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ECFA

European Committee for

Grouped targeted facilities/areas emerging from the EPPSU

1. Detector requirements for full exploitation of the HL-LHC (R&D still needed for LS3 upgrades and for experiment upgrades
beyond then) including studies of flavour physics and quark-gluon plasma (where the latter topic also interfaces with nuclear
physics).

2. R&D for long baseline neutrino physics detectors (including aspects targeting astro-particle physics measurements) and
supporting experiments such as those at the CERN Neutrino Platform.

3. Technology developments needed for detectors at ete- EW-Higgs-Top factories in all possible accelerator manifestations
including instantaneous luminosities at 91.2GeV of up to 5x103¢cm-2s-1,

4. The long-term R&D programme for detectors at a future 100 TeV hadron collider with integrated luminosities targeted up to
30ab! and 1000 pile-up for 25ns BCO.

5. Specific long-term detector technology R&D requirements of a muon collider operating at 10 TeV and with a luminosity of the
order of 103>cm=2s71.

6. Detector developments for accelerator-based studies of rare processes, DM candidates and high precision measurements
(including strong interaction physics) at both storage rings and fixed target facilities, interfacing also with atomic and nuclear
physics.

7. R&D for optimal exploitation of dedicated collider experiments studying the partonic structure of the proton and nuclei as well
as interface areas with nuclear physics.

8. The very broad detector R&D areas for non-accelerator-based experiments, including dark matter searches (including axion
searches), reactor neutrino experiments, rare decay processes, neutrino observatories and other interface areas with astro-
particle physics.
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ECFA

European Committee for

Grouped targeted facilities/areas emerging from the EPPSU

In addition, facilities and structures supporting detector development need to be evolved:

10.

11.

12.
13.

Facilities needed for detector evaluation, including test-beams and different types of irradiation sources, along with the
advanced instrumentation required for these.

Infrastructures facilitating detector developments, including technological workshops and laboratories, as well as tools for the
development of software and electronics.

Networking structures in order to ensure collaborative environments, to help in the education and training, for cross-
fertilization between different technologically communities, and in view of relations with industry.

Overlaps with neighbouring fields and key specifications required for exploitation in other application areas

Opportunities for industrial partnership and technical developments needed for potential commercialisation
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Input from community: TF2

* Inputs from the community collected by a questionnaire in March 2021

* Liquid detector TF2 Symposium organized on April 9, 2021
https://indico.cern.ch/event/999815/

+ First part: Noble liquids (properties, charge collection, purification, cryogenics
and infrastructure)

+ Second part: Any liquids (light collection, LSc and WC, readout)

+ Breakout rooms for discussion after each part + summary and recap of
discussions

+ Highlights of novel ideas + summary and future directions
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NEUTRINO PHYSICS RARE PROCESSES
(acc & non-acc) (non-acc)
» Oscillation precision measurements - Dark matter searches

« Neutrino interactions « OvBp
« Astrophysical neutrinos * ..
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Main technologies

* Liquid Noble Gas TPC: ProtoDUNE,

DUNE, SolAr, SBN, LZ, XENON, DARWIN,
DEAP-3600, DarkSide, Argo...

* Liguid Scintillator: Borexino, JUNO,
THEIA, LiquidO, ...

* WC: KM3NeT, IceCube, SK/HK, ...

Large liquid active volumes (tons
to kilotons) and large readout

areas (thousand m2)

ECFA Detector R&D Roadmap - DRD 2: Liquid Detectors 9



Liquid Detectors DRDTs

* DRDT 2.1 - Develop readout technology to increase spatial and energy resolution for liquid detectors.
Developments should achieve readout of more highly pixellated detectors with greater photon collection capabilities.
Advancing liquid detector readout technologies towards greater quantum efficiency while still offering much higher
granularity is a further objective.

* DRDT 2.2 - Advance noise reduction in liquid detectors to lower signal enerqgy thresholds. The expected
performance of future liquid detectors requires R&D to achieve lower sensor and electronics noise, as well as
developments to measure simultaneously more components of the energy partition: for example light, charge and heat.

* DRDT 2.3 - Improve the material properties of target and detector components in liquid detectors. The R&D on
material properties for liquid detectors aim to improve the emission properties of the target, for example through
doping of Xe in Ar, H in Xe, Gd in H20, and to achieve lower radiogenic backgrounds from the detector components,
via target purification, material radioassay, and cryogenic distillation to change isotopic content.

* DRDT 2.4 - Realise liquid detector technologies scalable for integration in large systems. Dedicated
developments should achieve applications of the previous DRDTs in future detectors ten to a hundred times larger,
compared to the current state of the art, and allow coping with increased noise hit rates from detectors with sensor
areas reaching 10, 100 and ultimately 1000 m2. This will have to proceed while addressing the step change in
complexity, with decade-long construction, in underground or undersea environments, with handling of heat load,
value engineering and industrial production.




R&D roadmap
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Readout
develop-
ment

Measure-
ment
strategy

Target
properties

Scaling up
challenges

. Must happen or main physics goals cannot be met
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@ Important to meet several physics goals

Desirable to enhance physics reach @ RE&D needs being met
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Implementation of the Detector R&D roadmap

An implementation plan was approved by the SPC and CERN Council in September 2022

ECFA Detector Panel

Co-chairs:

Phil Allport (Birmingham)
Didier Contardo (IP2] Lyon)

Scientific secretary:

Doris Eckstein (DESY)

Gaseous Detectors:

Silvia Dalla Torre (Torino)

Liquid Detectors:

Inés Gil Botella (CIEMAT, Madrid)

Solid State Detectors:

Doris Eckstein (DESY)
Phil Allport (Birmingham)

PID & Photon Detectors:

Roger Forty (CERN)

Quantum and emerging Technologies.:

Steven Hoekstra (Groningen)

Calorimetry: Laurent Serin (IlJCLab)
Electronics: Valerio Re (Bergamo)
Ex Officio: Karl Jakobs (ECFA Chair)

lan Shipsey (ICFA Detector Panel)
Observer for APPEC Aldo lanni (INFN, LNGS)

Observer for NUPECC

Eugenio Nappi (INFN, Unit of Bari)

ECFA

Community
interaction

[GERN Research Board ]— e

F 3
Recommends

Approves

CERN COUNCIL

-

I CERN 5PC

(" Scientific and Resource Reporting and Review A
Roadmap Oversight and Detector Research and Development Reports
Community Interaction Committee (DRDC)
ECFA Detector Panel Includes members from: ECFA Detector Panel,
(EDP) ‘ ’ CERN and LDG
Includes ex-officio: APPEC, T e T T T "
) ' , On request, additional experts F the EDP
NUPECC and ICFA IID Panel* S AR v R
representatives R e e
* ICFA Instrumentation, Innovation
and Development Fanel

Detector RD (DRD) Collaborations

DRD 2 DRD 3

nnnnn
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Current status of DRD 2 implementation

* A new survey was conducted as starting point for the DRD 2 implementation

* Group of experts (from France, Germany, ltaly, Poland, Spain, UK + Canada, USA) meeting
every 2 weeks preparing:

+ 20-page proposal following ECFA guidelines

» Milestones, deliverables, test facilities and needed resources (FTEs and funding) per DRDT for next 3-5 years

* Recruiting interested institutions

+ Online community workshop (18 or 20 April) to gather further input

* DRD 2 proposal submission to ECFA by early Summer 2023
e Fall 2023 review of proposals; end 2023 formal approval of DRDs by CERN Research Board



Current state of DRD 2 structure

WP 1: Charge Readout WP 2: Light Readout WP 3: Target Properties

WP 4: Scaling-up
challenges

1.1: Pixels 2.1: Increased sensor QE 3.1: Purification

1.2: Amplification 2.2: Higher efficiency 3.2: Doping & isotope
WLS/collection loading

1.3: lon detection 2.3: Electronics, readout, 3.3: Optimization of light
integration for cryogenics emission & transport

1.4: Dual (charge + light) | 2.4: Improved sensors for 3.4: Microphysics &
LS/Water characterization

1.5: Charge to light

4.1: Material properties

4.2: Radiopurity & bkg
mitigation

4.3: Detector & target
procurement/production

4.4 Large-area readout

ECFA Detector R&D Roadmap - DRD 2: Liquid Detectors
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Current state of DRD 2 structure

WP 1: Charge Readout WP 2: Light Readout WP 3: Target Properties

g‘?b“&Leaders of WP

WP 4: Scaling-up
challenges

1.1: Pixels 2.1: Increased sensor QE 3.1: Purification

1.2: Amplification 2.2: Higher efficiency @ 3.2: Doping & isotope
WLS/collection loading
oph

1.3: lon detection 2.3: Electronics, readout, 3.3: Optimization of light
integration for cryogenics “& emission & transport
<P
1.4: Dual (charge + light) | 2.4: Improved sensors for 3.4: Microphysics &
LS/Water characterization

1.5: Charge to light

4.1: Material properties

4.2: Radiopuritng& bkg
mitigation
oph

4.3: Detector & target
procurement/production

4.4 Large-area readout
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