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Outline

A Introduction to the DRDs Collaborations
A DRD1, the collaboration focusing on gaseous detector technologies

A Is it worth doing? Concrete examples of collaborative efforts and activities within the RD51

Collaboration. One example as well on DRD1 and Work Packages (strategic R&D).
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Introduction to the DRDs
Collaborations

This section will contextualize the setting up of several new R&D collaborations on instrumentation,
specifically the newly established DRDs, following the recommendations from the latest European
Strategy Update for Particle Physics. Motivation behind these collaborations and the main aims they

should focus on will be highlighted.
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. .
European Strategy Update for Particle Physics (ESPPU)

https://leuropeanstrategyupdate.web.cern.ch/

Record created 2020-06-19, last modified 2021-11-11

Other essential scientific
activities for particle physics

C. The success of particle physics experiments relies on innovative
2020 UPDATE OF THE FUROPEAN STRATEGY instrumentation and state-of-the-art infrastructures. To prepare and realise future
Birihe Euiropenn Swatagyy Group experimental research programmes, the community must maintain a strong focus

on instrumentation. 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
A be identified and exploited to boost efficiency in the development process and
European S'Q increase opportunities for more technology transfer benefiting society at large.
55 Collaborative platforms and consortia must be adequately supported to provide
coherence in these R&D activities. The community should define a global

https://cds.cern.ch/record/2721370/files/CERN-ESU-015- detector R&D roadmap that should be used to support proposals at the European
2020%20Update%20European%?20Strategy.pdf and national levels.
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October 2021

ECFA Detector R&D Roadmap Document

The links are here to the Synopsis and
Full Document as presented to the
Scientific Policy Committee and CERN
Council in December 2021.

The Full Documents can be found on
10.17181/CERN.XDPL.W2EX
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THE 2021 ECFA DETECTOR
RESEARCH AND DEVELOPMENT ROADMAP

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

ﬁ) ’ ECFA
European Strategy, Europeen Commitiee
Update for Fulure Acoaierators

Al /

SYNOPSIS OF THE 2021 ECFA DETECTOR
RESEARCH AND DEVELOPMENT ROADMAP

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

( \ ECFA
Europe@n} §trategy $m mn:;s
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https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4037008/ECFA%20Detector%20R%26D%20Roadmap%20Synopsis.pdf
https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4036993/ECFA%20Detector%20R%26D%20Roadmap%20Main%20File.pdf
https://cds.cern.ch/record/2784893

ECFA Detector R&D Roadmap Document

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &

Gaseous

Liquid

Solid
state

PID and
Photon

DRDT1.1

DRDT1.2

DRDT 1.3

DRDT 1.4
DRDT 2.1

DRDT2.2

DRDT2.3

DRDT 2.4

DRDT3.1

DRDT 3.2

DRDT3.3

DRDT 3.4

DRDT 4.1

DRDT 4.2
DRDT4.3

DRDT 4.4

DETECTOR COMMUNITY THEMES (DCTs)

2030-

<2030 2035

2035-

2040

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

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

2040-

2045

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

Achieve high sensitivity in both low and high-pressure TPCs

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

Advance noise reduction in liquid detectors to lower signal energy
thresholds

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

Realise liquid detector technologies scalable for integration in
large systems

> 2045

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

Develop solid state sensors with 4D-capabilities for tracking and
calorimetry
Extend capabilities of solid state sensors to operate at extreme

fluences
Develop full 3D-interconnection technologies for solid state devices

in particle physics

Enhance the timing resolution and spectral range of photon
detectors

Develop photosensors for extreme environments

Develop RICH and imaging detectors with low mass and high

resolution timing

Develop compact high performance time-of-flight detectors

DRDT5.1 Promote the development of advanced quantum sensing technologies

DRDT5.2 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

DRDT7.1 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

DRDT7.4 Develop novel technologies to cope with extreme environments and
required longevity

DRDT7.5 Evaluate and adapt to emerging electronics and data processing
technologies

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.

DRDTB.4 Adapt and advance state-of-the-art systems in monitoring
including envircnmental, radiation and beam aspects

Integration

Establish and maintain a European coordinated programme for training in
instrumentation
Develop a master's degree programme in instrumentation

Training

https://cds.cern.ch/record/2784893/files/Synopsis%200f%20the%20ECFA%20Detector%20R&D%20Roadmap.pdf
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General Strategic Recommendation

The report concludes with ten “General Strategic Recommendations™ (GSRs). The aim of these is
to propose mechanisms to achieve a greater coherence in detector R&D across Europe through
better streamlining of local and national activities. Greater coordination will reduce duplication,
improve effectiveness and give the area greater visibility. It will also give the field a greater voice
at a European level to make the case for the additional resources needed for Europe to maintain a
leading role in particle physics, with all the associated scientific and societal benefits that will flow
from this.

The GSR topics covered by the detailed recommendations in the report are:

GSR 1 - Supporting R&D facilities

GSR 2 - Engineering support for detector R&D

GSR 3 - Specific software for instrumentation

GSR 4 - International coordination and organisation of R&D activities
GSR 5 - Distributed R&D activities with centralised facilities

GSR 6 - Establish long-term strategic funding programmes

GSR 7 - “Blue-sky” R&D

GSR 8 - Attract, nurture, recognise and sustain the careers of R&D experts
GSR 9 - Industrial partnerships

GSR 10 - Open Science

October 2021
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GSR 4 - International coordination and organisation of R&D activities

In some, but not all, areas of generic detector R&D, community-led collaborations provide vital fora for exchange of ideas and pooling of
resources, thereby minimising duplication of effort. This ecosystem, which originally sprung from a CERN initiative around the challenges of
detectors for the LHC and has evolved over three decades, has proved to be very effective and has also spawned a number of
collaborations not linked to the original CERN structures. Within GSR 4, it is proposed to significantly refresh the structures and processes
for the creation and peer-reviewing of such R&D collaborations, encouraging CERN and the other national laboratories to actively assist in
catalysing this transformation

GSR 571 Distributed R&D Activities with Centralized Facilities

A major concern for the future of several sensor R&D areas (particularly those linked to solid-state devices, microelectronics and on-detector
data handling) is that R&D costs to exploit, adapt and further develop cutting-edge technologies are rising much faster than the rate of
inflation. Although addressing the niche specifications of particle physics can provide an important vehicle for product development, the field
remains by commercial standards a low volume market making it expensive. Increasingly, costs can only be met through a significant pooling
of resources, particularly given the growing complexity and degree of specialisation required of those involved in the device design and the
need to negotiate as a larger-scale organisation. GSR 5 proposes a solution to achieving the required critical mass through a network of
national hubs which, while improving focus and cost-effectiveness, would still allow a vibrant research base in individual smaller institutes and
university departments

GSR 61 Establish long-term strategic funding programs

Linked to rising R&D costs, the need for a critical mass and the decadal timescales for strategic R&D investments needed for the ESPP
programmes, there is an urgent need to augment the short-term funding mechanisms, suited for exploratory stages of the R&D cycle, with
funding mechanisms better suited to long-term programmes as outlined in GSR 6. The scale of the technical challenges, the long planning
horizons and the need to build serious relationships with industrial partners make sustained strategic investment a must, particularly if
matching resources are to be leverage

<C\ERN3§? E. Oliveri, Gaseous Detector R&D, RPC2024, Santiago De Compostela September 11, 2024
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The DRD1 Collaboration on
gaseous detector technologies
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Requirements for future experiments at future
facilities

A Muon Systems (HL-LHC, ILC/FCC-ee/CepC/SCTF, Muon
Collider, Hadron Physics, FCC-hh),

Rate Capabilities Up to several MHz/cm2

?.pa“i Reslot'.“t'on BOW” :0 fom:‘ f A Inner and Central Tracking (HL-LHC, ILC/FCC-ee/CepC/SCTF,
'me esolution own {0 Tew tens ot ps Rare/Atomic/Nuclear Physics, Hadron Physics),

Radiation Hardness  up to 103 n /cm?/y

Ageing Up to C/em2 A Preshower/Calorimeters (ILC/FCC-ee/CepC/SCTF, Muon

Material Budget <1% X/X0 Collider, Hadron Physics),

Magnetic Field Up to several Tesla

Gain Larger than 10°-10° A Particle ID/TOF:; RICH and TRD (Hadron and Nuclear Physics,

dE/dx Down to 10% FCC-ee/CepC), TOF (Hadron and Nuclear Physics),

e .

A TPC for Rare Decays (WIMP, Solar Axions, Nuclear Physics,

Extracted by ECFA Detector R&D Roadmap (detailed : .
y b ( Neutrino and neutrino-less double beta decay, DM)

tables in backup) 10.17181/CERN.XDPL.W2EX
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https://cds.cern.ch/record/2784893

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

2030- 2035- 2040-
<2030 035 200 2085 20%

DRDT L1 Improve time and spatial resolution for gaseous detectors with e ——
long-term stability

DRDT1.2 Achieve tracking in gaseous detectors with dE/dx and dN/dx capability — eee————)
in large volumes with very low material budget and different read-out
schemes

DRDT1.3 Develop environmentally friendly gaseous detectors for very large —————
areas with high-rate capability

DRDT1.4 Achieve high sensitivity in both low and high-pressure TPCs =0

https://cds.cern.ch/record/2784893/files/Synopsis%200f%20the%20ECFA%20Detector%20R&D%20Roadmap.pdf
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DRD1: A very large and diversified set of technologies and

solution, a very large and diversified community

A More than 160 Institutes
A More than 30 Countries
A More than 700 members
A 5 Industrial, Semi-Industrial and Research Foundations

WIRE LVD
16% 15%

TPC
16%
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