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Opening Remarks

Detectors in the feasibility study: 

• support the implementation of the Roadmap for Detector R&D 
• to stay informed, register at https://indico.cern.ch/event/957057/page/27294-implementation-of-the-ecfa-detector-rd-roadmap 
• see also workshops in the framework of the ECFA study  https://indico.cern.ch/event/1044297/page/28993-wg3-group-activities 

• develop detector concepts to guide the R&D and establish the link between technologies 
and physics performance 

• the “D" in MDI 

https://indico.cern.ch/event/957057/page/27294-implementation-of-the-ecfa-detector-rd-roadmap
https://indico.cern.ch/event/1044297/page/28993-wg3-group-activities
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Detector Sessions

This session: This afternoon:
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Joint Sessions

This afternoon:
Tuesday: IR design and background studies



Back-up
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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

The figure opposite illustrates the “Detector R&D Themes” (DRDTs) 
identified in the roadmap process, grouped according to the areas 
addressed by the nine task forces set up by ECFA to develop a 
strategy for future detector R&D priorities. All the themes are critical 
to achieving the science programme outlined in the ESPP and are 
derived from the technological challenges that need to be overcome 
for the scientific potential of the future facilities and projects listed in 
the ESPP to be realised.  It is important to ensure that, for each of the 
future facilities mentioned in the ESPP, detector readiness should not 
be the limiting factor in terms of when the facility in question can be 
realised. In many cases, less demanding developments are required 
for experiments scheduled in the medium term, which can then act as 
“stepping stones” (illustrated by the in-between dots) towards achieving 
the final specifications. 

The R&D priorities are outlined for the key detector types: those based 
on gaseous, liquid or solid sensing materials; along with those required 
for sensing aspects specific to photon, particle identification (PID) 
or energy measurement (calorimetry). In addition, quantum sensors 
are already offering radically new opportunities to particle physics, 
and their further development will widen their applicability to the field. 
Sophisticated read-out technologies are essential to all detector types 
and are often the limiting factor when very large numbers of channels 
are to be instrumented, especially given the ever more demanding 
sensitivity and robustness required for operation in the extreme 
conditions of many particle physics experiments. Unique advanced 
engineering solutions are needed to complement all these detector 
developments and, as with accelerators, the field drives many aspects 
of progress in magnet technology. Last but not least, environmental 
sustainability is a central requirement for all future research and 
innovation activities.

Given the vital importance of expertise in a wide range of cutting-
edge technologies, the detector R&D roadmap also contains specific 
recommendations in terms of training,  “Detector Community Themes” 
(DCTs), with emphasis on providing better coordination between the 
many different training schemes available across Europe and exploring 
mechanisms to establish a core syllabus for a Masters qualification 
in particle physics instrumentation, that brings together the crucial 
elements from the large number of diverse existing courses. Given the 
uneven access to training in the area of instrumentation in all regions 
of the world, a key focus is to greatly improve the inclusivity of future 
programmes, workshops and schools, encouraging the widest possible 
diversity of participants. 

While defining the priorities within particle physics, as outlined 
above, the ECFA Detector R&D Roadmap also emphasises the vital 
importance of benefiting from synergies with adjacent research fields, 
knowledge institutions and high-technology industries.

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
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Calorimetry
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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).
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