

for optimised use of particle flow methods
DRDT 6.3    Develop calorimeters for extreme radiation, rate and pile-up 

environments

DRDT 7.1    Advance technologies to deal with greatly increased data density
DRDT 7.2    Develop technologies for increased intelligence on the detector
DRDT 7.3    Develop technologies in support of 4D- and 5D-techniques
DRDT 7.4    Develop novel technologies to cope with extreme environments and 

required longevity
DRDT 7.5    Evaluate and adapt to emerging electronics and data processing 

technologies

DRDT 2.1    Develop readout technology to increase spatial and energy 
resolution for liquid detectors

DRDT 2.2    Advance noise reduction in liquid detectors to lower signal energy 
thresholds

DRDT 8.1    Develop novel magnet systems
DRDT 8.2    Develop improved technologies and systems for cooling
DRDT 8.3    Adapt novel materials to achieve ultralight, stable and high 

precision mechanical structures. Develop Machine Detector 
Interfaces.

DRDT 8.4    Adapt and advance state-of-the-art systems in monitoring 
including environmental, radiation and beam aspects

DCT 1          Establish and maintain a European coordinated programme for training in 
instrumentation

DCT 2          Develop a master’s degree programme in instrumentation

DRDT 2.4    Realise liquid detector technologies scalable for integration in 
large systems

DRDT 2.3    Improve the material properties of target and detector components 
in liquid detectors

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)

Gaseous

Liquid

Solid
state

PID and
Photon

Quantum

Calorimetry

Electronics

Integration

Training

Detector R&D Themes (DRDTs) and Detector Community Themes (DCTs). Here, 
except in the DCT case, the final dot position represents the target 
date for completion of the R&D required by the latest known future 
facility/experiment for which an R&D programme would still be needed 
in that area. The time from that dot to the end of the arrow represents 
the further time to be anticipated for experiment-specific prototyping, 
procurement, construction, installation and commissioning.  Earlier 
dots represent the time-frame of intermediate “stepping stone” 

projects where dates for the corresponding facilities/experiments are 
known. (Note that R&D for Liquid Detectors will be needed far into the 
future, however the DRDT lines for these end in the period 2030-35 
because developments in that field are rapid and it is not possible 
today to reasonably estimate the dates for projects requiring 
longer-term R&D. Similarly, dotted lines for the DCT case indicate that 
beyond the initial programmes, the activities will need to be sustained 
going forward in support of the instrumentation R&D activities).

_Identifying the Tools
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ECFA Detector Roadmap Summary: TF3
Relating Technology R&D to Major Drivers from Facilities

ILC
FCCee, 
CLIC

stepping  
stones

7KH�ÀJXUH�RSSRVLWH�LOOXVWUDWHV�WKH�´'HWHFWRU�5	'�7KHPHVµ��DRDTs��
LGHQWLÀHG�LQ�WKH�URDGPDS�SURFHVV��JURXSHG�DFFRUGLQJ�WR�WKH�DUHDV�
DGGUHVVHG�E\�WKH�QLQH�WDVN�IRUFHV�VHW�XS�E\�(&)$�WR�GHYHORS�D�
VWUDWHJ\�IRU�IXWXUH�GHWHFWRU�5	'�SULRULWLHV��$OO�WKH�WKHPHV�DUH�FULWLFDO�
WR�DFKLHYLQJ�WKH�VFLHQFH�SURJUDPPH�RXWOLQHG�LQ�WKH�(633�DQG�DUH�
GHULYHG�IURP�WKH�WHFKQRORJLFDO�FKDOOHQJHV�WKDW�QHHG�WR�EH�RYHUFRPH�
IRU�WKH�VFLHQWLÀF�SRWHQWLDO�RI�WKH�IXWXUH�IDFLOLWLHV�DQG�SURMHFWV�OLVWHG�LQ�
WKH�(633�WR�EH�UHDOLVHG���,W�LV�LPSRUWDQW�WR�HQVXUH�WKDW��IRU�HDFK�RI�WKH�
IXWXUH�IDFLOLWLHV�PHQWLRQHG�LQ�WKH�(633��GHWHFWRU�UHDGLQHVV�VKRXOG�QRW�
EH�WKH�OLPLWLQJ�IDFWRU�LQ�WHUPV�RI�ZKHQ�WKH�IDFLOLW\�LQ�TXHVWLRQ�FDQ�EH�
UHDOLVHG��,Q�PDQ\�FDVHV��OHVV�GHPDQGLQJ�GHYHORSPHQWV�DUH�UHTXLUHG�
IRU�H[SHULPHQWV�VFKHGXOHG�LQ�WKH�PHGLXP�WHUP��ZKLFK�FDQ�WKHQ�DFW�DV�
´VWHSSLQJ�VWRQHVµ��LOOXVWUDWHG�E\�WKH�LQ�EHWZHHQ�GRWV��WRZDUGV�DFKLHYLQJ�
WKH�ÀQDO�VSHFLÀFDWLRQV��

7KH�5	'�SULRULWLHV�DUH�RXWOLQHG�IRU�WKH�NH\�GHWHFWRU�W\SHV��WKRVH�EDVHG�
RQ�JDVHRXV��OLTXLG�RU�VROLG�VHQVLQJ�PDWHULDOV��DORQJ�ZLWK�WKRVH�UHTXLUHG�
IRU�VHQVLQJ�DVSHFWV�VSHFLÀF�WR�SKRWRQ��SDUWLFOH�LGHQWLÀFDWLRQ��3,'��
RU�HQHUJ\�PHDVXUHPHQW��FDORULPHWU\���,Q�DGGLWLRQ��TXDQWXP�VHQVRUV�
DUH�DOUHDG\�RIIHULQJ�UDGLFDOO\�QHZ�RSSRUWXQLWLHV�WR�SDUWLFOH�SK\VLFV��
DQG�WKHLU�IXUWKHU�GHYHORSPHQW�ZLOO�ZLGHQ�WKHLU�DSSOLFDELOLW\�WR�WKH�ÀHOG��
6RSKLVWLFDWHG�UHDG�RXW�WHFKQRORJLHV�DUH�HVVHQWLDO�WR�DOO�GHWHFWRU�W\SHV�
DQG�DUH�RIWHQ�WKH�OLPLWLQJ�IDFWRU�ZKHQ�YHU\�ODUJH�QXPEHUV�RI�FKDQQHOV�
DUH�WR�EH�LQVWUXPHQWHG��HVSHFLDOO\�JLYHQ�WKH�HYHU�PRUH�GHPDQGLQJ�
VHQVLWLYLW\�DQG�UREXVWQHVV�UHTXLUHG�IRU�RSHUDWLRQ�LQ�WKH�H[WUHPH�
FRQGLWLRQV�RI�PDQ\�SDUWLFOH�SK\VLFV�H[SHULPHQWV��8QLTXH�DGYDQFHG�
HQJLQHHULQJ�VROXWLRQV�DUH�QHHGHG�WR�FRPSOHPHQW�DOO�WKHVH�GHWHFWRU�
GHYHORSPHQWV�DQG��DV�ZLWK�DFFHOHUDWRUV��WKH�ÀHOG�GULYHV�PDQ\�DVSHFWV�
RI�SURJUHVV�LQ�PDJQHW�WHFKQRORJ\��/DVW�EXW�QRW�OHDVW��HQYLURQPHQWDO�
VXVWDLQDELOLW\�LV�D�FHQWUDO�UHTXLUHPHQW�IRU�DOO�IXWXUH�UHVHDUFK�DQG�
LQQRYDWLRQ�DFWLYLWLHV�

*LYHQ�WKH�YLWDO�LPSRUWDQFH�RI�H[SHUWLVH�LQ�D�ZLGH�UDQJH�RI�FXWWLQJ�
HGJH�WHFKQRORJLHV��WKH�GHWHFWRU�5	'�URDGPDS�DOVR�FRQWDLQV�VSHFLÀF�
UHFRPPHQGDWLRQV�LQ�WHUPV�RI�WUDLQLQJ���´'HWHFWRU�&RPPXQLW\�7KHPHVµ�
�DCTs���ZLWK�HPSKDVLV�RQ�SURYLGLQJ�EHWWHU�FRRUGLQDWLRQ�EHWZHHQ�WKH�
PDQ\�GLIIHUHQW�WUDLQLQJ�VFKHPHV�DYDLODEOH�DFURVV�(XURSH�DQG�H[SORULQJ�
PHFKDQLVPV�WR�HVWDEOLVK�D�FRUH�V\OODEXV�IRU�D�0DVWHUV�TXDOLÀFDWLRQ�
LQ�SDUWLFOH�SK\VLFV�LQVWUXPHQWDWLRQ��WKDW�EULQJV�WRJHWKHU�WKH�FUXFLDO�
HOHPHQWV�IURP�WKH�ODUJH�QXPEHU�RI�GLYHUVH�H[LVWLQJ�FRXUVHV��*LYHQ�WKH�
XQHYHQ�DFFHVV�WR�WUDLQLQJ�LQ�WKH�DUHD�RI�LQVWUXPHQWDWLRQ�LQ�DOO�UHJLRQV�
RI�WKH�ZRUOG��D�NH\�IRFXV�LV�WR�JUHDWO\�LPSURYH�WKH�LQFOXVLYLW\�RI�IXWXUH�
SURJUDPPHV��ZRUNVKRSV�DQG�VFKRROV��HQFRXUDJLQJ�WKH�ZLGHVW�SRVVLEOH�
GLYHUVLW\�RI�SDUWLFLSDQWV��

:KLOH�GHÀQLQJ�WKH�SULRULWLHV�ZLWKLQ�SDUWLFOH�SK\VLFV��DV�RXWOLQHG�
DERYH��WKH�(&)$�'HWHFWRU�5	'�5RDGPDS�DOVR�HPSKDVLVHV�WKH�YLWDO�
LPSRUWDQFH�RI�EHQHÀWLQJ�IURP�V\QHUJLHV�ZLWK�DGMDFHQW�UHVHDUFK�ÀHOGV��
NQRZOHGJH�LQVWLWXWLRQV�DQG�KLJK�WHFKQRORJ\�LQGXVWULHV�

Paul Scherrer Institute (Switzerland) Facility for Delivering 
Highly Targeted Radiotherapy with Beams of Accelerated 
Protons (Hadron 

 PSI)�Photography
 Sauer Scanderbeg (©�Therapy)

Bespoke cleanroom facility for Detector R&D, Testing and 
Assembly targeting LHC upgrades, future collider facilities and 
medical applications.(© BILPA, University of Birmingham)

Students and young scientists working on the construction of 
prototype detector modules. (© CERN)

Illustration of microelectronics circuitry integrated with a 
detecting medium as a single monolithic solid-state detector. 
(© ALICE collaboration)

< 2030 2030-
2035

2035-
2040

2040-
2045

> 2045

DRDT 1.1    Improve time and spatial resolution for gaseous detectors with 
long-term stability

DRDT 1.2    Achieve tracking in gaseous detectors with dE/dx and dN/dx capability 
in large volumes with very low material budget and different read-out 
schemes

DRDT 1.3    Develop environmentally friendly gaseous detectors for very large 
areas with high-rate capability

DRDT 1.4    Achieve high sensitivity in both low and high-pressure TPCs

DRDT 3.1    Achieve full integration of sensing and microelectronics in monolithic 
CMOS pixel sensors

DRDT 3.2    Develop solid state sensors with 4D-capabilities for tracking and 
calorimetry

DRDT 3.3    Extend capabilities of solid state sensors to operate at extreme 
fluences

DRDT 3.4    Develop full 3D-interconnection technologies for solid state devices 
in particle physics

DRDT 4.1    Enhance the timing resolution and spectral range of photon 
detectors

DRDT 4.2    Develop photosensors for extreme environments
DRDT 4.3    Develop RICH and imaging detectors with low mass and high 

resolution timing
DRDT 4.4    Develop compact high performance time-of-flight detectors
DRDT 5.1    Promote the development of advanced quantum sensing technologies
DRDT 5.2    Investigate and adapt state-of-the-art developments in quantum 

technologies to particle physics
DRDT 5.3    Establish the necessary frameworks and mechanisms to allow 

exploration of emerging technologies
DRDT 5.4    Develop and provide advanced enabling capabilities and infrastructure
DRDT 6.1    Develop radiation-hard calorimeters with enhanced electromagnetic 

energy and timing resolution
DRDT 6.2    Develop high-granular calorimeters with multi-dimensional readout 

for optimised use of particle flow methods
DRDT 6.3    Develop calorimeters for extreme radiation, rate and pile-up 

environments

DRDT 7.1    Advance technologies to deal with greatly increased data density
DRDT 7.2    Develop technologies for increased intelligence on the detector
DRDT 7.3    Develop technologies in support of 4D- and 5D-techniques
DRDT 7.4    Develop novel technologies to cope with extreme environments and 

required longevity
DRDT 7.5    Evaluate and adapt to emerging electronics and data processing 

technologies

DRDT 2.1    Develop readout technology to increase spatial and energy 
resolution for liquid detectors

DRDT 2.2    Advance noise reduction in liquid detectors to lower signal energy 
thresholds

DRDT 8.1    Develop novel magnet systems
DRDT 8.2    Develop improved technologies and systems for cooling
DRDT 8.3    Adapt novel materials to achieve ultralight, stable and high 

precision mechanical structures. Develop Machine Detector 
Interfaces.

DRDT 8.4    Adapt and advance state-of-the-art systems in monitoring 
including environmental, radiation and beam aspects

DCT 1          Establish and maintain a European coordinated programme for training in 
instrumentation

DCT 2          Develop a master’s degree programme in instrumentation

DRDT 2.4    Realise liquid detector technologies scalable for integration in 
large systems

DRDT 2.3    Improve the material properties of target and detector components 
in liquid detectors

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)

Gaseous

Liquid

Solid
state

PID and
Photon

Quantum

Calorimetry

Electronics

Integration

Training

Detector R&D Themes (DRDTs) and Detector Community Themes (DCTs). Here, 
except in the DCT case, the final dot position represents the target 
date for completion of the R&D required by the latest known future 
facility/experiment for which an R&D programme would still be needed 
in that area. The time from that dot to the end of the arrow represents 
the further time to be anticipated for experiment-specific prototyping, 
procurement, construction, installation and commissioning.  Earlier 
dots represent the time-frame of intermediate “stepping stone” 

projects where dates for the corresponding facilities/experiments are 
known. (Note that R&D for Liquid Detectors will be needed far into the 
future, however the DRDT lines for these end in the period 2030-35 
because developments in that field are rapid and it is not possible 
today to reasonably estimate the dates for projects requiring 
longer-term R&D. Similarly, dotted lines for the DCT case indicate that 
beyond the initial programmes, the activities will need to be sustained 
going forward in support of the instrumentation R&D activities).

_Identifying the Tools

FCChh

Example:  
Solid State Detectors
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Figure 3.1: Schematic timeline of categories of experiments employing solid state sensors
together with DRDTs and R&D tasks. The colour coding is linked not to the inten-
sity of the required e↵ort but to the potential impact on the physics programme of the
experiment: Must happen or main physics goals cannot be met (red, largest dot); Im-
portant to meet several physics goals (orange, large dot); Desirable to enhance physics
reach (yellow, medium dot); R&D needs being met (green, small dot); No further R&D
required or not applicable (blank).
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Solid State Detectors

C
O
N
FI
D
EN

T
IA
L
D
R
A
FT

3.2. MAIN DRIVERS FROM THE FACILITIES 61

Figure 3.1: Schematic timeline of categories of experiments employing solid state sensors
together with DRDTs and R&D tasks. The colour coding is linked not to the inten-
sity of the required e↵ort but to the potential impact on the physics programme of the
experiment: Must happen or main physics goals cannot be met (red, largest dot); Im-
portant to meet several physics goals (orange, large dot); Desirable to enhance physics
reach (yellow, medium dot); R&D needs being met (green, small dot); No further R&D
required or not applicable (blank).

ITS3
the idea (1): make use of the flexible nature of thin silicon

9Magnus Mager (CERN) | ALICE ITS3 | CERN detector seminar | 24.09.2021 |

schematic cross-section of ALPIDE

Silicon Genesis: 20 micron thick wafer

Chipworks: 30µm-thick RF-SOI CMOS
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ECFA Detector Roadmap Summary: TF6
Relating Technology R&D to Major Drivers from Facilities

ILC
FCCee, 
CLIC

stepping  
stones

FCChh

Example:  
Calorimeters

7KH�ÀJXUH�RSSRVLWH�LOOXVWUDWHV�WKH�´'HWHFWRU�5	'�7KHPHVµ��DRDTs��
LGHQWLÀHG�LQ�WKH�URDGPDS�SURFHVV��JURXSHG�DFFRUGLQJ�WR�WKH�DUHDV�
DGGUHVVHG�E\�WKH�QLQH�WDVN�IRUFHV�VHW�XS�E\�(&)$�WR�GHYHORS�D�
VWUDWHJ\�IRU�IXWXUH�GHWHFWRU�5	'�SULRULWLHV��$OO�WKH�WKHPHV�DUH�FULWLFDO�
WR�DFKLHYLQJ�WKH�VFLHQFH�SURJUDPPH�RXWOLQHG�LQ�WKH�(633�DQG�DUH�
GHULYHG�IURP�WKH�WHFKQRORJLFDO�FKDOOHQJHV�WKDW�QHHG�WR�EH�RYHUFRPH�
IRU�WKH�VFLHQWLÀF�SRWHQWLDO�RI�WKH�IXWXUH�IDFLOLWLHV�DQG�SURMHFWV�OLVWHG�LQ�
WKH�(633�WR�EH�UHDOLVHG���,W�LV�LPSRUWDQW�WR�HQVXUH�WKDW��IRU�HDFK�RI�WKH�
IXWXUH�IDFLOLWLHV�PHQWLRQHG�LQ�WKH�(633��GHWHFWRU�UHDGLQHVV�VKRXOG�QRW�
EH�WKH�OLPLWLQJ�IDFWRU�LQ�WHUPV�RI�ZKHQ�WKH�IDFLOLW\�LQ�TXHVWLRQ�FDQ�EH�
UHDOLVHG��,Q�PDQ\�FDVHV��OHVV�GHPDQGLQJ�GHYHORSPHQWV�DUH�UHTXLUHG�
IRU�H[SHULPHQWV�VFKHGXOHG�LQ�WKH�PHGLXP�WHUP��ZKLFK�FDQ�WKHQ�DFW�DV�
´VWHSSLQJ�VWRQHVµ��LOOXVWUDWHG�E\�WKH�LQ�EHWZHHQ�GRWV��WRZDUGV�DFKLHYLQJ�
WKH�ÀQDO�VSHFLÀFDWLRQV��

7KH�5	'�SULRULWLHV�DUH�RXWOLQHG�IRU�WKH�NH\�GHWHFWRU�W\SHV��WKRVH�EDVHG�
RQ�JDVHRXV��OLTXLG�RU�VROLG�VHQVLQJ�PDWHULDOV��DORQJ�ZLWK�WKRVH�UHTXLUHG�
IRU�VHQVLQJ�DVSHFWV�VSHFLÀF�WR�SKRWRQ��SDUWLFOH�LGHQWLÀFDWLRQ��3,'��
RU�HQHUJ\�PHDVXUHPHQW��FDORULPHWU\���,Q�DGGLWLRQ��TXDQWXP�VHQVRUV�
DUH�DOUHDG\�RIIHULQJ�UDGLFDOO\�QHZ�RSSRUWXQLWLHV�WR�SDUWLFOH�SK\VLFV��
DQG�WKHLU�IXUWKHU�GHYHORSPHQW�ZLOO�ZLGHQ�WKHLU�DSSOLFDELOLW\�WR�WKH�ÀHOG��
6RSKLVWLFDWHG�UHDG�RXW�WHFKQRORJLHV�DUH�HVVHQWLDO�WR�DOO�GHWHFWRU�W\SHV�
DQG�DUH�RIWHQ�WKH�OLPLWLQJ�IDFWRU�ZKHQ�YHU\�ODUJH�QXPEHUV�RI�FKDQQHOV�
DUH�WR�EH�LQVWUXPHQWHG��HVSHFLDOO\�JLYHQ�WKH�HYHU�PRUH�GHPDQGLQJ�
VHQVLWLYLW\�DQG�UREXVWQHVV�UHTXLUHG�IRU�RSHUDWLRQ�LQ�WKH�H[WUHPH�
FRQGLWLRQV�RI�PDQ\�SDUWLFOH�SK\VLFV�H[SHULPHQWV��8QLTXH�DGYDQFHG�
HQJLQHHULQJ�VROXWLRQV�DUH�QHHGHG�WR�FRPSOHPHQW�DOO�WKHVH�GHWHFWRU�
GHYHORSPHQWV�DQG��DV�ZLWK�DFFHOHUDWRUV��WKH�ÀHOG�GULYHV�PDQ\�DVSHFWV�
RI�SURJUHVV�LQ�PDJQHW�WHFKQRORJ\��/DVW�EXW�QRW�OHDVW��HQYLURQPHQWDO�
VXVWDLQDELOLW\�LV�D�FHQWUDO�UHTXLUHPHQW�IRU�DOO�IXWXUH�UHVHDUFK�DQG�
LQQRYDWLRQ�DFWLYLWLHV�

*LYHQ�WKH�YLWDO�LPSRUWDQFH�RI�H[SHUWLVH�LQ�D�ZLGH�UDQJH�RI�FXWWLQJ�
HGJH�WHFKQRORJLHV��WKH�GHWHFWRU�5	'�URDGPDS�DOVR�FRQWDLQV�VSHFLÀF�
UHFRPPHQGDWLRQV�LQ�WHUPV�RI�WUDLQLQJ���´'HWHFWRU�&RPPXQLW\�7KHPHVµ�
�DCTs���ZLWK�HPSKDVLV�RQ�SURYLGLQJ�EHWWHU�FRRUGLQDWLRQ�EHWZHHQ�WKH�
PDQ\�GLIIHUHQW�WUDLQLQJ�VFKHPHV�DYDLODEOH�DFURVV�(XURSH�DQG�H[SORULQJ�
PHFKDQLVPV�WR�HVWDEOLVK�D�FRUH�V\OODEXV�IRU�D�0DVWHUV�TXDOLÀFDWLRQ�
LQ�SDUWLFOH�SK\VLFV�LQVWUXPHQWDWLRQ��WKDW�EULQJV�WRJHWKHU�WKH�FUXFLDO�
HOHPHQWV�IURP�WKH�ODUJH�QXPEHU�RI�GLYHUVH�H[LVWLQJ�FRXUVHV��*LYHQ�WKH�
XQHYHQ�DFFHVV�WR�WUDLQLQJ�LQ�WKH�DUHD�RI�LQVWUXPHQWDWLRQ�LQ�DOO�UHJLRQV�
RI�WKH�ZRUOG��D�NH\�IRFXV�LV�WR�JUHDWO\�LPSURYH�WKH�LQFOXVLYLW\�RI�IXWXUH�
SURJUDPPHV��ZRUNVKRSV�DQG�VFKRROV��HQFRXUDJLQJ�WKH�ZLGHVW�SRVVLEOH�
GLYHUVLW\�RI�SDUWLFLSDQWV��

:KLOH�GHÀQLQJ�WKH�SULRULWLHV�ZLWKLQ�SDUWLFOH�SK\VLFV��DV�RXWOLQHG�
DERYH��WKH�(&)$�'HWHFWRU�5	'�5RDGPDS�DOVR�HPSKDVLVHV�WKH�YLWDO�
LPSRUWDQFH�RI�EHQHÀWLQJ�IURP�V\QHUJLHV�ZLWK�DGMDFHQW�UHVHDUFK�ÀHOGV��
NQRZOHGJH�LQVWLWXWLRQV�DQG�KLJK�WHFKQRORJ\�LQGXVWULHV�

Paul Scherrer Institute (Switzerland) Facility for Delivering 
Highly Targeted Radiotherapy with Beams of Accelerated 
Protons (Hadron 

 PSI)�Photography
 Sauer Scanderbeg (©�Therapy)

Bespoke cleanroom facility for Detector R&D, Testing and 
Assembly targeting LHC upgrades, future collider facilities and 
medical applications.(© BILPA, University of Birmingham)

Students and young scientists working on the construction of 
prototype detector modules. (© CERN)

Illustration of microelectronics circuitry integrated with a 
detecting medium as a single monolithic solid-state detector. 
(© ALICE collaboration)

< 2030 2030-
2035

2035-
2040

2040-
2045

> 2045

DRDT 1.1    Improve time and spatial resolution for gaseous detectors with 
long-term stability

DRDT 1.2    Achieve tracking in gaseous detectors with dE/dx and dN/dx capability 
in large volumes with very low material budget and different read-out 
schemes

DRDT 1.3    Develop environmentally friendly gaseous detectors for very large 
areas with high-rate capability

DRDT 1.4    Achieve high sensitivity in both low and high-pressure TPCs

DRDT 3.1    Achieve full integration of sensing and microelectronics in monolithic 
CMOS pixel sensors

DRDT 3.2    Develop solid state sensors with 4D-capabilities for tracking and 
calorimetry

DRDT 3.3    Extend capabilities of solid state sensors to operate at extreme 
fluences

DRDT 3.4    Develop full 3D-interconnection technologies for solid state devices 
in particle physics

DRDT 4.1    Enhance the timing resolution and spectral range of photon 
detectors

DRDT 4.2    Develop photosensors for extreme environments
DRDT 4.3    Develop RICH and imaging detectors with low mass and high 

resolution timing
DRDT 4.4    Develop compact high performance time-of-flight detectors
DRDT 5.1    Promote the development of advanced quantum sensing technologies
DRDT 5.2    Investigate and adapt state-of-the-art developments in quantum 

technologies to particle physics
DRDT 5.3    Establish the necessary frameworks and mechanisms to allow 

exploration of emerging technologies
DRDT 5.4    Develop and provide advanced enabling capabilities and infrastructure
DRDT 6.1    Develop radiation-hard calorimeters with enhanced electromagnetic 

energy and timing resolution
DRDT 6.2    Develop high-granular calorimeters with multi-dimensional readout 

for optimised use of particle flow methods
DRDT 6.3    Develop calorimeters for extreme radiation, rate and pile-up 

environments

DRDT 7.1    Advance technologies to deal with greatly increased data density
DRDT 7.2    Develop technologies for increased intelligence on the detector
DRDT 7.3    Develop technologies in support of 4D- and 5D-techniques
DRDT 7.4    Develop novel technologies to cope with extreme environments and 

required longevity
DRDT 7.5    Evaluate and adapt to emerging electronics and data processing 

technologies

DRDT 2.1    Develop readout technology to increase spatial and energy 
resolution for liquid detectors

DRDT 2.2    Advance noise reduction in liquid detectors to lower signal energy 
thresholds

DRDT 8.1    Develop novel magnet systems
DRDT 8.2    Develop improved technologies and systems for cooling
DRDT 8.3    Adapt novel materials to achieve ultralight, stable and high 

precision mechanical structures. Develop Machine Detector 
Interfaces.

DRDT 8.4    Adapt and advance state-of-the-art systems in monitoring 
including environmental, radiation and beam aspects

DCT 1          Establish and maintain a European coordinated programme for training in 
instrumentation

DCT 2          Develop a master’s degree programme in instrumentation

DRDT 2.4    Realise liquid detector technologies scalable for integration in 
large systems

DRDT 2.3    Improve the material properties of target and detector components 
in liquid detectors

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)

Gaseous

Liquid

Solid
state

PID and
Photon

Quantum

Calorimetry

Electronics

Integration

Training

Detector R&D Themes (DRDTs) and Detector Community Themes (DCTs). Here, 
except in the DCT case, the final dot position represents the target 
date for completion of the R&D required by the latest known future 
facility/experiment for which an R&D programme would still be needed 
in that area. The time from that dot to the end of the arrow represents 
the further time to be anticipated for experiment-specific prototyping, 
procurement, construction, installation and commissioning.  Earlier 
dots represent the time-frame of intermediate “stepping stone” 

projects where dates for the corresponding facilities/experiments are 
known. (Note that R&D for Liquid Detectors will be needed far into the 
future, however the DRDT lines for these end in the period 2030-35 
because developments in that field are rapid and it is not possible 
today to reasonably estimate the dates for projects requiring 
longer-term R&D. Similarly, dotted lines for the DCT case indicate that 
beyond the initial programmes, the activities will need to be sustained 
going forward in support of the instrumentation R&D activities).

_Identifying the Tools
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Figure 3.1: Schematic timeline of categories of experiments employing solid state sensors
together with DRDTs and R&D tasks. The colour coding is linked not to the inten-
sity of the required e↵ort but to the potential impact on the physics programme of the
experiment: Must happen or main physics goals cannot be met (red, largest dot); Im-
portant to meet several physics goals (orange, large dot); Desirable to enhance physics
reach (yellow, medium dot); R&D needs being met (green, small dot); No further R&D
required or not applicable (blank).

Example:  
Calorimeters

Looking Across the Fence, and Beyond Tomorrow ÿΐκ ̈́ϼцϊЅЏ̙ЏЅ
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Figure 3.1: Schematic timeline of categories of experiments employing solid state sensors
together with DRDTs and R&D tasks. The colour coding is linked not to the inten-
sity of the required e↵ort but to the potential impact on the physics programme of the
experiment: Must happen or main physics goals cannot be met (red, largest dot); Im-
portant to meet several physics goals (orange, large dot); Desirable to enhance physics
reach (yellow, medium dot); R&D needs being met (green, small dot); No further R&D
required or not applicable (blank).

Fast timing  
SPACAL
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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.

19th November 2021

General Strategic Recommendations 
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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.

19th November 2021
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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.

19th November 2021
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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.

19th November 2021
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constraints	of	commercial	confidentiality	where	these	apply	due	to	partnerships	with	industry.	Specifically,	for	publicly-funded	research	the	
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19th November 2021
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Innovation

Open Access publications



• The detector roadmap depicts a rich landscape of connected 
R&D activities 

• It exhibits synergies between parallel activities targeted at 
different future projects at different facilities 

• Opportunities appear where near-term projects with less 
demanding conditions may serve as stepping stones for a 
strategic R&D targeting more aggressive requirements  

• General strategic recommendations capture the needs of an 
evolving field with central importance for our future ambitions
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Next Step: Implementation Plan
Requested by CERN Council

8K. Jakobs, FCC Physics Workshop, Feb 2022                                 

Next Steps: Implementation Plan 

In its December meeting, CERN Council has mandated ECFA to work out a plan

“The Council further took note of the report by the Scientific Policy Committee Chair, Professor Rivkin, on 
the SPC’s positive response to the roadmaps [Accelerator and Detector R&D] at its September and 
December meetings, and of the statements by delegations voicing support for the content of the 
documents and expressing appreciation to ECFA, the LDG and all the members of the respective 
communities who had contributed to the preparation of the roadmaps. 

The Council agreed to invite ECFA and the LDG to elaborate, in close collaboration with the SPC, 
the funding agencies and the relevant research organisations in Europe and beyond, detailed 
implementation plans setting out milestones, priorities and funding sources, for consideration by the 
Council at its Session in March 2022.”

Consensus that momentum must be kept and a plan be put in place as early as possible 
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• ECFA Roadmap Coordination group has been entrusted to work out the implementation plan

Coordination Group: Phil Allport, Silvia Dalla Torre, Jorgen D’Hondt, Karl Jakobs,
Manfred Krammer, Susanne Kühn, Felix Sefkow and Ian Shipsey

• To be iterated with Restricted ECFA 

• Discussions with Funding Agencies are planned (together with LDG) before March Council 
week

• First presentation and discussion in March Council 

Next Steps: Implementation Plan 

12K. Jakobs, FCC Physics Workshop, Feb 2022                                 

ECFA Working Groups

WG 1: Physics Potential 
Convener:   Juan Alcaraz (CIEMAT - Madrid),  Jenny List (DESY), Fabio Maltoni (UC Louvain / Bologna) and 

James Wells (Univ. Michigan) Jorge de Blas (Granada) 

WG 2: Physics Analysis Methods
Convener: Patrizia Azzi (INFN-Padova / CERN), Fulvio Piccinini (INFN Pavia) and Dirk Zerwas (IJCLab / DMLab) 

Kick-off meeting to start WG1 and WG2 activities took place on 18th June: 

WG 3: Detector R&D 
Activities to be aligned with the ECFA Detector R&D Roadmap implementation 

It may be possible that important detector R&D activities can be embedded in the defined Detector R&D Themes 
(DRDTs) of the ECFA Detector R&D Roadmap and in the emerging structures set up during the implementation 
process 

Overall Goal:   ECFA workshops in 2022 and 2023;   
Final Report in 2024

https://indico.cern.ch/event/1033941/
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Conclusions 

Requested by the EPPSU, ECFA set up a Roadmap process with broad community 
consultation 
• Ensure that detector development with its long time scales does not become the limiting 

factor for the future projects envisaged by the European Strategy 

A matrix structure is laid out, displaying synergies between concurrent and 
subsequent projects 
• complemented by general strategic recommendations to strengthen the field 

Discussions towards the implementation are on-going 
• R&D collaborations and review processes will be important ingredients for success 

The roadmap should be updated together with the European Strategy



Back-up



The ECFA Roadmap for Detector Development | Felix Sefkow | February 2022 52

Experimental Conditions
FCCee

Mogens Dam / NBI Copenhagen

Experimental challenges
u 30 mrad beam crossing angle

q Detector B-field limited to 2 Tesla at Z-peak operation

q Very complex and tightly packed MDI (Machine Detector Interface)

u ”Continuous” beams (no bunch trains); bunch spacing down to 20 ns
q Power management and cooling (no power pulsing)

u Extremely high luminosities
q High statistical precision – control of systematics down to 10-5 level

q Online and offline handling of !(1013) events for precision physics:   ”Big Data”

u Physics events at up to 100 kHz
q Fast detector response (≲ 1 μs) to minimise dead-time and event overlaps (pile-up)

q Strong requirements on sub-detector front-end electronics and DAQ systems

v At the same time, keep low material budget: minimise mass of electronics, cables, cooling, … 

u More physics challenges
q Luminosity measurement to 10-4 – luminometer acceptance to 1 μm level

q Detector acceptance to ~10-5 – acceptance definition to few 10s of μm, hermeticity (no cracks!)

q Stability of momentum measurement – stability of magnetic field wrt Ecm (10-6)

q Impact parameters, detached vertices – Higgs physics (b/c/g jets); flavour and τ physics, life-time measurements

q Particle identification (π/K/p) without ruining detector hermeticity – flavour and τ physics (and rare processes)

19 Feb, 2021ECFA Detector R&D Roadmap Input Session 13

Central part of detector volume – top view

FCCee
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CDR: Two Complementary Detector Concepts

u Based on CLIC detector design; profits from technology
developments carried out for LCs (c.f. F.Simon’s talk) 

q All silicon vertex detector and tracker

q 3D-imaging highly-granular calorimeter system

q Coil outside calorimeter system

u New, innovative, possibly more cost-effective concept

q Silicon vertex detector

q Short-drift, ultra-light wire chamber

q Dual-readout calorimeter

q Thin and light solenoid coil inside calorimeter system

19 Feb, 2021ECFA Detector R&D Roadmap Input Session 14

CLD IDEA

”Proof of principle concepts”
• Not necessarily matching (all) detector requirements, which are still being spelled out

https://arxiv.org/abs/1911.12230,  https://arxiv.org/abs/1905.02520
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CLICdet: The Best of ILD and SID Worlds
Particle-flow Driven Detector Concepts

• 3.5T / 4T field
• TPC as main tracker, supplemented by outer Si envelope  

radius 1.77 m / 1.43 m
• VTX inner radius 16 mm
• 6 λI HCAL

For ILD: 2 versions 
(large / small) 
under study

larger volume

5T field
all-Si tracker with outer radius of 1.2 m
VTX inner radius 14 mm
4.5 λI HCAL

more compact

• Two detector concepts for ILC: SiD, ILD - with somewhat different optimisation

Frank Simon
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CLICdet: The Best of ILD and SID Worlds
Particle-flow Driven Detector Concepts

• 3.5T / 4T field
• TPC as main tracker, supplemented by outer Si envelope  

radius 1.77 m / 1.43 m
• VTX inner radius 16 mm
• 6 λI HCAL

For ILD: 2 versions 
(large / small) 
under study

larger volume

5T field
all-Si tracker with outer radius of 1.2 m
VTX inner radius 14 mm
4.5 λI HCAL

more compact

• Two detector concepts for ILC: SiD, ILD - with somewhat different optimisation
• A 4T solenoid, enclosing calorimeters and 

tracking

• All-silicon tracker, with 1 - 2% X0 / layer, 1.5 m 
radius, 7 µm single point resolution

• Vertex detector, with 3 double layers in barrel,   
31 mm inner radius 
0.2% X0 per layer, 25 µm pixels, 3 µm single 
point resolution, forced air cooling

• Highly granular calorimeters: 40 layers SiW 
ECAL (22 X0), 60 layers Scint/Steel HCAL (7.5 λI 
+ 1 λI in  ECAL)

Frank Simon
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Highly Granular Liquid Argon Calorimeters
For Example

Originally started with FCChh in mind 
Following recent advances on advanced materials for 
thin cryostats also studied for FCCee 
• both cryostat and high granularity are critical R&D directions  
Both warm and cold electronics considered 
• high-density feedthroughs  
• heat management of embedded FE chips 
• MIP sensitivity in reach 
High-tech development 
• and room for ideas, e.g. optical readout with UV-sensitive 

SiPMs 
• synergies with other noble liquid detectors 
See talk by N. Morange tomorrow 
• still need to build a Detector Concept around LAr Calo
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Scope

56

AIDAinnova	focusses	on	Strategic	R&D	
in	the	pre-TDR	phase		
• Technology	Readiness	Levels	2-7	
• Not	yet	experiment-specific:	
potential	to	unfold	synergies		

Include	some	prospective	R&D		
• competitive	call	at	start	of	project	
• “Blue	Sky”,	quantum	sensors,…	

Targeted	applications	
• Higgs	Factories	
• ALICE,	LHCb	LS3	pre-TDR,	ATLAS	&	
CMS	LS4	

• Accelerator-based	neutrino	
experiments	

• and	others
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Budget

57

49%	is	“generic”,	beneficial	for	all	future	projects:	
• Testbeam	and	facility	upgrades	
• Mechanics	and	cooling,	Software	
• “Blue	Sky”	R&D	plus	some	tasks	in	other	WP

51%	can	be	associated	with	1	to	3	projects	
• “Matrix"	to	be	taken	with	a	grain	of	salt…	
• Sharing	will	influence	generic	part,	too	
• Higgs	factory	detectors	have	largest	share


