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1. [bookmark: _Toc33606996]Excellence
[bookmark: _Toc33606997]The exploration of the universe and its elementary constituents is one of the main curiosity-driven quests of mankind.  Particle physics advances fundamental science at the smallest distances and highest interaction energies, and it is deeply connected to the evolution of the early universe. While the Standard Model of particles and forces can explain all atomic and sub-atomic effects known today, many questions remain unanswered. From astrophysical observations, we know that new types of matter exist, which have so far never been seen in the laboratory. Following the Nobel-prize awarded discovery of the Higgs boson at the Large Hadron Collider LHC, the exploration of this novel particle with maximum precision is considered a major science driver and a tool for discovery itself, with the potential for bringing disruptive innovation into the field.	Comment by Konrad Elsener: language	Comment by Konrad Elsener: language
Fundamental physics research is also pursued as an important societal goal since science drives technology development and technology has a major impact on social welfare. Particle physics is a worldwide endeavour, attracting a global community of more than 10,000 scientists, and the leadership of Europe, with CERN as its major laboratory, is internationally recognised. Scientific installations at CERN are unique in scale, the largest and most complex technical systems ever realised.
Discoveries in particle physics are tool-driven by the technology of accelerators and detectors, which advance together. More performant accelerators, reaching higher energies and intensities, require more performant detectors to unfold their scientific potential. More energetic and complex collision events demand more detailed and more precise measurements, in more challenging (e.g. higher radiation) environments, producing more complex data at higher rates and commanding the development of new technologies such as pico-second sensors and novel electronics or machine learning. 	Comment by Konrad Elsener: language
This quest for ultimate particle detector performance continuously drives available or emerging technologies beyond their limits, and the almost industrial scale at which this happens, is one of the roots of its broader societal and economic impact. Developments are driven by the close collaboration between physicists, engineers, and industrial partners. The role of industry is rapidly increasing, due to the need of advanced technologies calling for highly specialised equipment, for example in microelectronics integration, and due to the scale of the installations, where thousands or millions of components require industrial-scale production and quality control infrastructure. 
AIDAinnova advances the European detector development infrastructures and capabilities through fostering an intensified co-innovation with industry. Based on the success of the previous EC-funded initiatives AIDA and AIDA-2020, the project now fully integrates commercial players, 10 industrial companies and 4 Research Technology Organisations (RTO), together with academic institutions into the consortium, which altogether comprises 47 partners from 15 countries. This will tighten existing collaborative links and offer to the industrial partners new possibilities for direct participation in the research process while providing science with direct access to the latest technologies beyond state-of-the-art.
Knowledge transfer will primarily be catalysed through co-innovation, collaborative work in common detector projects, and it will strengthen the competence and competitiveness of the industrial partners in other markets. The direct collaboration will also help to identify, at an early stage in the research process, the potential for commercial spin-off applications of originally science-driven technological developments. 	Comment by Konrad Elsener: language
AIDAinnova covers all key detector technologies and focusses on strategic developments for future detectors, following the guidance provided by the process of the European Particle Physics Strategy Update, which identified the major future accelerator projects under consideration, their technical timelines and specific detector requirements. The scope focuses on developments for detectors at the High Luminosity phase of the Large Hadron Collider (HL-LHC), which are still in the R&D phase, for detectors at a future Higgs factory based on electron-positron (e+e-) collisions, and for accelerator-based neutrino experiments. AIDAinnova also supports a few selected critical technology-driven prospective detector developments.
1.1 Context
[bookmark: _Hlk32944897][bookmark: _Ref34643266]The European Strategy for Particle Physics, which is due to be updated by May 2020, guides and prioritises the direction of the field. The update process started in 2018 with the collection of input from the community on physics, accelerator facilities, detectors and other aspects (e.g. links with other fields, careers, etc.). Community-wide scrutiny of the input culminated in the CERN Council Open Symposium in May[footnoteRef:3] and led to the publication of the Physics Briefing Book[footnoteRef:4] in October 2019. This document describes the scientific pillars for the European Strategy Group (ESG) to formulate the European Strategy Update for approval by the CERN Council. Even if the update of the strategy has not yet been finalised, the intense discussions and the Briefing Book clearly show the direction for the coming years and provide a strong indication of the mid-term and long-term future of the field. [3:  https://cafpe.ugr.es/eppsu2019/]  [4:  https://arxiv.org/abs/1910.11775] 

The exploitation of the full potential of the LHC, including the accelerator and detector upgrades for and during the HL-LHC remains a high priority. The ATLAS and CMS experiments are progressing rapidly toward the completion of their ongoing detector upgrades by 2025. Nonetheless, it is now clear that both ATLAS and CMS innermost pixel layers will have to be replaced once HL-LHC has accumulated about half of the expected luminosity by approximately 2034.  The ALICE and LHCb experiments are also planning further major upgrades by that time. The LHCb Upgrade II will enable a wide range of flavour physics measurements and tracing of rare decays to be determined at HL-LHC with unprecedented precision, complementing and extending the reach of Belle II. With its future upgrade ALICE will conduct deeper exploration of strongly interacting matter at extreme energy densities including the investigations of new states of matter such as the Quark Gluon Plasma.	Comment by Konrad Elsener: language
The community agrees that a future e+e- collider is necessary to study the Higgs Boson in fine detail. Four options for a future e+e- collider were submitted to the present strategy process: The Project Implementation Plan for the Compact Linear e+e- Collider (CLIC) and the Conceptual Design Report for a Future Circular Collider (FCC) in Europe; in addition, a technical design report sexists  for the International Linear Collider (ILC) under consideration in Japan and a Technical Design Report exists for the Circular Electron Positron Collider (CEPC) being proposed in China.  The CLIC program will start at a centre-of-mass energy of 380 GeV, with possibility to extend to 1.5 and 3 TeV. ILC and CEPC focus on an initial collision energy of 250 GeV, with upgrade possibilities for the ILC, while CEPC would later run at the Z peak and then at the WW threshold. The FCC wouldill first operate as an e+e- collider (FCC-ee) evolving in time as a Z, WW, Higgs and top quark factory by increasing its centre-of-mass energy from 91 GeV to 365 GeV. In a second stage, starting around 2060, the FCC would be converted to become a 100 TeV proton-proton collider (FCC-hh). If CLIC or FCC-ee would be built, they could technically start operation in the second half of the 2030s.
The CERN neutrino programme, which was initiated at the last European Strategy Update in 2013, has been extremely successful and has led to the construction of two important prototypes for the Liquid Argon based Time Projection Chambers that will be deployed in the US long-baseline neutrino oscillation experiments. 
The success of this ambitious experimental particle physics programme outlined in  Figure 1 relies on the development of innovative instrumentation, state-of-the-art infrastructure and advanced computing for future detectors.  This will be achieved with the prioritised programme proposed in AIDAinnova, which is outlined in Table 1. This program brings emphasis to the key technology areas identified in the Physics Briefing Book3.
1.2 [bookmark: _Toc33606998]Objectives 
The objectives of AIDAinnova will be aligned with the European Strategy for Particle Physics. While the proposal for the previous project AIDA-2020 could directly refer to the strategy formulated in 2013, AIDAinnova presents its proposal a few months before an new update of the strategy document will be released. However, as discussed in the previous section, there is consensus in the High Energy Physics (HEP) community that the next accelerator should be an e+e- collider, and there are technically driven timelines that determine the sequence of possible future projects, i.e. that an e+e- based Higgs factory could be realised earlier than a future high energy hadron collider. Therefore, building on the very successful AIDA-2020 project, AIDAinnova putsbrings greater focus on instrumentation for a Higgs factory, a larger involvement in neutrino physics at accelerators and in general a stronger engagement with industry. 
[image: ]

[bookmark: _Ref33372964] Figure 1 : Timeline of future accelerator projects under consideration for particle physics.
The overall objectives of the AIDAinnova project are as follows:
	· To explore applications of novel technologies such as integrated CMOS sensors, additive manufacturing or machine learning, and to assess their performance for the challenging needs of future or upgraded HEP experiments 
· To strengthen the synergies between different projects and communities, with added value such as optimal use of modern concepts in common software frameworks and common prototyping using latest technologies for microelectronics. 
· To increase the efficiency and quality of the beam test and irradiation facilities by supporting their upgrades and improvements through dedicated Innovation Activities
· To render European Industry ready for large series production of HEP detectors 


Figure 2 summarises the innovation on detector technologies that has to occur for the next generation of accelerator-based HEP experiments. An impressive step forward was achieved in detector and accelerator performance at the LHC. A further innovative step will be needed for the next generation of detectors. To achieve better time, spatial and energy resolution, high granularity is of major importance for tracking detectors and calorimetry. At large electron-positron machines, like a future Higgs factory, full event reconstruction renders low power consumption and a minimal amount of material (referred to as low “material budget”) in the tracking detectors as are crucial design criteria. 4D tracking and 5D calorimetry – i.e. adding precise timing information to space points and highly granular energy measurements - are becoming a reality in HEP and will need to become mainstream for the future Higgs factories. Software for detector simulation and data reconstruction is a key ingredient both at the design stage and for validating detector performance; it needs to consider diverse computing environments and highly-parallel structures. Moreover, machine learning algorithms and tools are becoming a standard in HEP and will have to be embedded in all the steps of data processing. Stringent constraints are imposed on the purity of gases and other materials used in the detectors. System aspects such as the mechanical support structures, compact interconnections and cooling of detector systems have also to be considered at an early design stage, tested and validated. 
· AIDAinnova will advance detector technologies beyond the state-of-the-art and improve the detector development infrastructures available to the European particle physics community.
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[bookmark: _Ref33595424]Figure 2 :  Technological challenges at future detectors, to be addressed by the AIDAinnova project
Future experiments will require large-scale apparatus, for instance thousands of square metres of gas detectors, as well as long term operation, as most large experiments take data for very long periods of time. While some small prototypes can be built and tested in the academic institutes, very large productions can only be handled by industry. The industrial engineering will have to be studied and optimised from the very early stages, and this can only be done in close collaboration with industry. While the main aim of AIDAinnova is to support the development of detector systems for HEP projects, past experience has shown that many of these developments can be expected to be used in other fields or lead to societal applications. 
· AIDAinnova will strengthen the links between academic Institutes and European industry both for large-scale production and for developing innovative products. 
AIDA and later AIDA-2020 were the first European projects on detector instrumentation that were transversal to all accelerator-based HEP experiments and projects. While there is a long tradition of efficient collaboration between institutes inside experiments, the EU Integrating Activity projects are a perfect framework to enhance collaboration across the different HEP projects.  Based on the AIDA-2020 experience, the goal of AIDAinnova is to continue to serve as the European forum for the development of detectors and infrastructure for HEP. While the acronym has been kept, as a brand of a successful collaborative effort on detectors in Europe, AIDAinnova will depart from AIDA-2020 by further enhancing the detector performances and the links with European industries. The infrastructures developed in AIDA-2020 will be supported to facilitate their wider use by the community, and some will be upgraded to cope with the new detector challenges.
· AIDAinnova will strongly contribute to maintaining European leadership in the field of particle physics. 
The HEP community needs more young researchers to master detector instrumentation in Europe. AIDAinnova gives young researchers the opportunity to increase their scientific knowledge and expertise by providing access to high quality equipment and infrastructure, by creating a network of high-level experts, and by supporting the participation of PhD students in instrumentation conferences and schools. The close interaction with industrial partners should also establish new opportunities outside of the academic sector.  About 40-50 PhD students are expected to contribute to the different AIDAinnova activities. 
· AIDAinnova will enhance the Science & Technology training and job prospects for young European researchers. 
1.3 [bookmark: _Toc32932223][bookmark: _Toc33606999][bookmark: _Toc32572297]Relation to the work programme 
This proposal addresses the topic INFRAINNOV-04-2020: Innovation pilots, under the domain of detector technologies for accelerators. 
1.3.1 [bookmark: _Toc32932224][bookmark: _Toc33607000]Specific Challenge
[bookmark: _Toc32932225][bookmark: _Toc33607001]Experiments in High-Energy Physics require the development of more and more sophisticated and advanced detectors, facing technological challenges, which can only be addressed through the concerted efforts of the whole community. AIDAinnova will provide a large coordinated platform – unique at the European level – for advanced detector research and development (R&D), integration and validation, in collaboration with European industry.  The participation of European industry in a EC-funded HEP detector project is a novel element since in the past the integrating activities in detector R&D included primarily academic institutes and research laboratories with occasional industrial involvement in the form of sub-contracting, or at an informal level. 
1.3.2 Scope
The scientific programme of AIDAinnova is the result of a wide consultation in the HEP community carried out in 2019, as a result of which more than 160 expressions of interest were received.  At an open meeting held at CERN, the main requirements for major upgrades and the construction of future HEP detectors were discussed. The selection process puts emphasis on (i) innovative and challenging topics that go beyond the scope of single experiments and for which collaboration with industry is envisaged, and (ii) topics, which are in line with the priorities of the HEP community, emerging from the Open Symposium[footnoteRef:5] held in Granada in May 2019, and summarised in the Physics Briefing Book[footnoteRef:6] released in October 2019.  [5:  https://cafpe.ugr.es/eppsu2019/ ]  [6:  http://cds.cern.ch/record/2691414 ] 

A special task in the Management Work Package of AIDAinnova will be dedicated to the definition of a Roadmap for European Detector R&D, to be completed by the end of the first year of the project. This Roadmap will be based on the Updated European Strategy for Particle Physics, which will be presented for approval to the CERN Council at a special session in May 2020, and will be prepared in consultation with the detector panels of relevant representative bodies of the HEP community, such as ECFA[footnoteRef:7] and ICFA[footnoteRef:8].  [7:  European Committee for Future Accelerators, https://ecfa.web.cern.ch/ ]  [8:  International Committee for Future Accelerators, https://icfa.fnal.gov/ ] 

AIDAinnova aims atto developping innovative state-of-the-art monolithic and hybrid pixel, calorimetric, gaseous and cryogenic detectors, as well as novel electronics and mechanics components and dedicated advanced software needed for experiments at future colliders. 
The project brings together the leading European research infrastructures in the field of detector development and testing, complemented by a number of research institutes and universities with specific expertise. In addition, three Research and Technology Organisations (RTOs) and 9 industrial companies participate in the project.  In total, 15 countries and CERN are involved in a coordinated programme, well in line with the expected priorities of the European Strategy for Particle Physics, which is recognised by ESFRI[footnoteRef:9] and the EC as the reference Roadmap for Particle Physics in Europe.   [9:  European Strategy Forum on Research Infrastructures ] 

[bookmark: _Toc32932226][bookmark: _Toc33607002]AIDAinnova has a full cost budget of 30 M€ (see section 3.4) of which the requested EC contribution is 10 M€ and 20 M€ are matching resources. The project will thus provide, on the one hand, a strong alignment with the main long-term directions and priorities of the HEP community, and on the other hand, a strong leverage of EU funding with matching resources from national funding agencies and CERN. Therefore, the programme of AIDAinnova can be seen as step towards a sustainable European programme for detector R&D, for which the main funding stream will come from national resources. 
In order to exploit synergies and share results with other selected innovation pilots under the topics targeted by the INFRAINOV-04-2020 call (light source technologies, accelerator technologies, and detector technologies for accelerators) we propose to create a joint Coordination Group, which will have as objectives (i) to define a common approach for the scientific areas that are at the boundaries between the competences of the different  communities, (ii) to exchange information on the advancement and results of the respective projects, (iii) to identify areas of cooperation and, where appropriate, to launch common initiatives in the form of workshops, studies, joint position papers, etc. Possible areas of cooperation cover technology transfer, models and schemes for cooperation with industry, standardisation of equipment, training, etc.  
We propose that the selected INFRAINNOV-04 projects sign a MoU to establish the Coordination Group and to frame the common activities. The intention is to sign another MoU with the INFRAINNOV-03 project(s), targeting co-innovation in research infrastructure technologies, in order to identify and explore synergies and avoid areas of overlaps. The liaison and common interface with selected INFRAINNOV-03 projects will be carried out by the Coordination Group of the INFRAINNOV-04 projects. 
	Overall, the AIDAinnova project will lead to the coordinated implementation of a common R&D strategy of the detector community in Europe, leveraging EU and national resources. AIDAinnova will foster the innovation potential of research infrastructures by exploring novel detector technologies that will advance the state of the art, with and through active participation of European industry. The project will contribute to setting the technological basis of future detectors at world-class infrastructures in High-Energy Physics, for the benefit of thousands of researchers participating in the collaborations of future international projects or major upgrades of the LHC experiments.


1.4 	Concept and methodology
[bookmark: _Toc32932227][bookmark: _Toc33607003]	(a) Concept
The development cycle towards the use of a new technology in detectors spans over 10 to 20 years. It starts from prospective detector R&D, sometimes called “Blue Sky” research, and proceeds via R&D, guided by the known needs of future projects, to focussed R&D of approved experiments. Engineering and industrialisation finally lead to production, installation, commissioning, and exploitation for physics, as shown in Figure 3. AIDAinnova mainly addresses the strategic R&D at intermediate technological readiness levels TRL 2 - 7 in the guided and the focussed phases, where requirements can already be quantitaively formulated and technical feasibility must be proven in principle, but where developments are not yet as specific to one particular experiment as in the engineering phase. It also includes prospective R&A at TRL 1.
[image: ]
[bookmark: _Ref33373178]Figure 3: Typical phases and timelines for detector development
[bookmark: _Toc32932228][bookmark: _Toc33607004]Therefore, AIDAinnova can unfold synergies by bringing together the expertise from communities aiming at different future projects, thus avoiding duplication and maximising the use of resources. Through the large leverage on matching funds from national sources the project enhances coherence at a European level. Moreover, a large fraction of the partners are also engaged in the ongoing upgrade projects for the high-luminosity phase of the LHC, which are in the engineering phase and will soon be constructed. They are therefore beyond the scope of this project; however, the knowledge and expertise generated in these large projects is thus made available to the full spectrum of R&D activities. 
Since actual systems are being built – demonstrators to evaluate the potential performance or prototypes to address general integration challenges – and these cannot be realised with off-the-shelf products, collaboration with industrial partners already plays a crucial role at this stage. AIDAinnova will bring this collaboration to a new level, enabling true and direct co-innovation within a common framework. 
 (b) Methodology
The Innovation Activities in AIDAinnova are grouped into management, facility oriented, detector application oriented or enabling technology-oriented Work Packages:
· Management and Coordination (WP 1), Communication, Outreach and Knowledge Transfer (WP 2)
· Test Beam Infrastructure and DAQ (WP 3) and Irradiation and Characterisation Facilities (WP 4)
· Monolithic CMOS (WP 5) and Hybrid Silicon Pixel Detectors (WP 6), Gaseous Detectors (WP 7), Calorimeters (WP 8) and large Cryogenic Neutrino Detectors (WP 9)
· [bookmark: _Ref33372427][bookmark: _Ref33371988]Enabling technologies: Advanced Mechanics (WP 10), Micro-electronics (WP 11) and Software (WP 12)
· Prospective R&D (WP 13)
These Work Packages are listed in Table 1 together with their main objectives. Figure 4 depicts how the activities relate to the stages of a detector development cycle from first ideas to a scientific publication reporting a validated system. While this typically marks the end of one cycle, outreach activities are covering the entire process, and knowledge transfer happens at all stages through direct collaboration with the industrial partners. 
[bookmark: _Ref34724801]Table 1: Future R&D issues and related WPs
	Key R&D issues
	WPs related to activity

	Test Beam and Irradiation Infrastructure 
High precision telescopes, DAQ integration, tools for irradiation, characterisation and electromagnetic compatibility test facilities
	WP3, WP4

	Silicon-based Vertex and Track Detectors
High spatial resolution, high rate/occupancy capability, fast/precise timing, radiation hardness, low mass, 4D tracking.
	WP5, WP6

	Calorimetry
High granularity, radiation hardness, large scale, excellent hit timing, Particle Flow, dual-readout capability, 5D imaging.
	WP8 

	Large area, large volume Gaseous Detectors
Large area muon systems, low cost, spatial resolution, fast timing, high rate capability, radiation tolerance, high-pressure gaseous TPCs
	WP7

	Cryogenic neutrino detectors 
Very large volume cryogenic systems, dual-phase operation and read-out, radio-purity, cryogenic photodetectors, high photodetection efficiency
	WP9


	Advanced Electronics, Mechanics and Common Computing Frameworks and Tools
Ultra-light Structures and new materials, micro-channel cooling, novel CMOS technologies, high performance ASICs, common frameworks, algorithms, machine learning
	WP10, WP11, WP12

	Prospective R&D
Generic, so-called “Blue Sky” R&D, exploring new technologies
	WP13


[image: ]
[bookmark: _Ref33372705]Figure 4: Detector development cycle and AIDAinnova activities
The facilities for beam tests (WP 3), irradiation and detector characterisation (WP 4) must cope with the increasing demands in precision, speed or radiation tolerance of the detectors under test. They will be upgraded using state-of-the-art technologies, e.g. for pixel detector beam telescopes, in close cooperation with the corresponding detector development activities, and provide common standards for the smooth integration of user devices into readout electronics and DAQ, by customising building blocks from industrial partners. A partner RTO will provide EC recognised accredited Electromagnetic Compatibility (EMC) tests.
Silicon detector activities, following either monolithic active pixel (WP 5) or hybrid approaches (WP 6), are unconceivable without strong links to the semiconductor industry and capitalise on pooling their activities for common wafer submissions and complementary characterisation capabilities. The industrial partners are also world-leading in interconnection technologies.  Likewise, gas detector (WP 7), calorimeter (WP 8) and cryogenic detector activities (WP 9) form powerful networks, including companies providing expertise in novel materials or electronics system solutions, and an RTO which is a leader in state-of-the art photo sensor development and production. 	Comment by Konrad Elsener: language	Comment by Konrad Elsener: language
Advanced mechanics (WP 10), microelectronics (WP 11) and software activities (WP 12) support and address the challenges common to most detector development of the different future projects. Industrial partners leading in novel materials and processes such as additive manufacturing, ultra-lightweight structural design or micro-channel cooling will advance the frontiers of mechanical support and cooling for HEP detectors together with key academic experts. ASIC design capitalises on knowledge exchange on building blocks and design principles by working on an agreed-upon technology and sharing common submissions in a network including an industrial partner who will expand the application range to commercial products, e.g. for medical imaging. In parallel, the suitability of more recent technologies with smaller nodes for particle physics is explored in a similar network approach. Common software frameworks offer enormous synergies for the efficient exploration and integration of novel approaches, such as machine learning, into different studies for future collider projects. They maintain the link between technological developments and detector performance goals for physics, using the latest tools from industry and academia. 
[bookmark: _Toc33607005]Finally, experience has shown that many developments in particle physics instrumentation started from breakthrough innovations which were originally driven by other fields or industry, but then were successfully adopted in HEP detectors. It is vital for the field to maintain the capability to explore promising innovations and follow unconventional ideas in a generic sense, before targeting specific future projects. An activity on Prospective, Technology-driven R&D (WP 13), also called “Blue Sky research” at low technological readiness levels will encompass a small number of projects selected in a competitive procedure soon after the start of the project. 	Comment by Konrad Elsener: language
1.5 Ambition
Advancements in particle detector technologies enable tool-driven discoveries that potentially lead to revolutions in our understanding of matter in the universe. The LHC experiments have progressed from the Nobel prize-awarded discovery of the Higgs boson to measurements of many of its fundamental properties such as decay fractions to gauge bosons, heavy quarks, and leptons. In parallel upgrades of the detectors for the high luminosity phase of the LHC (2026 onwards) are in the engineering phase or moving into production, using state-of-the-art technologies[footnoteRef:10], to which AIDA and AIDA-2020 made key contributions. [10:  ATLAS and CMS Detector Upgrades for the HL-LHC : https://cds.cern.ch/collection/ATLAS%20Reports, https://cds.cern.ch/collection/CMS%20Reports] 

While accelerator developments towards higher beam energies are vigorously pursued, a new collider with an energy significantly beyond that of the LHC is not conceivable before the middle of the century. In the near- and mid-term future, instead, particle physicists will explore the unknown by pushing the precision limits at all frontiers, with the goal to detect new phenomena via the discovery of rare processes or small deviations from predictions in experiments, using hadrons, e+e- collisions or neutrino beams. This translates into a tremendous challenge for the next generation of detectorsError! Bookmark not defined. - and it is the ambition of AIDAinnova to tackle this challenge by bringing together the most relevant scientific communities and engaging in strategic partnerships with leading industrial players. 
[bookmark: _Ref34217808]For hadron colliders, higher precision comes also from higher integrated and instantaneous luminosity, which for the detectors implies higher radiation tolerance and data rates, better timing and granularity for the rejection of pile-up events. This is already being addressed in the ongoing ATLAS and CMS detector upgrades for the HL-LHC. However the elements closest to the beam, the innermost layers of the pixel vertex detectors will be exposed to neutron fluences of several 1016 n/cm2 and  requireand require a further step in radiation-tolerant semiconductor technology (a few 1016 1 MeV neutron equivalent per cm2); this ambition will be addressed following both the monolithic and hybrid silicon detector approaches in WPs 5 and 6. With a long-term perspective, these developments will also form a stepping stone towards the even more demanding conditions at a very high energy future hadron collider[footnoteRef:11], where fluences range up to 1018 n/cm2. [11:  Future Circular CDR report https://fcc-cdr.web.cern.ch] 

For LHCb and ALICE,, some upgrades are still in the R&D phase, addressing challenges in fastest timing and aiming at a resolution of about 15 ps for particle identification with time-of-flight methods (WP 8), and precision tracking for low momentum particles with lower mass monolithic CMOS structures (WP 5) with a material budget corresponding to less than 0.1% of a radiation length per layer. For particle identification, the state-of-the- art is defined by the recently completed upgrade of the Belle II detector at the SuperKEK B factory, while the low-mass CMOS technology has originally been driven by linear collider R&D. The ambition is to further push these developments to meet the demanding environments at a hadron collider.
A future Higgs factory will enable the study of the heaviest known particles, the Higgs boson and later-on the top quark, in the clean experimental conditions given by e+e- annihilations. Here, the information from each event must be extracted with unprecedented precision to unfold the physics potential.. Fortunately, radiation tolerance is typically of minor concern, and data rates are also more benign, in particular at linear colliders. This opens up new avenues for innovative solutions characterized by largely reduced material budget (less than 0.2% of a radiation length) in the silicon tracking systems, and extremely compact integrated designs for the calorimeters (cell sizes of 0.25 mm2 and active readout gap thinner than 2.5mm) , with also gaseous tracking and fiber-based calorimeters being explored. While the state-of-the-art of detector developments[footnoteRef:12] for the ILC is approaching technical design maturity in many areas, CLIC with its requirement of high spatial resolution of 3 m combined with precision timing, due to higher beam-induced background rates and consequently higher data rate poses specific challenges[footnoteRef:13] to the silicon detector technology. Similarly, the continuous readout leading to much higher power dissipation and higher data rates of circular colliders10,[footnoteRef:14], in particular when running at the Z resonance energy with a 20 ns bunch crossing rate, remains challenging. The ambition is to develop detector solutions for all proposed e+e- collider concepts and spanning across almost all WPs. Moreover the demanding design of an experiment at a multi-TeV muon collider further in the future will exploit and build on any of these solutions, and require further developments.	Comment by Konrad Elsener: language	Comment by Konrad Elsener: language [12:  ILD Interim Design Report http://arxiv.org/abs/2003.01116]  [13:  Detector Technologies for CLIC http://arxiv.org/abs/arXiv:1905.02520]  [14:  CEPC Detector CDR https://arxiv.org/abs/1811.10545] 

The next-generation accelerator-based neutrino oscillation program is preparing for the first determination of the neutrino mass hierarchy, the search for CP violation in the neutrino sector and the validation of the three-neutrino flavour paradigm. Long-baseline neutrino experiments deal with very broad beams and interaction probabilities among the lowest in particle physics; thus, the sensitivity must be increased by instrumenting very large volumes. The state of the art for large cryogenic noble gas detectors is set by the single phase “ProtoDUNE”[footnoteRef:15], one of the large prototypes of the 10 kton liquid argon time projection chambers for the DUNE experiment at Fermilab[footnoteRef:16], which has been constructed within the neutrino platform at CERN and serves as large infrastructure for the further development of the technology. While the single-phase concept is now entering the construction phase, the dual phase[footnoteRef:17] and optical readout are still under development. AIDAinnova follows this ambition in WP 9 exploring innovative technologies such as pixelated charge readout, improvements of the recently developed dual-phase charge readout and new ways of collecting and detecting scintillation light. Innovations for the Near Detector, where also large TPC and scintillator calorimeter volumes need to be instrumented, are explored in the WPs 7 and 8 on gas detectors and calorimeters, respectively.  [15:  Single-phase protoDUNE TDR : https://arxiv.org/abs/1706.07081]  [16:  The DUNE Detectors https://arxiv.org/abs/1601.02984, HyperK Detector https://arxiv.org/abs/1805.04163]  [17:  Dual-phase protoDUNE Status http://cds.cern.ch/record/2669311] 

The ambitions of AIDAinnova to address the specific challenges of near- and mid-term future particle physics projects are summarised below
	· AIDAinnova focuses on next generation experiments which require a leap in precision beyond the state-of-the-art for the discovery of rare processes or subtle deviations from theoretical expectation. 
· The large hadron collider experiments ATLAS and CMS will run at highest luminosity and require upgrades of their most exposed silicon pixel detectors. AIDAinnova develops new radiation-hard technologies for fluences above 1016 neutrons / cm2, while preserving performance and material budget. 
· The heavy flavour experiment, LHCb requires timing precision of 10 ps for particle identification, the heavy ion experiment ALICE drives the development of ultra-thin silicon detectors with material thickness below 0.1% of a radiation length, both going beyond current state-of-the-art in AIDAinnova.
· Detectors at future Higgs factories demand highest granularities for ultra-light silicon track detectors for position resolutions of 3 m and ultra-compact calorimeters for jet energy resolutions of 3-4%, challenging when combined with fast timing and continuous readout and tackled by AIDAinnova.
· For long baseline neutrino experiments AIDAinnova supports novel technologies like dual-phase or optical read-out for large volume cryogenic detectors and, for near detectors, technologies for high-pressure gas TPCs or largest SiPM-based calorimeters beyond present state-of-the art.


While these different classes of experiments have to some extent complementary requirements, AIDAinnova builds on the common interests in technologies and facilities, enabling collaboration and sharing of equipment and expertise which would not be possible within the individual projects alone. 
All of the above developments make heavy use of state-of-the-art test beam, irradiation and characterisation facilities, which must continuously improve their instrumentation and adapt to new user demands in order to cope with the increasing detector performance standards. This has been pursued in all previous EC-funded detector initiatives since the success story of the EUDET telescopes and has shown strong user demand in their Transnational Access frameworks. The ambition is to push this further in AIDAinnova with a new telescope using latest generation CMOS pixel and LGAD timing sensors in WP 3. The new telescopes with few microns of point position resolution and a timing resolution well below 100 ps will represent the ideal platform for the characterisation of the pixel devices of the new generation. The irradiation tests and characterisations required for the next generation of particle detectors demand more accurate and reliable procedures as well as a higher efficiency in their execution. To achieve this, standardisation and common tools will be developed in WP 4.
Next generation experiments impose strong requirements in position resolution, which – especially at lower energies – suffers from multiple scattering in the detector material. Thin monolithic silicon detectors with high granularity (small pixel sizes) are a promising solution to these requirements. Furthermore, within this WP 5, the use of recently developed monolithic technologies will be advanced to reach higher radiation tolerance, allowing their usage also in hadron collider experiments. The hybrid silicon technology developed in WP6 is the natural solution to include enhanced timing information with tens of picoseconds resolution, which can revolutionize the performance of a tracker, especially at hadron colliders. Several technological improvements for the sensors and the hybridization will be evaluated in WP 6 to determine the most promising path to achieve 4D Tracking. Advanced interconnection techniques will be developed to allow reduced pixel size, and improve spatial resolution to unprecedented levels with cost-effective solutions. 	Comment by Konrad Elsener: language
WP 7 on gas detectors aims at unprecedented performance figures. Increased high rate capabilities will be established for Micro Pattern Gas Detectors (MPGD) and Resistive Plate Counters (RPC), gaining two orders of magnitude in the latter case. Time resolutions reaching 20 ps will be available with novel multigap RPCs. An increase in overall efficiency by a factor of 5 is expected for MPGD for photons. The size limit of large volume drift detectors will be doubles relative to present achievements. The high-pressure gaseous Time Projection Chamber (TPC) technology will be established. All proposed activities in WP 8 aim at the development of cutting-edge calorimeters and particle ID detectors. The proposed granular calorimeters will increase the number of calorimeter cells by up to two orders of magnitude compared with calorimeters at the LHC. The new materials will allow future detectors to discriminate particles at the picosecond level, indispensable for precision measurements in dense particle environments. WP 9 on large cryogenic neutrino detectors pursues innovation in this sector by exploring novel technologies such as pixelated charge readout as well as improvement of the dual-phase charge readout and new ways of collecting and detecting scintillation light.
For all experimental environments, higher precision comes through higher accuracy in space and time of the signals left by the particles, and in most cases through a higher granularity, i.e. spatial density of read-out channels and signal speed; both aspects raise the challenges for micro-electronics integration and cooling, but also for simulation and reconstruction software necessary to deal with the much more complex data. The higher channel count and integration depth make the need for industrial production standards ever more compelling, for reasons of scale as well as technology and quality control. These necessary technology developments will be addressed in three corresponding back-bone Work Packages (WPs 10, 11, 12).
WP 10 on mechanics and cooling builds heavily on the work of previous EU funded projects (CRISP, AIDA and AIDA2020). The ambition is to develop, in close collaboration with industrial partners, innovative solutions for the thermal management and the mechanical support of ultra-light silicon detectors. Microelectronics is a key technology enabler, which is closely entangled with the progress in detectors. High detector granularity, picosecond timing information, high rate handling or extreme radiation hardness crucially depend on the development of top-of-the-class readout ASICs. WP 11 will bring to AIDAinnova large and experienced design teams, pursue new 28 nm CMOS performance evaluation for HEP applications and innovative ASIC architectures for new detectors. Development of high-performance software algorithms enhances the physics reach of experiments and reduces computing resource costs. WP 12 boosts the development of flexible multi-experiment solutions that can be widely used and will be integrated together, through its focus on common tools and the development of synergies between various future HEP projects. Use of machine learning is emphasised to tackle high data rates and high detail in the HEP environment.	Comment by Konrad Elsener: language	Comment by Konrad Elsener: language
[bookmark: _Toc33607006]Particle physics has an established record of extending the applicability of technologies beyond commonly accepted limits and being amongst the first to exploit the potential of emerging technical concepts.  A recent example is the use of advanced silicon detectors for fast timing. Carrying out prospective R&D with a long-time horizon is of strategic importance for the future of the field. Due to its generic nature, it is in most cases embedded in an interdisciplinary context and pursued together with industry; correspondingly the envisaged application range is broad, including neighbouring fields as well as commercial exploitation. The inclusion of prospective, technology-driven R&D WP 13 is new for EC-funded projects on HEP detectors. 

Innovation potential
While the importance of the cooperation with industrial partners is rapidly growing with the scale and the technological sophistication of detector concepts, it has been a strong element of R&D for particle physics instrumentation all the time. However, this has mainly been pursued at an informal level or in specific co-innovation projects with few partners. For the particle physics community, the integration of academic and industrial partners into a common collaborative framework spanning multiple projects is innovative in itself. The ambition is to unfold, through this collaboration, a strong innovation potential in both the academic and the industrial sector. In addition to the advances of HEP detector beyond state-of-the-art, it is expected that, through the intensified exchange, potential applications in markets outside the field can be identified in the earliest possible stage, with corresponding implications on competitive advantages of the industrial partners. The technology transfer towards a commercial application will benefit from the built-up direct work relationships well into the development of products to market. The most prominent known markets are all applications of fast sensors in medical imaging, national security and automotive industries (driver assistance systems and autonomous driving), micro-electronics integration and cooling, and ultralight structures for aerospace applications.	Comment by Konrad Elsener: language	Comment by Konrad Elsener: language
2.	Impact
[bookmark: _Toc33607007]2.1	Expected impact
[bookmark: _Toc33607008]Scientific
Developments in instrumentation and computing enable not only scientific revolutions that could lead to future discoveries but they can also strengthen knowledge and technologies. AIDAinnova will:
Enable and coordinate R&D for HEP in Europe: AIDAinnova will provide a strong focus for the European community developing new instrumentation and will stimulate innovation with the goal of addressing the technological challenges of future experimental programmes. It will establish a roadmap for the European detector R&D priorities in liaison with ECFA and ICFA.
Strengthen the synergies between research infrastructures: The AIDA and AIDA-2020 projects have considerably enhanced detector development for HEP experiments performed by European researchers. They have also significantly increased the level of collaboration between research infrastructures, institutes, and different projects, leading to a coordinated effort to solve common challenges for future HEP experiments. AIDAinnova will focus on R&D efforts on the most promising novel technologies necessary for experiments at future colliders, further enhance cross-border collaborations, and establish an even closer engagement with industrial partners. 
Improve infrastructure facilities in Europe: The development of novel particle physics instruments requires specialized infrastructures, tools, and test facilities.  The beam telescopes and associated DAQ infrastructure developed under the EUDET and AIDA frameworks have proved invaluable to the community, providing common tools for test-beam operation, which significantly lower the cost and complexity of performing these tests. AIDAinnova will improve this European network of test-beam and specialized irradiation facilities which are of the utmost importance for the community. This infrastructure will include:  test beams at CERN and DESY that will provide the ultimate spatial and timing resolution; irradiation facilities at CERN (IRRAD and GIF++), ENEA-FNG; detector characterisation facilities at ITAINNOVA and Oxford. 
Develop common computing tools to design detectors and improve event reconstruction: In the coming years the science programmes at the HL-LHC Run 4 and beyond, Belle-II at SuperKEKB, future circular and linear colliders, and large neutrino experiments, will require more sophisticated and performant detectors which will produce more complex data. AIDAinnova will lead to faster and easier simulation of the performance of new detector designs, improve algorithms for track reconstruction, and further integrate machine learning to better particle flow algorithms.
Train young scientists and engineers, including PhD students: AIDAinnova will give young researchers the opportunity to strengthen their scientific background and expertise: about 40 PhD students are expected to contribute to the project activities. Working with leading academic institutes from various countries and interacting with industrial partners may open up job opportunities in the academic and industrial sectors after the end of the project.
[bookmark: _Toc32572301][bookmark: _Toc33607009]The Project Management will establish contacts with Marie-Curie Training Networks (ITNs), funded by H2020, in fields relevant to the broad range of activities in AIDAinnova that will give an opportunity for the young scientists and engineers to attend training and practical courses and summer schools, organised by the ITNs. AIDAinnova will create a “young scientists’ programme” at its annual meetings to provide training on specialized instrumentation topics.
Industry
Engagement with industry is key for a Research Infrastructure, and the reason is two-fold. On one hand, industries provide essential bespoke components to support scientific research. On the other hand, they acquire know-how through co-innovative developments with the highly-knowledgeable and innovative community of physicists and engineers in laboratories like CERN, DESY and other large laboratories. AIDAinnova will engage nine SMEs as beneficiaries, which will co-develop advanced technologies together with research institutes across Europe. On top of these, four separate industries are referenced as collaborating institutes without funding to support the project’s fundamental research activities. The co-development of project-specific advancements and components will enhance the transfer of know–how and technologies, giving competitive advantages to EU companies. 	Comment by Konrad Elsener: language
The role of industry in HEP instrumentation is growing, because current and future detector systems are larger and more complex than in the past. While previously the necessary components could be produced in the labs of the academic institutions, the large quantities required nowadays cannot be handled by the academic sector alone anymore. Moreover, specialized processes and leading-edge technologies are necessary are only available in industry because of their complexity and thus high costs. 
For that reason, AIDAinnova will put special emphasis on strengthening the links between academic institutes and European industry by fostering collaboration with a view to build up strategic partnerships. 
A prominent co-innovation example is microelectronics integration. The industrial partners are key players in the Hybrid Silicon Detector Work Package WP6. Hybrid-Oxide-Bonding and Metal-Metal-Fusion Bonding are technologies that only a few companies worldwide are mastering, and which hold the potential to create ultra-low-mass detectors.  It will be highly beneficial for HEP to explore their applicability and access them through an industrial partner, in this case Fraunhofer IZM. 
The current industrial trends in heterogeneous integration technologies are showing a shift from chip-to-chip to wafer-to-wafer bonding processes, and these novel bonding methods will play an important role for future electronic packaging technologies at wafer level. With the technology development, bond interphase characterisation and material analysis planned in this project, IZM will increase their knowledge and transfer it to other applications, like opto-electronic packages for high-speed data transmission or sensor-ASIC system-in-package applications in the Internet of Things. 
A second example is the development of microelectronics ASICs in WP 11. Front-end readout electronics for semiconductor silicon photomultipliers (SiPMs) aims at a timing precision in the few tens of picoseconds range for the optical readout of scintillators, used for time-of-flight based particle identification and rejection of pile-up. The challenge is to disentangle independent proton collisions in the same beam crossing, originating at exactly the same location in the beam, but separated in time over a total span of about 200 ps. This development is done in close collaboration with the SME Weeroc. 
SiPMs, first applied at large scale in the context of calorimeters for future colliders, have meanwhile revolutionised medical imaging, national security and, more recently, automotive applications. In all of them fast timing is a major current trend, for example for enhancing the precision of positron emission tomography by adding time-of-flight information (TOFPET) and thus reducing radiation exposure for patients. Weeroc is using the know-how generated in the common AIDAinnova developments for ASICs adapted to these mass market applications. It is noteworthy that in this area the exchange is a real two-way street: the first ASIC prototype for the barrel timing layer of CMS originated from a TOFPET development. 	Comment by Konrad Elsener: language

Further examples are provided by co-innovation in advanced mechanics. Frequency scanning interferometry (FSI) technology, developed by ETALON in partnership with UNIOXF, is used in a wide variety of applications such as micro-chip lithography. Enhancing the performance of the technique by making it adapting to the natural reflectivity of surfaces would greatly foster its use for automotive or aircraft industries, space simulators, air craft manufacturing or national metrology institutes. 
Additive manufacturing techniques, originally for polymers or metals, are beginning to develop ceramic techniques, for greater temperature resistance and strength. The effective introduction by LITHOZ of high precision 3D parts, micro-channel cooling plates printed in ceramic composites, will also bring to the market components with the lightweight characteristics of polymers and the strength and toughness of metals. AIDAinnova will project European industry in a leading position in this rapidly evolving market.
However, while production volumes for HEP are strongly increasing, for big industrial enterprises the required quantities are still small or even one-off projects. Experience has shown that establishing co-innovation in this environment often successfully starts in a bottom-up approach on a technical project level, with feasibility studies and proof of concepts, before aspects of economic return are addressed. This approach is facilitated if well-trained young researchers from the academic sector pursue their career in industry and can later be approached to initiate the cooperation, e.g. through an alumni network.
Such a bottom-up approach matches the cooperative spirit that prevails in HEP, but may appear in contrast to the usual customer-producer relationships in the economic world. The goal of AIDAinnova is to build bridges to more European industrial companies and highlight the benefits of such cooperation beyond the immediate economic return. For example, co-innovation projects also provide opportunities for recruiting possible future high potential and well-trained staff, as well as access to facilities common in the HEP community but not in industry, such as nuclear reactors and sources of high-energy particles. These collaborations will bring competitive advantages to industry and open possibilities for outsourcing certain tasks from industry back to the academic world with a benefit for both partners. 
The societal impact of the cooperation with industry throughout the AIDAinnova project will be measured in terms of job creation in partnered industry, as well as economic and environmental impact in accordance with UN Sustainable Development Goals[footnoteRef:18]. [18:  https://www.un.org/sustainabledevelopment/sustainable-development-goals/] 

Furthermore, a KT Network will be created in the project with the KT offices of the beneficiaries. The objective is to share best practices and increase the positive impact of the technologies developed in AIDAinnova. On top of this network, AIDAinnova KT experts will team-up with the KT experts of the other pilot projects on photon and accelerator science, which have similar challenges to tackle.
[bookmark: _Toc33607010]Innovation
AIDAinnova involves the main actors for detector R&D in Europe. Some of the participants, such as CERN, CNRS and CEA in France, DESY in Germany, INFN in Italy, and CSIC in Spain, are among the leading Research Infrastructures (RIs) for basic research in Europe. While their main mission is to perform curiosity-driven fundamental research, they also engage in technology development and knowledge sharing with industry, and are embedded as innovation hubs in the local and regional innovation eco-systems. All these RIs have organized their own technology transfer initiatives, such as Business Incubation Centres, in order to facilitate and accelerate the transfer of innovative technologies from laboratories to industry. 
HEP experiments have a permanent need for state-of-the-art instrumentation encompassing a multitude of fields including, for example, novel detector and imaging technologies, advanced data acquisition systems, high performance and high capacity computing, and communication networks. The technologies needed by HEP collaborations often have spill-over applications in other domains and industrial sectors that cover a whole spectrum ranging from novel cancer treatment techniques to the aerospace and automotive industries. As a result, the continuous cycle of technology developments in HEP feeds a cycle of innovation not only in their scientific areas but well beyond.
RIs in HEP have a direct socio-economic impact on their immediate local and regional environment. By collaborating with high-tech companies, offering specialized facilities, and enabling new entrepreneurship possibilities, RIs in HEP contribute to the innovation eco-system in their regions. The most obvious factor is the favourable economic return to the local region, which benefits directly from significant spending on supplies and services, and also from employment opportunities for administrative personnel, technicians, scientists and engineers. 
[bookmark: _Toc33607011]Other impact
The AIDAinnova project includes a number of actions towards limiting climate change and preserving environmental sustainability.
WP 10 (advanced mechanics) includes a study of supercritical CO2 as a refrigerant for future detectors, which is an extremely efficient heat exchanger, thereby allowing to cool detectors with only very thin pipes and thus enabling lowest mass designs. The activity may boost industrial applications of supercritical CO2 which is a very welcome replacement of traditional ozone-depleting fluorocarbon coolants. Other tasks in WP10 focus on micro-structuring of cooling cannels, directly integrated in thin tracker supports or even the silicon material itself, to cool the detectors well below -10 C, as required for silicon sensors exposed to radiation. Most designs are optimized for the environment-friendly bi-phase evaporative CO2 cooling. 
The gas detector work package (WP 7) includes a study on eco-friendly gas mixtures. Large-area RPC detectors, installed and operating at LHC for muon detection, require fluorinated gasses, known to contribute to global warming. In spite of recirculation and purification, a fraction of the detector gas ends up in the atmosphere. The WP7 task builds further on AIDA-2020 results and addresses challenge of preserving performance at increasing particle rates while reducing the environmental footprint.
[bookmark: _Toc33607012]The microelectronics designs of front-end ASICs rely on technologies with ever smaller feature sizes. For example, AIDA was developing ASICs in 130 nm technology, AIDA-2020 was pioneering 65 nm technology and AIDAinnova (WP 11) will study the suitability of 28 nm technology for particle physics applications. As a result of lower biasing voltages required, the smaller technology grades naturally require less power. Moreover, sustained progress is made on low-power designs. Altogether this results in a significantly more efficient use of energy.
Computing costs are now significant for particle physics, with the LHC experiments running around one million CPU cores constantly, which is a significant power and environmental cost. WP 12 addresses the development of efficient algorithms for HEP, and ensuring they can be run on more energy efficient architectures, which helps to reduce the computing costs and their consequent environmental impact.
2.2	Measures to maximise impact
[bookmark: _Toc33607013]a) Dissemination and exploitation of results 
Integration of communities: AIDAinnova will advance the frontier of knowledge and know-how in the field of detectors at accelerators for the benefit of thousands of researchers from Europe and beyond. The developments within the project focus on today’s most promising technology trends capable of addressing the ever more challenging detector requirements in terms of readout speed, detector granularity, and ultimate accuracy for space, time and energy measurement. These also offer optimal opportunities for exploiting state-of-the-art data mining (e.g. the application of machine learning techniques on millions of accurate multidimensional data points per physics event). Co-innovation with industry will be another driving factor for maximising the dissemination of results. It not only enhances the chances for optimal research output and breakthrough solutions, it also paves the way for the implementation of the developed technologies in future experiments and adjacent infrastructures.
· By integrating the proponents of future particle physics experiments, the detector developers at research institutes and the industrial partners under the umbrella of a single project, chances for an effective dissemination and exploitation of the results are maximised. 
Dissemination to industry: This will be achieved by means of interactions with different existing Technology Transfer networks[footnoteRef:19] and implementing dedicated AIDAinnova “Academia meets Industry” events to: [19:  Enterprise Europe Network http://een.ec.europa.eu , the Technology Transfer Offices Circle https://ec.europa.eu/jrc/en/tto-circle,   HEPTech http://www.heptech.org  (a Technology Transfer network of institutions active in Particle, Astroparticle and Nuclear Physics), and CERN’s External Technology Transfer Network http://knowledgetransfer.web.cern.ch/networks. ] 

· Disseminate information on knowledge and technologies developed in the frame of the project. 
· Gather market information usable to motivate and to encourage industries into co-developing innovative products.
Examples of main project deliverables and their future exploitation: The project brings together researchers and companies around central technology themes in collaborative work packages and in the overall work programme of AIDAinnova. By proceeding in this way, prospects for broad dissemination of the work and the results within the community and the the of industrial partners are maximised. As the formulation of the work program has been driven by the needs of the communities proposing experiments at future accelerator facilities, the use of the knowledge and technologies emanating from AIDAinnova is guaranteed. 
Table 2 below shows the main exploitable results of each technical Work Package of AIDAinnova.
[bookmark: _Ref33387761]Table 2: Key exploitable foreground in AIDAinnova
	WP N°
	Key exploitable foreground 
	Type of result
	Main exploitation pathway
	Exploitation timeline wrt AIDAinnova project start
	IPR measures foreseen

	3
	Full upgrade of test beam reference detectors, compatible with required readout speed, time accuracy and position accuracy
	Test infrastructure, hardware and software
	Detector development; experiment upgrades and future experiments
	2 to 5 years
	CERN open hardware license and open software license

	4
	New silicon sensor characterisation system (TPA-TCT) and its dissemination
	Laboratory test infrastructure
	Silicon detector development (radiation hardness; tracking and calorimetry)
	5 to 10 years
	Open hardware

	5
	Common prototypes of monolithic DMAPS sensors (fabrication, validation of performance) 
	Prototype
	Tracking detectors for HL-LHC upgrades and future Higgs factory experiments
	
	Open hardware licence

	6
	Common prototypes of LGAD and 3D sensors with picosecond-region  time resolution (fabrication and validation of performance)
	Prototype
	Timing detectors for experiment upgrades during HL-LHC and for future colliders
	5-15 years
	Open hardware

	7
	Industrial co-developed manufacturing of -RWELL gas detectors for high-rate tracking over large surfaces 
	Engineering prototype
	Tracking and muon detectors for future experiments
	
	Patent

	8
	Combined system of electromagnetic and hadronic high granularity calorimeter readout
	Engineering prototype
	Calorimetry for future Higgs factory experiments 
	5-10 years
	Open hardware

	9
	System-level prototype of dual phase readout of liquid argon neutrino detector
	Prototype
	Future neutrino experiment (DUNE)
	
	Open hardware

	10
	Light-weight supports with integrated cooling for tracking detectors (design, construction, validation). 
	Prototypes
	Tracking detectors for experiment upgrades during HL-LHC and for future colliders
	
	Open hardware, Patent

	11
	Test structures and test ASICs in next-generation (28 nm) microelectronics nodes
	Demonstrators
	Pixel vertex detectors for HL-LHC upgrades and future Higgs factory experiments
	
	Open hardware

	12
	Generalised parametric approaches to the simulation of calorimetric showers using machine learning
	Software
	Orders of magnitude gain in time for detector simulation,  serving detector R&D and all experiments
	2 to 5 years
	Open software licence


Dissemination and publishing of results: The beneficiaries will endeavour to publish the results of the AIDAinnova as swiftly as possible in conference proceedings and scientific journals as appropriate. These publications will be monitored, and, where appropriate, peer-reviewed internally as described in WP2. The Consortium Agreement will define the procedures for publication, which will take into account the potential for commercial exploitation and/or the need for protection of IPR of the results concerned, with due consideration of the IP practices of all participants.
Open Source / Open Hardware: In some cases the technologies developed in the framework of the project will not require large investments to be adopted by industry. To maximise the dissemination and the adoption of these technologies by industry, they can be licensed with open source licenses. In the case of software (WP12) there are several Open Source Licenses available. For hardware (WP3-WP10), CERN has prepared the CERN Open Hardware license, which has already been adopted widely by the HEP community. The Knowledge Transfer Group of CERN will help the participants to identify the best license to be used.
Open access publications: AIDAinnova is expected to produce a large and diverse array of publications and particular attention will be devoted to the principle of open access, in accordance with the Horizon 2020 requirements. 
This EU project will make use of both Open Access standards (“Gold” and “Green”), which ensure that readers are granted access to scientific material without financial, legal or technical barriers. The “Gold” standard is preferred for peer-reviewed publications directly submitted to open-access journals. The “Green” standard represents self-archiving in an open repository such as ArXiv.org, widely used by the HEP community, and may also be implemented through the CERN Document Server (CDS)[footnoteRef:20] and CERN’s EDMS[footnoteRef:21] platform. [20:  https://cds.cern.ch/ ]  [21:  https://edms.cern.ch/ ] 

In addition, for improvements to open source software used by the community, CERN provides source code and software repositories[footnoteRef:22]. Its IT department manages centrally more than 3,000 repositories, ensuring operation and maintenance of various product generations concurrently and supporting transitions between technologies. Those repositories are also suitable means to distribute raw data and measurement results to the community, easing access ranging all the way from rigorously controlled data sets to ensure a high level of confidence and reliability, to very open and instantaneously available data for fast external verification and dissemination.  [22:  http://information-technology.web.cern.ch/services ] 

Management of Intellectual Property Rights (IPR): The management of IPR is essential in order to maximise efficiently the exploitation of the research results and to protect the interest of innovative institutes and companies. The Communication, Outreach and Innovation work package (WP2) will identify the background IPR of all beneficiaries and set up the legal basis for agreements on obligations and rights, in order to achieve the protection and exploitation of the IP assets generated by AIDAinnova. To ensure an efficient and fair protection of IP the Knowledge Transfer Group of CERN will act as a liaison between the different beneficiaries to ensure that ownership of possible new IPs is properly distributed and that this process goes smoothly. Any potential disputes will be settled on the basis of the background declarations disclosed before the start of the project. 
The principles for dissemination, access and use of results generated through AIDAinnova (Foreground) will fully comply with the Rules for Participation and Dissemination in Horizon 2020, adopted by the European Council and Parliament in December 2013. Access to Foreground and Background and ownership of Foreground will follow the principles set out in the EC Grant Agreement. The implementation of these principles will be detailed in the Consortium Agreement, in which the beneficiaries will identify and agree on the Background needed for carrying out the project. Access rights to Background or to Foreground needed for use of AIDAinnova results for research purposes beyond the project by the beneficiaries will be granted on a fair and reasonable basis.
[bookmark: _Toc33607014]b) Communication activities
The communication plan for AIDAinnova is based on experience with communicating similar H2020 projects (e.g. AIDA-2020), on the best practices of CERN and DESY in communication and outreach in multi-stakeholder scenarios. In this section, we detail the communication goals, audiences, channels, and evaluation metrics.
Goals: The main communication goals for AIDAinnova are:
1. Implement effective knowledge sharing among the project participants
2. Engage the wider detector community with the project developments
3. Facilitate the knowledge transfer between academia and industry
4. Engage the public with detector science and its applications
5. Demonstrate the project is on track and its objectives are being achieved
6. Demonstrate the impact of the project to the public and policy makers
Audiences: These goals define the project’s audiences: participants, early-career researchers, the detector community, wider scientific community, industry, policy-makers, funding agencies, and the public (See Table 3). According to their potential for engagement, the project’s communication team will use appropriate channels and activities, and it will endeavour to create content that is fit for a multi-channel, multi-stakeholder approach, i.e. providing several levels of engagement for different audiences.

	Audience
	Information needs
	Drivers
	Channels/Platforms
	Outcome

	Project participants & admin
	Project information; updates on results and work plan
	Community spirit; career development
	Website, mailing lists, project meetings, including specific programmes for young detector scientists
	Engagement with project results; sense of pride

	Detector community & scientific community
	Main advancements in detector tech; opportunities to collaborate
	Scientific excellence; peer recognition; funding
	Quarterly newsletter On Track; the beneficiaries’ channels
	Knowledge sharing, closer collaborations

	Industry
	Potential knowledge transfer opportunities
	Innovation; job creation; collaboration
	Academia Meets Industry event; the beneficiaries’ channels
	Co-innovations ; knowledge and technology transfer, collaborations

	Funding agencies & decision-makers
	Summary of the results; impact of AIDAinnova
	Scientific excellence; economic and societal impact
	Website, special issue of quarterly newsletter On Track
	Support to funding for fundamental research; support to project community

	Public
	Societal impact of AIDAinnova tech
	Curiosity, societal impact
	Social media, presentation video, the beneficiaries’ channels; and the organisation of Beamline for Schools.
	Support for fundamental research ; attracting young generations to science careers


[bookmark: _Ref34580393]Table 3: Target audiences for AIDAinnova communication and outreach activities
Activities: The channels in which these audiences can be reached are a) project public website; b) intranet collaboration space, accessible only by project participants; c) mailing lists; d) newsletter On Track; e) targeted events (for early-career researchers and industry), f) project reports and other official communications; g) social media. CERN will create and manage all e-information tools and will make them available to all project participants. The communication team will produce marketing material to support the project (e.g. posters, web banners, social media cards).
AIDAinnova website, intranet and mailing lists: The public website and intranet will describe the project activities, objectives and results. The main purpose of the website will be to act as central information hub, including upcoming events, recent publications, news and announcements. Specific sections will be made available for specific audiences, such as project participants, press, and the public; all Deliverables without confidential content will be made available. The Intranet will support project participants in organising meetings and sharing results. Mailing lists will be created for the project, each Work Package, and each task.
Newsletter and other content communication channels: Regular communication to the AIDAinnova community, and beyond, will use well-established communication channels (e.g. On Track, CERN Bulletin) to communicate the impact of the project activities to target audiences. Beneficiaries will be encouraged to feature selected topics of AIDAinnova in their platforms/channels, activities, visit programs, and public presentations. This strategy will allow the project to make use of well-developed communities to amplify key messages. To support the participants, a communication kit (guidelines, fact-sheet) will be made available. 
Events: All scientists and students are invited to present their work at annual meetings. A dedicated programme for early-career researchers in detector technologies will be set up, to enhance recognition and career development for this target group. “Academia meets Industry” events will be organised in conjunction with Annual Meetings to gather experts in selected fields and foster collaborations with industry.  
Presentation video: A presentation video will be produced to help deliver the projects’ key messages and raise the interest of the public and other non-technical audiences in detector science. It will include its potential for science, industry and society. It should build up on the achievements of previous projects, such as AIDA and AIDA-2020, and highlight the expected outcome of AIDAinnova . 
Social media: Social media channels of the partner institutes will be used to inform the target groups about the activities of the project. Existing channels are preferred since well-developed audiences can be exploited. As an example, CERN’s social media team manages a community of millions, with an engagement rate well above the sector average. A social media kit will be set up to support the beneficiaries in this endeavour.
Evaluation: Evaluation processes and methods will be set in place to ensure the effectiveness of each of the proposed communication activities. A few examples are website, newsletter, and social media statistics, and event attendance. Users will be given the opportunity to provide feedback and suggestions, through a dedicated section in On Track and website.
	Objectives
	AIDAinnova targets

	Scientific dissemination
	180 publications including:
60 journal publications
50 conference contributions

	General communication and news 
	10 articles in newsletters and other communication channels

	Cross-border cooperation
	47 beneficiaries from 19 countries

	Knowledge sharing  in the community
	450 project members in 13 work packages

	Knowledge exchange workshops with industry and other scientific communities
	2 workshops and one ‘Academia Meets Industry’ event

	Perspective research and development of novel detector technologies
	3-4 projects blue-sky research projects

	Training of PhD scientists and engineers
	40 PhD students 

	Exploiting the innovation potential 
	5 innovation disclosures 


Table 4: Publication targets of AIDAinnova
[bookmark: _Toc33607015]3.	Implementation
[bookmark: _Toc33607016]3.1	Work plan — Work Packages, deliverables and milestones
The list of Work Packages and their lead participants is given below
Table 5: List of Work Packages
	WP N°
	Work Package Title
	Lead Participant N°
	Lead Participant Short Name
	Person-Months
	Start Month
	End month

	1
	Project Management and Coordination
	
	
	
	M1
	M48

	2
	Communication, Outreach & Knowledge Transfer
	
	
	
	M1
	M48

	3
	Test Beam and DAQ Infrastructure
	
	
	
	M1
	M48

	4
	Irradiation and Characterisation Facility Upgrades
	
	
	
	M1
	M48

	5
	Monolithic Active Pixel Detectors
	
	
	
	M1
	M48

	6
	Hybrid Semiconductor Detectors
	
	
	
	M1
	M48

	7
	Gaseous Detectors
	
	
	
	M1
	M48

	8
	Highly Granular Calorimeters and PiD Detectors
	
	
	
	M1
	M48

	9
	Cryogenic Detectors
	
	
	
	M1
	M48

	10
	Advanced Mechanics and Cooling
	
	
	
	M1
	M48

	11
	Micro-Electronics
	
	
	
	M1
	M48

	12
	Advanced Software
	
	
	
	M1
	M48

	13
	Prospective R&D
	
	
	
	M1
	M48

	
	
	
	Total person- months
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Work Package structure and interactions (Pert chart)
[bookmark: _Ref33392967]The structure of the 13 AIDAinnova Work Packages (WP) is presented in Figure 5. The first two WPs comprise the overall management and coordination, communication and dissemination of the results of the project. The scientific WPs 3-12 can be grouped in three different categories according to their objectives:  Work Packages 4-9 advance the state-of-the-art of the core detection technologies. Work Packages 10-12 develop supporting backbone technologies required for the detectors, and WP 3-4 support the innovation of key facilities and infrastructures for the assessment of these technologies.
[image: ]
[bookmark: _Ref33647146]Figure 5: Work Package structure and interactions (Pert chart)
The accomplishment of the detector WP goals partially relies on the activities carried out in the backbone and facility WP, and vice versa. As an example, the electronics WP11 will provide readout ASICs for the gaseous detector WP7 and the calorimeter development in WP8. Likewise, DMAPS and Hybrid sensors developed in WP5 and WP6 will be integrated in telescope planes in WP3. On the other hand, the telescopes will be used to characterize novel pixel detectors, and the test beam DAQ hardware and software will support the integration of gas (WP7) or silicon-based demonstrators (WP5,6) and calorimeter prototypes (WP8), many of which will also undergo irradiation tests supported by WP4. Novel particle flow algorithms developed in WP 12 can be tested using prototype data from calorimeters (WP8) or cryogenic neutrino detectors (WP9). These interactions provide added benefits to the WP that they would not achieve on their own. 
In order to coordinate the activities with each other and maximally identify and exploit mutual benefits, the WP Coordinators not only inform each other and the management about the ongoing activities, but also participate in dedicated meetings of related WPs where appropriate. 
Each of the scientific Work Packages 3-12 has a Task 1 on Coordination and Communication that comprises
· Management and coordination of the Work Package, including monitoring of work progress, budget spending and reporting to the project management.
· Organisation of WP meetings as well as meetings with other WPs and coordinating presentation of results within AIDAinnova and to the detector community.
This task is carried out by the WP Coordinators and Task Leaders who will manage and provide oversight of the WP tasks, monitor their progress and ensure that the WP work is consistent with the project plan The coordination duties include the follow-up of Milestones and Deliverables, the organisation of WP internal meetings, the setting up of proper reviewing of publications, the preparation of internal and Deliverable Reports and reporting to the project management, and the distribution of the information within the WP as well as the coordination with other WPs.
The task also covers the organisation of the WP activity review at the Annual Meetings, as well as activity workshops or specialised working sessions, with the attendance of invited participants from inside and outside the consortium. The presentation of work at international conferences and meetings will also be coordinated in this task.
The coordination of Management, Communication and Prospective R&D (WPs 1, 2 and 13) has to meet some special requirements and is detailed further below in the corresponding WP descriptions.
An executive summary of the subsequent Work Package Descriptions is given below:
WP1: Project Management and Coordination
The overall scientific and administrative management and steering of the project will be implemented in this WP by the Project Management Team and the Steering Committee (see section 3.2 below). It includes the preparation of technical and financial reports and the communication with the EC. 
WP2: Communication, Outreach and Knowledge Transfer 
This WP will implement and coordinate the communication, dissemination and outreach, and support the relations with industry and the knowledge transfer activities of the project. It will provide website, newsletter and communication support as well as organise Academia meets Industry events and special measures to support young researchers. A KT network between participants and the connection with the KT activities of the other innovation pilots will be established, and support in management of intellectual property be provided. 
Innovation for Detector Facilities
WP3: Test beam and DAQ infrastructure
This Work Package will provide key infrastructures for test beam facilities at CERN and DESY, which are used to characterise most prototype detectors for particle physics experiments and adjacent fields.  In order to provide the precision position and time measurements needed for future detector development, the beam telescopes will be upgraded using the latest sensor technology, including also new high-precision timing devices.  The DAQ and monitoring software widely used at test beam facilities will be upgraded to match the new telescope systems, and common hardware solutions to ease detector testing will be developed.
WP4: Upgrade of Irradiation and Characterisation Facilities
The WP is composed of four technical tasks: two devoted to the integration of software, hardware and Quality Control systems for the management of data obtained at different European irradiation facilities (at CERN, RBI, and ENEA); the other two are dedicated to the upgrades of test-bench systems for a Two-Photon Absorption (TPA) Transient Current Technique (TCT) based system for the study of silicon sensor signal formation at CERN, and for Electromagnetic Compatibility (EMC) testing at ITAINNOVA.
Innovation on Detection Technologies
WP5: Depleted Monolithic Active Pixel Sensors
This Work Package addresses the challenges that still remain to fully exploit the CMOS-based DMAPS technology in two different HEP scenarios, one focusing on high spatial resolution, mainly targeting experiments at e+e- colliders like the upgrade of Belle II Belle II, ILC and CLIC, and one focusing on high radiation tolerance as needed at future LHC upgrades and future hadron colliders.  WP5 will design ASICs for both cases, share submissions, develop read-out systems and characterise the performance, also in beam tests. 
WP6: Hybrid Pixels Sensors for 4D Tracking and Interconnection Technologies
The primary goal of this WP is to add precise timing measurements to the spatial information in silicon pixel sensors to provide 4-dimensional tracking for the future detectors for HEP. Only hybrid sensors in connection with high-performance ASICs can fulfil the extreme timing requirements of 4D tracking and therefore advanced interconnect technologies are required for the hybridisation in large areas and at small pixel sizes and low material budgets. Industrial processes using Anisotropic Conductive Films (ACF) and Wafer to Wafer interconnection, such as Metal-Oxide Hybrid Bonding or Metal-Metal-Fusion Bonding will be developed in this WP.
WP7: Gaseous detectors for frontier science
The goal of WP7 is to advance gaseous detectors for instrumenting large areas and volumes to match the challenging requirements of future experiments in terms of resolution, timing, rate capability and radiation hardness. The pursued technologies are RPCs, MPGDs for muon systems or hadron calorimeters, drift chambers, high-pressure TPCs for long-baseline neutrino experiments and Ring Imaging Cerenkov detectors for particle identification. The work includes the construction, with industrial partners, of small prototypes and their test, the study of new materials such as Diamond-like carbon and the search for eco-friendly gas mixtures. 
WP8: Calorimeters and Particle Identification detectors
This Work Package will cover two aspects, system level integration of advanced highly granular calorimeter projects and research on new materials and optical readout technologies aiming at time resolutions better than 10ps. High level integration benefits from a close collaboration with industry, which in turn will also benefit from deep insight into new materials. Demonstrators for compact read-out interfaced and highly segmented elements, and small prototypes will be constructed and tested, and surveys of optical materials and production procedures as well as radiation-qualified photo-detectors be carried out and documented. 	Comment by Konrad Elsener: language
WP9: Cryogenic neutrino detectors
The cryogenic neutrino detectors WP focuses on innovative developments readout technologies, both in terms of charge readout, with pixels or in dual-phase detectors as well as readout of scintillation light. The main applications are in the near and far DUNE LAr detectors but the results will also be of general interest for dark matter experiments and other applications of noble liquefied gaseous detectors. 
Innovation on Backbone Technologies
WP10: Advanced Mechanics for Tracking and Vertex Detectors
This Work Package addresses vertex and track detector requirements in terms of thermal performance, material budget and mechanical stability, using innovative technologies, which are not yet available on the market.  It will focus on innovative solutions for integrated cooling devices and ultra-light structures, as well as on the development of high precision vibration and position measurement techniques. It will validate interconnection technologies and precision measurement methods, and provide cooling demonstrators. 
WP11: Microelectronics
This Work Package will explore advanced CMOS technologies for tracker applications and qualify the analogue and digital performance as well as the radiation tolerance of the 28 nm technology, using building blocks and demonstrators for larger pixel matrix read-out, produced in shared multi-project runs. It will also provide high performance chips for other Work Packages, in particular for cryogenic, timing, gas detectors or calorimetry applications.
WP12: Software
The Software Work Package in AIDAinnova tackles critical areas of future detector software, in terms of flexibility, ease of use and physics performance that are needed to design next generation experiments. Simulation and reconstruction algorithms feature strongly, along with supporting software for data models and geometry that are all built into a coherent Turnkey Software Stack.
WP13: Prospective and Technology-driven Detector R&D
This Work Package pays tribute to the fact that disruptive advances in particle detectors have often been possible thanks to developments which had not originally been driven by requirements of specific experiments, but which advanced the intrinsic limits of existing technologies, often in synergy with other fields and industry. A small number of key projects will be chosen shortly after the start of AIDAinnova in a competitive selection procedure. 
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Figure 6: Timing of the Work Packages and their components for the whole project duration (Gantt chart)
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Table 3.1b:	Work Package description 
WP1: Project management and coordination (MGT)
	Work Package number 
	1
	Lead beneficiary
	CERN

	Work Package title
	Project management and coordination (MGT)

	Participant number
	1
	8

	Short name of participant
	CERN
	DESY

	Person months per participant[footnoteRef:23]: [23:  In all WPs, the person-months provided in-kind for each beneficiary are stated in brackets.] 

	23 (13) 	Comment by Sabrina El Yacoubi: All the PMs will be updated when the project is approved by finance service of each beneficiary
	12

	Start month - End month
	M1 - M48



	Objectives 

	Task 1.1. Project management and coordination
· Management and steering of the whole project
· Monitoring of the scientific and technical progress in all Work Packages
· Ensuring the contractual and administrative implementation
· Following and reporting on the use of resources
· Preparation of the periodic and final project reports 
Task 1.2. Roadmap for European Detector R&D
· Consultation within the community and with relevant HEP Committees
· Organising a dedicated Roadmap preparatory meeting
· Preparation of the Roadmap 
Task 1.3. Relations with the other Innovation Pilots 
· Creating a Coordination Group with the other Innovation Pilots of the INFRAINNOV-04 Call
· Liaising with the Innovation Pilot(s) of the INFRAINNOV-03 Call

	Description of work

	Task 1.1 Project management and coordination (CERN, DESY)
This task will comprise the management and coordination activities carried out by the Project Management Team (MT) and the Steering Committee (SC), to be carried out within the overall managerial structure of the project, as described in section 3.2. These include the overall coordination and continuous monitoring of the AIDAinnova programme of work, the organisation of the Governing Board (GB) and SC meetings, the preparation of the Annual Meetings and the Mid-term Review, as well as the regular communication with the European Commission on administrative and technical aspects of the project.
This WP will also comprise the administrative, financial and contractual follow-up of AIDAinnova, according to the EC Grant Agreement and its annexes. The work will cover the preparation of the periodic and final activity reports and the monitoring, reviewing and release of the Deliverable and Milestone reports. The financial follow-up will consist of resource utilisation control, cost reporting and collection, review and submission of the Financial Statements of all beneficiaries, as well as the distribution and payments of the EU funding.   
As Coordinator of AIDAinnova, CERN will take the responsibility for providing appropriate Information Technology tools in order to ensure the effective management of the project, the timely flow of information and availability of project documentation to the beneficiaries, the SC and the GB.
Task 1.2 Roadmap for European Detector R&D (DESY)
This task will cover a consultation with community representatives on the main priorities for detector R&D in Europe, closely related to the updated European Strategy for Particle Physics, in liaison with the Detector Panels of relevant HEP Committees, such as ECFA and ICFA. A dedicated meeting to discuss the main directions for the development of detectors at future accelerators, involving European industry, will be organised. Finally, the task will include the preparation of the Roadmap. 
Task 1.3 Relations with the other Innovation Pilots (DESY)
Under this task, an “Open-Innovation Coordination Group” of the successful projects in the areas defined by INFRAINNOV-04 call will be created. The Coordination Group will (i) define a common strategy for scientific areas which are at the boundaries between the competences of the different projects, (ii) will identify areas of cooperation and launch common initiatives where appropriate, (iii) will work towards strengthening the collaboration with industry and (iv) will exchange information on the follow-up of the respective projects and on any future initiative launched by their communities, with the overall aim to avoid overlaps and develop synergies between the different Innovation Pilot projects. The Coordination group will also establish a link to the related project(s) submitted to the INFRAINNOV-03 call.

	Deliverables related to WP1

	D1.1: European Roadmap for Detector R&D    
Document on main directions for detector development towards an implementation of the European Strategy for Particle Physics
	18


WP2: Communication, Education and Knowledge Transfer
	Work Package number 
	2
	Lead beneficiary
	CERN

	Work Package title
	Communication, Education and Knowledge Transfer

	Participant number
	1
	8

	Short name of participant
	CERN
	DESY

	Person months per participant:
	25.5 (15.5)
	12

	Start month - End month
	M1 - M48



	Objectives

	Task 2.1. Work-package coordination
· Coordinate and schedule the execution of the WP tasks 
· Monitor the work progress (milestone and deliverable reports), follow-up on the WP budget, the use of resources, and ensure timely delivery with respect to the project plan 
· Create a network of Knowledge Transfer Officers (KTOs) within the AIDAinnova beneficiaries and coordinate their work and liaise with KTOs in other Innovation Pilots
Task 2.2. Communication, dissemination and outreach 
· Define and implement communication strategy to address key stakeholders in particle physics
· Ensure the flow of information within the project (internal)
· Report the results of the project to a wider audience (external)
· Engage the detector community and industry to enhance societal impact of fundamental research
Task 2.3. Careers of young detector scientists
· Enhance recognition, training and career opportunities for detector scientists
Task 2.4. Industrial relation and knowledge transfer
· Promote co-innovation with industry to prove societal impact of fundamental research
· Impact analysis of innovation aligned with UN Sustainable Development Goals

	Description of work 

	Task 2.1 Work-package coordination (CERN)
This task involves the coordination of the WP activities, as well as the communication with other WPs on innovation and knowledge transfer (KT), and the liaison with KT activities in other Innovation Pilots. The task will include the preparation of a WP integrated schedule, the monitoring of the work and resource utilisation, and reporting to the project management. The set up and management of a network of Knowledge Transfer officers (KTOs), including representatives from other beneficiaries of the project will be instrumental to both the communication task (Task 2.2) and innovation task (Task 2.4). This network will identify opportunities to achieve efficient exploitation of the project results.
Task 2.2 Communication, dissemination and outreach (CERN, DESY)
The project internal and external communication activities, the scope of this task, will be guided and detailed in a communication strategy and plan. The project channels will include a collaborative Intranet for project members to participate, an informative public website, and a newsletter. Project-specific mailing lists will be set up. All scientific papers and technical notes will be available on the CERN Document Server. News from the project are to be published on the public website regularly and distributed via a quarterly newsletter, On Track, a collaboration between CERN and DESY, inherited from the AIDA-2020 project with the goal of engaging the larger detector community. This task will benefit from a network of project representatives to contribute to On Track and share news through their organisation’s digital channels. For social media, a social media kit and hashtag (e.g. #AIDAinnova) should be created and used across all channels. In the first stage of the project, we will produce a short presentation video to introduce the project, its background and goals. As the first results of the project are announced, we will organise Academia Meets Industry events. The event will highlight the collaborative aspect of the project, as well as facilitate new collaborations. As the project comes to its end, a feature issue of On Track will be curated and edited to feature the main results of the project. 
Task 2.3 Careers of young detector scientists (CERN, DESY)	Comment by Sabrina El Yacoubi: To add in budget
This task uses AIDAinnova as a platform to enhance participation, responsibility, visibility and training for young professionals (i.e. students, post-docs) specializing in detector technologies. A “young scientists’ programme” will be scheduled at the AIDAinnova annual meetings: a one-day training course on a specialized instrumentation subject, with lectures given by both junior and senior experts; a half-day session devoted to AIDAinnova student reports; and an informal student social networking event, e.g. including a science-pitch contest in the format of PubhD events, where students explain their PhD work in a pub. In addition, an AIDAinnova publication committee will be set up, composed of a mix of senior scientists and post-docs, who will ensure a well-structured peer-review process and publishing of AIDAinnova notes and dedicated publications, thus allowing for the validation of research work completed in the AIDAinnova context and, consequently, supporting young researcher’s careers.
Task 2.4 Industrial relations and Knowledge Transferee(CERN)
This task is focused on the exploitation of the results generated by AIDAinnnova. A KT network will be created in order to share common practices and to promote innovation with industry. Economic, technical, and marketing criteria will be defined to qualify which R&D results of AIDAinnnova may be apt for commercial exploitation. This will result in the identification of key technologies within the project. The impact of the project’s involvement with industry will be measured in accordance with positive impact on society, such as job creation in partnered industry, and economic and environmental impact aligned with UN Sustainable Development Goals.

	Deliverables related to WP2

	D2.1: Presentation video 
Short video introducing the project, its context and goals
	3

	D2.2: Final report on career actions of young scientists
Report detailing the activities of the young scientists’ programme, its main outcomes and feedback from the participants
	47

	D2.3: Report on Communication, Dissemination and Outreach
Report on the results of the communication, dissemination and outreach activities.
	48

	D2.4 - Impact analysis
Report mapping the economic and commercial impact, as well as technological, environmental, social and cultural impacts following UN SDG
	48


WP3: Test beam and DAQ infrastructure
	Work Package number 
	3
	Lead beneficiary
	DESY and UCL

	Work Package title
	Test beam and DAQ infrastructure

	Participant number
	1
	8
	
	
	

	Short name of participant
	CERN
	DESY
	UCL
	UNIVBRIS
	CNRS

	Person months per participant:
	x
	x
	x
	x
	X

	Participant number
	
	
	
	
	

	Short name of participant
	NWO-I/Nikhef
	CSIC
	USC
	USUSS
	SRS Tech

	Person months per participant:
	x
	x
	x
	x
	X

	Start month - End month
	M1 – M48



	Objectives 

	Task 3.1 Coordination and Communication
See introductory section
Task 3.2 Upgrading the EUDET-style beam telescope infrastructure 
· Upgrade of the EUDET-style beam reference telescopes with the more recent ALPIDE sensor.
· Integration of new AIDAinnova next generation sensors into current telescopes.
· Development of a common cold-box for test-beam facilities.
Task 3.3 Sub-ns timing capabilities for the EUDET-style telescopes
· Integration of a TimePix4 plane into EUDAQ2.
· Picosecond timing support in the AIDA trigger logic unit (TLU).
· Include a plane based on low gain avalanche detectors (LGAD) in the EUDET-style telescopes.
Task 3.4 Development of DAQ software for next generation beam tests 
· Development of EUDAQ2 software to support picosecond timing of next generation sensors.
· Development of versatile online monitoring for EUDAQ2.
Task 3.5 Development of common DAQ hardware
· Development of a Caribou-based common readout board to support sensor R&D.
· Development of the VMM3 common readout board to support gas detector R&D.

	Description of work 

	Task 3.1 Coordination and Communication (DESY, UCL)
See introductory section
Task 3.2 Upgrading the EUDET-style beam telescope infrastructure (DESY, CERN, CNRS)
We plan to use a CMOS monolithic sensor available in the first year of the project for the first round of telescope upgrades. Among the current large-area sensors on the market, the ALPIDE sensor is the most suitable in terms of point resolution, availability and maturity of the entire system. It offers comparable tracking performance to the MIMOSA26 sensors currently in use, while offering much higher readout speed. However, given the currently unmatched point resolution of the MIMOSA26, an adiabatic upgrade is planned.
The next stage of the telescope upgrade concerns the use of a suitable next-generation sensor, to be developed within the CMOS DMAPS WP5.  This activity will require coordination with W P5, particularly with the push for small-pitch pixels. The integration of the new sensors into the telescopes, including e.g. linking to EUDAQ2, will be part of this WP.   
A common cold box with common interfaces will be designed and constructed, such that it can be used at all telescope sites to test irradiated silicon sensors, which need to be kept at the operating temperatures for HL-LHC, which is typically at around -20 C.
Task 3.3 Sub-ns timing capabilities for the EUDET-style telescopes (NWO-I/Nikhef, UNIVBRIS, CSIC-IFCA, DESY, UCL, USC)
To provide a O(100) ps timing for particle hits, a dedicated timing layer as well as a trigger logic unit (TLU) with picosecond-timing support need to be developed, integrated and installed at both CERN and DESY.  
The precision timing layer will be provided by a TimePix4 plane, which will be fully integrated into the telescope hardware and the EUDAQ2 framework. We foresee having such planes available at all beam lines.  To provide an ultimate timing resolution of 30 ps, an LGAD plane based on current developments for the high-luminosity LHC will be included in the EUDET-style pixel telescopes.  In order to benefit from this exquisite timing, the TLU needs to provide a stable clock with a 10 ps or better stable edge, which will be part of the AIDA TLU upgrade. 
Task 3.4 Development of DAQ software for next generation beam tests (UCL, DESY, UOS)
The development and widespread use of the generic software EUDAQ2 was a great success of AIDA-2020. The next generation of sensors for the telescopes and future needs of enhanced prototype detectors under test at the test-beam facilities will require further enhancements of the software framework, e.g. multi-sensor operation, timing support and a more versatile online monitoring.  We will also provide different output formats for the data and extend the user base to other detector systems and experiments. 
Task 3.5 Development of common DAQ hardware (CERN, DESY, SRS Technology)
In this task, common DAQ boards will be developed to support the silicon sensor (WP5, WP6) and gas detectors (WP7) developments and to reduce duplication of work by providing generic DAQ test-stands.  To meet the specific needs of the silicon and gas detector community, boards based on the Caribou and VMM3 will be developed.  The VMM3 development also has industrial involvement from SRS Technology, a CERN spin-off company.  These systems will be fully integrated into EUDAQ2 and will therefore enhance and simplify beam tests for prototype detectors.

	Deliverables related to WP3

	D3.1: Common cold box delivered
A common cold box will be delivered to all telescope sites. 
	30

	D3.2: New software developments available for use
The software developments – compatibility with new fast detectors and online monitoring – are available for use in beam tests.
	39

	D3.3: New TLU produced
The TLU will be available, providing a fast and stable clock.
	39

	D3.4: Common readout boards delivered
Common readout boards for sensor R&D and gas detector R&D are available.
	42

	D3.5 Telescopes upgraded with new layers
Telescopes upgraded and available with precise timing layer and next generation sensors
	46


WP4: Upgrade of Irradiation and Characterisation Facilities
	Work Package number 
	4
	Lead beneficiary
	CERN, ITAINNOVA

	Work Package title
	Upgrade of Irradiation and Characterisation Facilities

	Participant number
	
	
	
	
	
	
	
	

	Short name of participant
	CERN
	INFN
	CAEN
	RBI
	IFCA-CSIC
	FYLA
	ITAINNOVA
	IPHC-CNRS

	Person months per participant:
	x
	x
	x
	x
	x
	x
	x
	x

	Start month
	
	End month
	



	Objectives 

	Task 4.1 Coordination and Communication
See introductory section
Task 4.2 Micro-beam Upgrade at RBI Accelerator Facility 
· Upgrade the RBI Accelerator Facility (RBI-AF) infrastructure for detector characterisation and radiation hardness studies at micron-scales, including the upgrade of the motorised precision device positioning, cooling and data acquisition systems.
Task 4.3 Common Tools for Irradiation Facilities Quality Control: Data Management, Traceability, Dosimetry and Activation Measurements
· Generalise the IRRAD facility Data Manager (IDM) system to include new facilities (e.g., CERN GIF++, ENEA-FNG) and improve the sharing of irradiation experiment results and operational data
· Produce a common dosimetry calibration set for cross-comparison of irradiation facilities	Comment by Konrad Elsener: language
· Design and develop the prototype for an integrated system to manage induced activation (gamma spectrometry) and traceability data for irradiated objects.
Task 4.4 Design & Development of a new sensor characterisation system based on the TPA-TCT technique
· Complete the development from the proof-of-concept installation towards a customizable user friendly Two-Photon Absorption (TPA) Transient Current Technique (TCT) system with data acquisition and data analysis tools.
· Support the evaluation of newly developed sensors (Low-Gain Avalanche Detectors (LGAD) and High-Voltage CMOS (HVCMOS) devices) developed in WP5 and WP6.
· Offer support towards the implementation of similar systems in other European institutions.
Task 4.5 Design & Development of new electronics characterisation system for EMC control 
· Design and develop an Electromagnetic Compatibility (EMC) test bench to measure the noise transfer function (TF) curves of physics detectors.
· Design and develop a portable test bench to perform in situ EMC emission measurements of power supply unit in irradiation facilities.

	Description of work 

	Task 4.1 Coordination and Communication (CERN, ITAINNOVA)
See introductory section
Task 4.2 Micro-beam Upgrade at RBI Accelerator Facility (RBI)
The RBI-AF infrastructure will be upgraded for tests of new detector technologies, especially for the study of radiation-induced Single Event Effects (SEE) on complex electronics and detector systems. This task will provide a precise motorized positioning system, cooling system, beam current control and Device Under Test (DUT) position monitor. The existing data acquisition and control system will be improved and adapted to new hardware in order to optimise the facility operation and quality of results. The improved RBI-AF facility will be able to provide the advanced services to the HEP community and beyond (medical physics, hadron therapy, fusion devices, etc.).
Task 4.3 Common Tools for Irradiation Facilities Quality Control: Data Management, Traceability, Dosimetry and Activation Measurements (CERN, INFN-ROMA1, CAEN)
This task will develop common systems and procedures for European irradiation facilities. The current IRRAD and GIF++ facilities at CERN, complemented by several other key infrastructures in Europe, the ones at, e.g. JSI, U.o.B, KIT, PSI, already previously supported by AIDA-2020, and the newly added ENEA-FNG will continue to play a strong role in the R&D for the next generation of particle physics detectors. In order to cope with the increasing user demand, to better exploit the data collected during operation, and to optimize the performance of the facilities, their reference dosimetry and the software systems will be improved and standardized. The residual activation after irradiation, on selected materials, can be exploited as physics measurements, but often also poses problems for a safe handling of the devices after test. To support a clear identification of the samples throughout their life cycle, including the activation measurements, a new integrated RF-ID based system will be designed and realised, for both ENEA-FNG and CERN-IRRAD. The integration of the CAEN DIGIWASTE platform for radioactive waste management, as well as the CANBERRA Apex-Gamma spectroscopy system into the IRRAD Data Manager (IDM) developed at CERN during AIDA 2020.
Task 4.4 Design & Development of a New Sensor Characterisation System based on TPA-TCT Technique (CERN, CSIC-IFCA, FYLA)
The Transient Current Technique (TCT) as a tool for studying signal formation in solid-state detectors is limited in resolution and allows for two-dimensional scans only. Two-Photon Absorption (TPA) TCT is overcoming this limitation by employing a femtosecond laser pulse that creates charges only in a tiny voxel in the focal point of the laser beam, allowing, for example, studying small volume pixel detectors. This task will thus develop a novel very powerful tool for precise characterization of semiconductor devices and offering it to the community for testing newly developed sensor technologies.
Task 4.5 Design & Development of a New Electronics Characterisation System for EMC Control (ITAINNOVA, CNRS-IPHC)
The EM transfer functions of physics detectors and EMC conducted tests are powerful tools for electronics designers to evaluate grounding and shielding issues of detectors. This task plans to design and develop an automatic EMC test bench to measure the noise transfer functions (TF) of physics detectors, and a common and portable test bench to perform in situ EMC conducted emission measurements of very small Direct Current (DC-DC) converters and power supply units in irradiation facilities. ITAINNOVA will provide the design and control of the EMC test equipment for both test benches and IPHC-CNRS will be in charge of the interface between the EMC system and the Data Acquisition (DAQ) of the detector for the TF test bench. In addition, IPHC-CNRS will provide the technical background about radiation aspects and regular access to its radiation facility to perform all necessary tests for the system validation.

	Deliverables related to WP4

	D4.1: Integrate the data acquisition and control system at RBI-AF
Improved data acquisition and control system (to optimise the operation and improve the quality of results)
	40

	D4.2: Deploy full prototype for irradiation facilities data management including sample tagging and spectrometry features
RFID tagging and gamma spectrometry data logging applied to IRRAD facilities management systems
	46

	D4.3: Evaluate Non-Ionizing Energy Loss (NIEL) of irradiation facilities with dedicated dosimeter structures
Define dosimetry protocol & distribute test structures
	42

	D4.4: Support towards the implementation of TPA-TCT systems and contribute to the evaluation of newly developed sensors technologies
Publication on TPA-TCT evaluation of sensors
	46

	D4.5: Develop a conductive noise test bench for irradiation facilities
Develop a portable test bench to perform the conducted emissions of small power units during the radiation test campaigns
	46


WP5 : Depleted Monolithic Active Pixel Sensors
	Work Package number 
	5
	Lead beneficiary
	UBONN

	Work Package title
	Depleted Monolithic Active Pixel Sensors

	Participant number
	
	
	
	
	
	
	
	
	

	Short name of participant
	CERN
	UBONN
	CNRS
	OEAW
	INFN
	UOXF
	IFAE
	CEA
	CSIC

	Person months per participant:
	56
	64
	82
	24
	82
	46
	38
	24
	24

	Start month
	
	End month
	



	Objectives 

	Task 5.1 Coordination and Communication
See introductory section
Task 5.2. Development of high granularity DMAPS 
· Design of test structures and high granularity monolithic devices meeting different requirements, specifically high position resolution, low material thickness and power consumption, in particular targeting experiments at e+e- colliders such as Belle II, ILC and CLIC.
· Fabrication of test structures and high granularity prototypes in MPW runs.
· Development of a readout and test system for the devices.
· Characterisation of the devices in the laboratory and in beam tests before and after irradiation to medium doses and fluences.
Subtask Design 
· Design of monolithic pixel sensors with spatial high granularity
      Subtask Characterisation
· Tests and characterising measurements of high granularity monolithic pixel sensors 
Task 5.3. Development of radiation hard DMAPS
· Design of test structures and radiation hard monolithic devices for applications in experiments with very high rate and high radiation levels, such as LHC Upgrades (e.g. for long shut-down 4, LS4) or future hadron colliders. 
· Fabrication of test structures and a radiation hard prototype in a MPW run
· Development of a readout and test system for the devices
· Characterisation of the devices in the laboratory and in beam tests before and after irradiation to high fluence
Subtask Design 
· Design of monolithic pixel sensors with high radiation tolerance 
Subtask Characterisation 
· Characterisation of monolithic pixel sensors with high radiation tolerance


	Description of work

	Task 5.1. Coordination and Communication (UBONN, IFAE)
See introductory section
Task 5.2. Development of high granularity DMAPS (CNRS-IPHC, CERN, INFN-TO, UBONN, CNRS-CPPM, CSIC-IFIC, IFAE, UOXF)
DMAPS with high granularity (excellent position resolution), low mass and low power dissipation will be designed targeting specific experiments, like the vertex detectors of the Belle II upgrade, ALICE and Higgs factories. The challenges are to fit the needed electronics in a small pixel while also consuming little power. This can be achieved by exploiting the more relaxed timing requirements. A major effort is needed for the successful design of these devices following the guidance provided by simulating the prototype performance. After design validation, the ASICs will be submitted for fabrication. At this stage, careful interaction with the foundry is needed. 
After the devices are received they will be first tested in various laboratories and characterised. The final validation will be the test with particle beams. Afterwards the devices will be irradiated to the desired fluence (depending on the target application) and their performance will be re-evaluated in laboratories and with particle beams.  
This task will be led by CNRS-IPHC with the participation of designers from CERN, INFN, UBONN, CNRS-CPPM, CSIC, IFAE and PSI.  
Task 5.3. Development of radiation hard DMAPS (CERN, UBONN, CNRS, OEAW, UOXF, CEA)
Radiation hard DMAPS, capable of operating at high rates, are critical for the future operation of detectors for the LHC upgrades beyond the HL-LHC. The challenge is to develop radiation hard DMAPS at fluence levels way beyond fluences of 1015 neq/cm2. Again, a major effort is needed for the successful design of these devices that will require a careful simulation program. After design validation, the ASICs will be submitted for fabrication. At this stage, careful interaction with the foundry is needed. 
After the devices are received, they will be first tested in various laboratories and characterised. The final validation will be the test with particle beams. Afterwards the devices will be irradiated and their performance will be re-evaluated in laboratories and with particle beams. This last step will be repeated increasing the radiation fluence until the desired target is reached. In this way, the limits of the technology will be explored.  
This task will be led by CERN with the participation of designers from UBONN, OEAW, UOXF, CEA and UNILIV.

	Deliverables related to WP5

	D5.1: Report on performance of high granularity DMAPS Version 1	Comment by Lucie Linssen: There are 2 deliverables for task3. The deliverable  mentions « version 1 » and « version 2 », while that is not part of the WP description text.
Report on performance of high granularity monolithic pixel sensor 1 
	24

	D5.2: Report on performance of high granularity DMAPS Version 2
Report on performance of high granularity monolithic pixel sensor 2
	44

	D5.3: Report on performance of radiation-hard DMAPS 
Report on performance of structures and the radiation hard monolithic pixel 1
	36

	D5.4: Report of beam tests of irradiated radiation-hard DMAPS
Report of beam tests of radiation-hard devices after high irradiation
	46


WP6: Hybrid Pixel Sensors for 4D Tracking and Interconnection Technologies
	Work Package number 
	6
	Lead beneficiary
	INFN

	Work Package title
	Hybrid Pixel Sensors for 4D Tracking and Interconnection Technologies

	Participant number
	
	
	
	
	
	
	

	Short name of participant
	UZH
	INFN
	CSIC
	FBK
	JSI
	DESY
	IFAE

	Person months per participant:
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	Short name of participant
	CERN
	NOW-I/NIKHEF
	CONPART
	CNRS
	IZM
	UBONN

	Person months per participant:
	
	
	
	
	
	

	Start month - End month
	M1 – M48



	Objectives 

	Task 6.1. Coordination and Communication
See introductory section on page 29.	Comment by Iván Vila Álvarez: This is a smart way of sparing space but It would 
be useful to refer to the actual page where this section  is (Page 29)
Task 6.2. Simulation and processing of common 3D and LGAD sensor productions
· Optimization of processes for 3D and LGAD sensors for timing applications
· Simulations of various designs for 3D and LGAD sensors to compare and optimise the layout in terms of timing performance
· Simulations of surface and bulk radiation damage for 4D (tracking+timing) detectors toward more radiation tolerant solutions
· Processing of two common 3D sensor productions and two common LGAD productions by FBK/CNM
· Design and implementation of simulation software which is applicable to a large range of technologies and includes models for the description of effects from sensor level to readout electronics in semiconductor detectors
Task 6.3. Validation of common 3D and LGAD sensor productions
· Characterisation of the 3D sensors in terms of timing, radiation hardness and efficiency via measurements in the laboratory and beam tests
· Characterisation of small pitch LGAD and inverse LGAD sensors (iLGADs) from the common production in terms of timing and efficiency via measurements in the laboratory and beam tests
· Feedback to the foundries for further process optimisation of 3D and LGAD sensors
Task 6.4. Development of interconnection technologies for future pixel detectors
· Development of suitable Anisotropic Conductive Films (ACF) material and die-to-die bonding process flows for small pixel pitches
· Production and post-processing of dedicated planar sensor wafers for ACF trials
· Test of the performance of sensor modules interconnected with ACF
· Production and test of ultra-thin assemblies interconnected with a wafer to wafer bonding technology

	Description of work 

	Task 6.1. Coordination and Communication (UZH, INFN-GE)
See introductory section
Task 6.2. Simulation and processing of common 3D and LGAD sensor productions (FBK, CSIC-CNM, DESY, JSI, INFN-PG, INFN-TN, INFN-TO)
Simulations of pixel cell geometries and cell sizes of 3D and LGAD sensors will be carried out to optimise the timing performance.  Further TCAD simulations will be aimed at modelling the radiation effects, investigating the contributions of bulk and surface damage.
In the case of LGAD sensors, different technological solutions to reduce the inter-pixel dead area will be investigated via simulations and tests of existing prototypes. Two common productions of 3D sensors are foreseen at FBK and CSIC-CNM, and similarly for the LGAD-iLGAD sensors. Design choices will differ between the two producers to explore and compare a wider range of devices. The sensors will be compatible with the most promising readout chips in terms of timing resolution, available at the time of wafer layout submission. First tests of basic sensors performance, such as IV and CV, will be performed by FBK/CSIC-CNM at wafer level.
To better understand the detector performance for full detector assemblies, including the detailed characteristics of the sensing part and the contribution of the readout electronics, a common Monte Carlo simulation tool for semiconductor detectors will be set-up (Allpix2). 
Task 6.3.  Validation of common 3D and LGAD sensor productions (INFN-CA, INFN-GE, INFN-TN, INFN-TO, CSIC-IFCA, IFAE, UZH, CERN, JSI, NWO-I/Nikhef)
A first test of the 3D and LGAD diced sensors will be performed by measuring leakage currents and capacitance of these systems before the hybridization with readout electronics.
The post-processing of the four sensor productions will be carried out at IZM to thin or completely remove the handle wafers and deposit the Under-Bump Metallization. 
The Timepix4 readout chip, developed by the Medipix4 Consortium, is one of the possible ASICs that can be employed with the timing sensors developed in WP6. A few Timepix4 wafers will be post-processed with bump deposition.
The readout systems for the timing detectors will be developed employing non-optimised sensor prototypes during the simulation and processing phase of the common productions. The timing performance will be investigated by means of scans with radioactive sources and laser systems. Some of the devices will be irradiated with protons in different facilities and with neutrons in JSI to study if the timing performance is preserved. The final characterisation will be carried out with test-beams, also employing the new beam telescopes to be developed within the AIDAinnova project.
Task 6.4. Development of interconnection technologies for future pixel detectors (IZM,  UBONN, CERN, DESY, Conpart, CNRS-LPNHE)
Innovative bonding techniques for hybrid modules are investigated in this Task. 
Anisotropic Conductive Films (ACF), composed of microscopic conductive particles) suspended in an adhesive matrix, are an industrial solution for flexible die-to-die interconnections.  A common development between industry (Conpart) and research institutions will validate ACF-bonding for pixel detectors at future colliders. Planar sensors from a dedicated multi-project wafer production and existing readout components (such as Timepix3, CLICpix2, RD53 chips) will be used to develop suitable ACF materials and process flows for pixel pitches down to 25 microns.
Ultra-thin hybrid pixel assemblies will be developed, where sensors and front-end electronics are connected directly at the wafer surfaces (face-to-face wafer bonding) and thinned down. Fraunhofer IZM will develop an appropriate wafer-to-wafer bonding process using technologies like oxide-oxide or Cu-Cu fusion bonding. The sensor and the electronics could be thinned in material to 50-100 µm for the sensor and 10 µm for the electronics after the wafer bonding process. No Through Silicon Vias (TSVs) are necessary for the electrical connection to the readout electronics because the input/output-pads could be opened from the backside using standard etching techniques. For this demonstrator, 200 mm CMOS wafers will be employed.

	Deliverables related to WP6

	D6.1 Completion of common sensor productions
The processing of the two 3D and two LGAD productions will be successfully completed at the foundries. A preliminary electrical characterisation at wafer level will be performed.
	30

	D6.2: Final validation of timing performance of common productions
The 3D and LGAD sensors will be characterised in terms of timing performance, before and after irradiation. 
	46

	D6.3: Validation of ACF for large and small pitch assemblies
Modules interconnected with ACF will be tested to validate the yield and strength of the sensor-chip bonding with small pixel sizes from 25 to 55 microns per side. 
	46

	D6.4: Test of the final ultra-thin hybrid assemblies from wafer to wafer bonding
The characterisation will validate the module functionality after the extreme thinning, the interconnection yield and strength.
	46


WP7: Gaseous detectors for frontier science
	Work Package number 
	7
	Lead beneficiary
	

	Work Package title
	Gaseous detectors for frontier science

	Participant number
	
	
	
	
	
	

	Short name of participant
	CERN
	CNRS
	INFN
	UOXF
	RHUL
	CIEMAT

	Person months per participant:
	27
	39
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	11
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	USC
	CSIC
	Charles University
	ELTOS
	Picotech
	CAEN

	Person months per participant:
	48
	24
	20
	12
	14
	9

	Start month- End month
	M1 – M48



	Objectives 

	Task 7.1. Coordination and Communication
See introductory section
Task 7.2.  Multigap RPCs (MRPC) for fast timing and Eco-friendly gas mixtures for RPCs
· Developing and testing material (thin plates of low resistivity glass)
· Construction, characterisation and test beam of small-size prototypes 
· Construction of 1x1 m2 prototypes with the new readout plane structure for a semi-digital hadron calorimeter (SDHCAL)
· Test beam study of the shower time development in an SDHCAL, equipped with the prototype detectors
· Identification and characterisation of new gas mixture candidates
· Validation of the gas mixtures after large integrated doses at GIF++
Task 7.3.  Development of resistive electrodes for MPGDs and Industrial engineering of high-rate μ-RWELL detector
· Production of Diamond Like Carbon (DLC) with Ion Beam Deposition and Pulsed Laser Deposition
· Study of the resistance of Graphene to polyimide etching liquids
· Characterisation of 10x10 cm2 foils by DLC and Graphene
· Industrial production of small-size prototypes and their characterisation
· Industrial production of large-size prototypes, (∼ 0.5 m2), and their characterisation 
Task 7.4. A 4-channel electronic board prototype for cluster counting and Hybrid readout for high pressure gas TPC for neutrino physics
· Design electronics and realize a 4-channel prototype for cluster counting in ultra-light drift chambers 
· Identification and characterisation of adequate gasses 
· Construction of a small-scale TPC prototype (∼10 l) with a hybrid charge and optical readout
Task 7.5. Photon detectors for hadron particle identification at high momenta
· Development of MPGD single photon detectors for compact Ring Imaging Cherenkov detectors 
· Comparison of measured prototype characteristics with Silicon Photomultiplers (SiPMs) and Large Area Picosecond Photodetectors (LAPPDs).

	Description of work 

	Task 7.1. Coordination and Communication (CERN, INFN-TS)
See introductory section
Task 7.2.  
MRPCs for fast timing (INFN-BO, CNRS-Clermont-Ferrand, CNRS-IPNL, Picotech, CIEMAT, CERN)
MRPCs aiming at systems with a time resolution < 50 ps will be developed. Novel thin plates of low resistivity glass will be produced in close collaboration with industry. Small size prototypes will be characterised in laboratory studies and at test beams, where high rate capabilities O(100 kHz/cm2) can be investigated. In parallel, MRPCs of large size with a new 3 axis readout scheme equipped with dedicated electronics will be tested as active elements in sampling SDHCAL.
Eco-friendly gas mixtures for RPCs (INFN-LNF, CERN)
Further studies for the identification of eco-friendly gases for RPCs will be performed within this task. A major open question in relation to the validation of the gas candidates will also be addressed, namely the RPC performance when large integrated doses are collected: studies at the CERN GIF++ facility are planned.
Task 7.3.
Development of resistive electrodes for MPGDs (INFN-BA, INFN-LE, INFN-RM3)
DLC resistive layers are a key ingredient for increasing the rate capabilities of MPGDs. Their production method and related quality will be studied by Ion Beam Deposition and Pulsed Laser Deposition. Graphene layers will be studied as resistive elements in MPGDs and the possibility of using them as masks in the chemical etching process will be investigated. New foils of 10x10 cm2 with DLC and Graphene will be produced and Characterised.
Co-development of the industrial manufacturing process of high-rate μ-RWELL detector (INFN-LNF, INFN-BO, INFN-FE, ELTOS)
Several prototypes of μ-RWELL detectors will be developed by industry in close collaboration and under the supervision of the scientific partners. The μ-RWELLs will have high-rate capability. First, small dimension prototypes of 10x10 cm2 and later larger ones, up to 30x60 cm2 will be produced. The prototypes will be fully Characterised.
Task 7.4.
A 4-channel prototype electronic board for cluster counting (INFN-LE, CAEN)
The principle demonstration of cluster counting in ultra-light drift chambers will be established with the design of appropriate electronics and the realization of a 4- channel prototype.
Hybrid readout high pressure gas TPC for neutrino physics (RHUL, UOXF, INFN-BA, USC, CSIC-IFIC, CERN)
The principle of hybrid readout high-pressure gas TPC for neutrino physics will be established through the identification and validation of adequate gases and the construction of a small-scale TPC prototype (∼10 l) with a hybrid charge and optical readout. Hydrogen-rich gas mixtures and mixtures that allow for primary scintillation tagging will be investigated.
Task 7.5. Photon detectors for hadron particle identification at high momenta (INFN-TS, INFN-BA, INFN-BO, Charles University) 
The principle of compact RICH counters for hadron Particle Identification (PID) at high momentum will be established by developing gaseous single photon detectors. The RICH counter performance using these detectors will be compared via simulation studies with those obtained with photon detection by SiPMs and by LAPPDs (large-size Micro Channel Plate-Photo Multipliers, MCP-PMT).

	Deliverables related to WP7

	D7.1: Characterisation of the small size prototypes of MRPCs for fast timing and high rates 
Small size prototype of MRPCs by the novel resistive gas in thin layers will be designed, built and characterised to validate the principle by demonstrating fast timing and high rate capabilities. 
	36

	D7.2: Validation of the eco-friendly gas mixtures for RPCs at GIF++ 
The eco-friendly gas mixture candidates for RPCs will be validated concerning RPC performance at high rate and after large integrated charge collection to access possible detector ageing when the new gases are used. A complete report will be provided.
	45

	D7.3: Production with industry of small-size prototypes of microRWELLs 
Small-size microRWELL prototypes will be produced by industry under the guidance and supervision of the research team. A complete report will be provided.
	30

	D7.4: A small-scale TPC prototype (∼10 l) with a hybrid charge/ and optical read out and a hydrogen rich gas mixture with high (primary) scintillation yield 
The principle of high pressure TPC for neutrino physics at accelerators will be proved via the design and construction of a small-scale prototype. A complete report will be provided.
	46

	D7.5: Small-size prototype of a MPGD single photon detector for compact RICHes 
A small size prototype of a detector of single photons for RICH application by MPGD technologies will be designed and built. The miniaturized pad-size makes it adequate for compact RICHes.
	46


WP8: Calorimeters and Particle Identification Detectors
	Work Package number 
	8
	Lead beneficiary
	

	Work Package title
	Calorimeters and Particle Identification Detectors
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	Short name of participant
	CNRS
	DESY
	INFN
	CERN
	VU
	JGU
	TAU

	Person months per participant:
	29,0
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	57,4
	25,0
	16,0
	12,0

	Participant number
	8
	12
	22
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	24
	15
	23

	Short name of participant
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	CUNI
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	Start month - End month
	



	Objectives 

	Task 8.1. Coordination and Communication
See introductory section
Task 8.2. Towards next generation highly granular calorimeters
· Development of a common electromagnetic and hadronic calorimeter data concentration interface for minimised space and power consumption
· Demonstrator with functional active detector elements and full read-out chain
· Development of a high granularity demonstrator for Liquid Noble gas calorimeters with innovative readout technologies
Task 8.3. Innovative calorimeters with optical readout  
· Optimisation of crystal materials and processes for fast timing applications in radiation environments
· Industrialization of the production process of fast and radiation-hard crystals
· Study of neutron detection with organic scintillators
· Develop scalable production procedures for large-scale highly granular scintillator calorimeters
Task 8.4. Innovative solid-state light sensors and highly-granular dual-readout fibre-sampling calorimetry 
· Systematic study of neutron irradiated SiPMs at different temperatures
· Development of SiPMs with improved radiation resistance
· Definition of the specifications for an optimal ASIC and the readout for fibre-sampling dual-readout calorimeters
· Construction of several 10×10 cm2, 2 m long, dual-readout matrices with SiPM sensors and readout electronics

	Description of work 

	Task 8.1. Coordination and Communication (CNRS-IJCLab, INFN-Pavia, DESY)
See introductory section
Task 8.2: Towards next generation highly granular calorimeters 
Integration aspects of highly granular calorimeters (DESY, CNRS-IJCLab, CNRS-LLR, CNRS-LPNHE, JGU, CERN and TAU):  Highly granular electromagnetic and hadronic calorimeters at future colliders will have up to 108 readout cells, calling for common solutions for services such as data concentrators interfacing the embedded front-end electronics and the data acquisition outside the detector. This subtask will develop compact and innovative data concentrator and power distribution units, serving more than 106 cells and satisfying tightest space and power constraints. The technical solutions will be embedded in a demonstrator that will be applicable to particle physics detectors at future e+e- colliders such as ILC, CLIC, CEPC, FCCee. For this demonstrator mechanical structures and silicon and scintillator based active elements will be provided, too.
Future Liquid Noble Gas Calorimeters (CERN, CNRS-IJCLab, CNRS-LAPP, UCharles): The precision requirements of future particle physics experiments impose an increase of the granularity by around a factor of 10 w.r.t. the Liquid Argon calorimeter of the LHC experiment ATLAS. This will be achieved by the development of segmented readout electrodes integrated into PCBs. Typically, higher granularity implies higher capacitive noise. One important objective is thus to control the capacitive noise at a level to measure photons with energies well below 1 GeV. Multilayer PCB prototypes will be realised and tested, and the timing capabilities of such a calorimeter will be studied.
Task 8.3. Innovative calorimeters with optical readout  
Crystal detectors (CERN, FZU, UVilnius, INFN-PG, INFN-LNF, GLASSTOPOWER, CRYTUR): Radiation-hard optical materials with ultrafast timing response are required for new detectors in HEP, nuclear medicine, and industry. A time resolution below 30 ps or even in a sub-ps domain demands for a better understanding of the fast signal production mechanisms in detection materials. Innovative test suites required for the combination of fast timing and radiation tolerance will be developed for the characterisation and classification of crystals. Scalable and cost-effective production techniques for the novel materials will be explored together with the industrial partners.
Large area scintillator detectors (MPP-MPG, DESY, INFN-BO, JGU): Organic scintillators offer a fast response and high light yield for moderate cost, making them a good choice for the application in large area detectors, like the muon detector of the SHiP experiment or the electromagnetic calorimeter of a Near Detector for the DUNE long-baseline neutrino experiment. Direct readout with SiPMs, pioneered for application in hadron calorimeters for electron-positron colliders, allows building compact calorimeters with high granularity and good time resolution. Several geometrical configurations of large tiles and strips will be studied to optimise their application in large area detectors. Enhanced test benches for the use with large detection units will be developed. The tests include studies to enhance the neutron detection capability for neutrino experiments by doping or coating of the scintillator material. A prototype for a SHiP muon detector module will be built and tested in order to demonstrate a time resolution of about 300 ps using large tiles (200 cm2) as building blocks. 
[bookmark: __DdeLink__5750_118627726]Task 8.4: Innovative solid-state light sensors and highly granular dual-readout fibre-sampling calorimetry
Innovative SiPMs and future applications in PID detectors (JSI, INFN-PD, CERN, FBK, UiB, FZU):
Single-photon sensitivity, high photo-detection efficiency and a time resolution at the level of O (50-100 ps) make SiPMs excellent candidates for particle ID and energy measurements at future high-rate colliders or fixed-target experiments. In collaboration with FBK, multi-channel detectors with improved radiation hardness will be developed and qualified. The dark-count noise performance at different temperatures will also be addressed. In order to optimise operation conditions, an adaptive power supply will be developed in collaboration with the Czech company FOTON. 
Development of highly-granular dual-readout fibre-sampling calorimeters (INFN-PV, USussex, RBI and CAEN): The dual-readout fibre-sampling technique offers a way to overcome one of the limiting factors in hadron calorimetry, by cancelling, event by event, the effects of the electromagnetic fraction fluctuations in hadronic showers, and, with SiPM read-out, provides high granularity and angular resolution. The production and mechanical assembly of the detector elements, the readout of O(108) channels with an optimised scalable system, and the possibility to discriminate photon and electron showers from hadrons by time measurements will be investigated. The readout system will be developed in collaboration with CAEN in order to equip several 10×10 cm2, 2 m long, prototypes to be qualified with test beams.

	Deliverables related to WP8

	D8.1 Demonstrator of a combined system of highly granular electromagnetic and hadronic calorimeters (operational demonstrator with documented results)
An operational demonstrator will be constructed that proves detector integration and operation with interfaces in a confined space. Its performance will be documented in a report. 
	36

	D8.2 Report on prototype construction, performance and assessment of industrialisation
New materials enabling high precision timing will be selected by means of test bench measurement and assembled into a prototype that will allow the also the assessment of industrialization for realistic detector systems.  
	36

	D8.3 Qualification of neutron irradiated  SiPMs at different temperatures
A catalogue will be presented of SiPMs that have been subject to irradiation. This catalogue will constitute the reference for European groups on the choice of SiPM for future experiments.  
	44

	D8.4 Construction and qualification with beam of 10×10 cm2, 2 m long, prototypes 
A large-scale prototype of a dual readout calorimeter that allows for extrapolation to a full system will be constructed and operated. Its performance will be documented in a report. 
	46


WP9: Cryogenic Neutrino Detectors
	Work Package number 
	9
	Lead beneficiary
	CNRS, UNIMAN, CIEMAT

	Work Package title
	Cryogenic Neutrino Detectors

	Participant number
	
	
	
	
	
	

	Short name of participant
	UNIBE
	CEA
	CIEMAT
	CNRS
	UNIMAN
	INFN

	Person months per participant:
	16
	10
	14
	31
	46
	13

	Start month - End month
	M1 – M48



	Objectives

	Task 9.1. Coordination and Communication
See introductory section
Task 9.2. Pixel charge readout 
· Optimised pixel tile pattern for the DUNE LAr far detector
· Design and prototype for large scale tile-based anode plane
Task 9.3. Dual-phase charge readout
· Novel dual-phase Large Electron Multipliers (LEM) design to increase active area, spark prevention and stability
· Development and tests of novel design of the Charge Readout Plane (CRP) integration surface of the LEMs and of extraction grids design
· Developments and tests of integrated cold electronics, new feedthrough chimneys design
· Developments in associated digitization hardware and online data treatment
Task 9.4. Light readout 
· Characterisation of new photon detection methods, calibration devices and readout electronics 
· Implementation and characterisation of a more efficient light collection system in ProtoDUNE phase II (Xe doping and Wave Length Shifting (WLS) combined with reflective foils)
· Dissemination of R&D results and ProtoDUNE II light-collection performance (web site)



	Description of work

	Task 9.1. Coordination and Communication (CNRS, UNIMAN)
See introductory section
Task 9.2. Pixels charge readout (UNIMAN, UNIBE)
This task will study pixel readout for large scale Liquid Argon TPCs for neutrino detection. Compared to the wire-based readout currently used in single-phase liquid-argon detectors,  pixelated readout will reduce reconstruction ambiguities through the direct readout of 3D space points compared to the 2D projections used in current detectors, and facilitate the production of readout elements compared to the DUNE large anode wire plane assemblies (APAs). A pixel pattern will be developed that maximises the 3D reconstruction efficiency. Pixel PCB board designs for large-scale anode planes using pixel tiles need to fulfil the tight requirement for mechanical and electrical tolerances defined by large scale cryogenic neutrino detectors.  The outcome of the work will consist of the design of an optimised pixel tile pattern for the DUNE far detector; and the design and the construction of a prototype for large scale tile-based anode plane. Main applications concern the DUNE far detector and the DUNE near detectors ArgonCube. 
Task 9.3. Dual-phase charge readout (CNRS (IP2I,LAL,LAPP), CEA)
This task will pursue innovative R&D on the dual-phase charge readout planes in view of the construction of a DUNE dual-phase 10 kton module. This R&D will be performed on the basis of the experience of ProtoDUNE-DP and by exploiting the existing infrastructure (cold-box, ProtoDUNE-DP II) within the CERN Neutrino Platform.  The work covers the different components of the charge readout planes and of their readout system: novel  design for the Large Electron Multiplier (LEM) detectors operating in pure Ar gas phase in order to increase their active area, prevent sparks and improve operational stability; development and tests of novel charge readout plane surfaces for the LEM integration, new designs of the grids used to extract electrons from LAr to the gas phase; on the readout side developments and tests of the integrated cold electronics and of new design for the feedthrough chimneys (CNRS IJCLab); developments in associated digitization hardware and online data treatment in order to fully finalize the design for the DUNE 10 kton data taking and online data treatment to determine trigger conditions. The task will be based on existing facilities at CEA, IPNL, LAL, LAPP, and CERN’s Neutrino Platform. 
Task 9.4. Light Readout (CIEMAT, INFN (Milano-Bicocca), UNIMAN)
This task focuses on innovation in the scintillation light readout in large liquid argon detectors. The task will cover the development of light collection readout methods: photo-sensors and electronics, new wavelength shifting methods and light calibration. The goals of this task are the characterisation of the new photon detection methods, calibration devices and readout electronics in a CERN test-stand; the implementation and characterisation of a more efficient light collection system in ProtoDUNE phase II (based on Xe doping and WLS coated reflective foils); the dissemination of R&D results and ProtoDUNE II light-collection performance. This task will exploit existing facilities such as cryogenic and vacuum installations with radioactive sources for calibration purposes; a cryogenic laboratory (ArgonLab)  with  the capability to uniformly evaporate surfaces up to 50x50cm2 with tetraphenyl-butadiene (TPB) and other wavelength shifters; small scale test facility for tests of a single Photon Detection System (PDS) cell and characterisation of SiPMs; 50 l facility for Xe doping tests (CERN Neutrino Platform).

	Deliverables related to WP9

	D9.1: Large-scale Pixel anode 
Publication of a design and prototype for a large-scale tile-based anode plane
	46

	D9.2: Dual-phase Chimneys, LEMs, Digitization Chain, CRPs
Results on the overall performance of new dual phase design, including Chimneys, LEMs, digitization chain and CRPs
	46

	D9.3: R&D in LAr  optical read-out
Publication of R&D results and ProtoDUNE II light-collection performance
	46


WP10: Advanced Mechanics for Tracking and Vertex detectors
	Work Package number 
	10
	Lead beneficiary
	CERN

	Work Package title
	Advanced Mechanics for Tracking and Vertex Detectors

	Participant number
	
	
	
	
	
	

	Short name of participant
	CERN
	CSIC
	CSEM
	INFN
	LIT
	MPG-MPP

	Person months per participant:
	
	
	
	
	
	

	Participant number
	
	
	
	
	
	

	Short name of participant
	WORKSHAPE
	CNRS
	NTNU
	UOXF
	ETALON
	

	Person months per participant:
	
	
	
	
	
	

	Start month - End month
	M1- M48



	Objectives

	Task 10.1. Coordination and Communication
See introductory section
Task 10.2. Engineering of optimised cooling substrates
· Develop the process of cooling channel integration in CMOS structures into scalable solutions
· Define the optimal geometrical features attainable for 3D printed ultra-thin cold plates in metal alloys and ceramic composites
· Implement the full integration of cooling features into ultra-light carbon composite structures
Task 10.3. Micro-connectivity
· Define advanced engineered solutions for the hydraulic interconnection of multiple micro-structured silicon cold plates
Task 10.4. Supercritical CO2 as refrigerant 
· Characterise Supercritical CO2 (sCO2) as a possible ultra-effective single-phase refrigerant for “warm” detector cooling
· Study the design of new supercritical heat exchangers for optimal energy recovery at higher temperatures in transcritical CO2 cycles
Task 10.5. Characterisation of ultra-light structures
· Evaluate the feasibility of a new version of the existing Frequency Scanning Interferometry (FSI) instrumentation suited for use as an accurate survey of ultra-light and small detector structures
· Refine and standardize the methodology for vibration and distortion measurements in view of new and more precise specifications for future detectors

	Description of work 

	Task 10.1. Coordination and Communication (CERN, CSIC-IFIC) 
See introductory section
Task 10.2. Engineering of optimised cooling substrates (CSIC-IFIC, CERN, CSEM, INFN-PI, LIT, MPG-MPP, Workshape) 
The groups involved in this task will develop several new approaches to integrate active cooling solutions in silicon detector systems. The innovative solutions improve the cooling performance while minimizing the contribution to the material budget and provide a promising testbed for applications in other areas.
Sculpting in silicon: Integrated micro-channels in silicon sensors (CSIC-IFIC, CERN, INFN-PI, MPG) 	Comment by Felix Sefkow: Do we want the groups per sub-task? Have erased task sharing details elsewhere.
Modern semiconductor processes allow for the integration of the cooling system in the silicon sensor itself, thus ensuring direct thermal contact, perfectly matched thermal expansion coefficients, and minimal impact on the material budget. This Task builds on two complementary processes demonstrated in AIDA-2020 and will develop these into a scalable and mature solution, compatible with the requirements of advanced CMOS sensors. A realistic demonstrator ladder will be produced in collaboration with WP5.
Ultra-light 3D printed cold plates (CERN, CSEM, Lithoz GmbH)
Leveraging on the recent progresses in Additive Manufacturing technologies (“3D-printing”), the task will target standardised and reliable approaches to produce 3D-printed high precision micro-channel cold plates. Different metallic alloys and ceramic composites will be studied and experimentally characterised. The minimum channel cross section attainable for a fixed channel length will be investigated, thus providing clear guidelines for the engineering of the future advanced detector cooling solutions.
Ultra-light composite structures with fully integrated cooling (Workshape, CERN) 
This activity will optimise production of ultra-light composite support structures with integrated cooling. It will focus on heat exchangers made of carbon fibre composites with embedded ultra-thin polymeric micro-pipes compatible with high-pressure liquid coolants. The design and production of heat exchangers made of carbon foam radiator for forced air cooling will be studied, to be used for very low power applications.
Task 10.3. Micro-connectivity (CNRS-LPNHE)
The problematic of interconnectivity between different micro-channel devices still represents one of the most challenging aspects of micro-channel cooling and a fundamental limiting factor to a more generalized adoption of this highly performing approach. This issue will be tackled in Task 10.3, studying in particular the integration with silicon devices of 3D-printing techniques based on new materials. The work will aim at greatly simplifying the design of some of the parts, and at studying the integration of the connection in the interior part of the cooling element. Based on initial studies, prototypes of hydraulic interconnecting elements will be tested on samples produced in the AIDA-2020 project. A possible small ad hoc production of new devices optimised for interconnectivity is envisaged for the final phase of the activity.
Task 10.4. Supercritical CO2 as refrigerant (NTNU, CERN) 
Supercritical CO2 (sCO2), a special status attained by CO2 above 31 °C and 76 bar, can in principle provide extremely effective single-phase cooling in extremely small pipes and micro-heat exchangers, with values of the heat transfer coefficient comparable to those typical of two-phase flows, but with much lower pressure drops and much more controllable flow conditions.
The activity will target two different applications of sCO2: on the one hand its use as ultra-effective single-phase refrigerant for detector cooling at temperature in the range +32 to +45°C; and on the other hand, the special design of new supercritical heat exchangers for optimal energy recovery at higher temperatures in trans-critical CO2 cycles. In addition, the partners will launch detailed studies of the thermohydraulic phenomena in small pipes passing across the critical point, which are also useful as a base for other potentially interesting supercritical fluids at lower temperatures.
Task 10.5. Characterisation of ultra-light structures (UOXF, Etalon GmbH) 
The central infrastructure for the characterisation of the mechanical performance of advanced and transparent silicon sensors at the University of Oxford will be further developed and made available to groups inside and outside AIDAinnova. The methodology for vibration and distortion measurements will be refined and a standardised interpretation and formulation of detector specifications will be developed. In particular, the partners will evaluate the feasibility of a new version of the existing Frequency Scanning Interferometry (FSI) instrumentation requiring substantially smaller reflectors – or even directly sensitive to material reflection properties - for a similar precision in absolute position determination. Such a new instrumentation would be potentially used for accurate survey of ultra-light and small structures. The infrastructure will be used to characterise advanced prototypes from several groups and a comprehensive set of measurements will be made available for use in the design of future detectors.

	Deliverables related to WP10

	D10.1 Cooling Device Demonstrators
Set of at least three demonstrators, one per technology developed, accompanied by a report
	M46

	D10.2 Hydraulic Interconnection Technologies
Report on validated technologies and their applications
	M44

	D10.3 Supercritical CO2 as a refrigerant
Publication (submitted) on the use and properties of sCO2 as refrigerant
	M44

	D10.4 Upgraded FSI
Feasibility study of new mirrorless FSI
	M46


WP11: Microelectronics
	Work Package number 
	11
	Lead beneficiary
	CNRS, INFN

	Work Package title
	Advanced Microelectronics

	Participant number
	
	
	
	
	
	
	

	Short name of participant
	AGH
	CNRS
	DESY
	INFN
	UHEI
	UBONN
	Weeroc

	Person months per participant:
	
	
	
	
	
	
	

	Start month - End month
	M1-M48



	Objectives 

	Task 11.1. Coordination and Communication
See introductory section
Task 11.2. Exploratory study of advanced CMOS (28 nm) 
· Explore advanced 28 nm CMOS for future trackers
· Design and test front-end prototypes
Task 11.3. Networking and ASICs for other WPs (65/130 nm)
· Cold and timing ASICs in 65/130nm CMOS 
· MPGD readout ASICs
· Silicon and SiPM readout ASICs for future colliders and timing applications 

	Description of work 

	Task 11.1. Coordination and Communication (CNRS, INFN)
See introductory section
Task 11.2. Exploratory study of advanced CMOS (28 nm) (INFN, AGH, CNRS, UBONN)
This task will evaluate the suitability of the CMOS 28 nm technology, as a successor of previous, obsolete technologies with larger feature sizes, for the challenges of front-end electronics in future HEP detectors. It will qualify the radiation tolerance and the digital as well as the analogue performance, which is a challenge as the more recent technologies more and more digital-oriented.
For this purpose, the participants will design test structures used in HEP chips such as low noise preamplifiers, fast discriminators, digitizers (ADCs, TDCs), advanced data processing and high-speed I/O drivers for high rate data transfer and for interfacing to silicon photonics circuits.
Once the test blocks have shown successful performance, larger size demonstrators will be built. Their pixel readout matrix will be large enough (e.g. 64x64 cells) to test the behaviour and the statistical distribution of analogue parameters such as noise, gain and threshold dispersion, and to verify the techniques to isolate analogue blocks from digital interferences. In addition to the classical analogue front-end blocks (charge-sensitive preamplifier, discriminator) and control circuits (such as a threshold trimming DAC), the pixel readout cell will also include high-resolution digital timing blocks, which are crucial for future 4D detectors, exploiting the potential for high functional density of the 28 nm CMOS node.
At least one 15-20 mm2 prototype chip is foreseen in 28 nm CMOS multi-project wafer runs within this Task. Additional contributions from participants may allow the Task to develop further prototypes exploring design alternatives in terms of circuit functions and architectures and of pixel size that are interesting for future applications. The progress is followed up by design reviews before the chip submissions, which will constitute milestones, and measurement reports, which will constitute deliverables.  
Task 11.3. Networking and ASICs for other WPs (65/130 nm) (CNRS, AGH, DESY, INFN, UHEI, WEEROC)
Large dynamic range detectors such as calorimeters, imaging and timing detectors require excellent analogue performance and not so much high density or deep submicron CMOS structures. This task will provide high speed pico-second timing readout ASICs for innovative detectors developed by other work-packages, such as MPGDs, silicon, SiPMs or LGADs, sharing expertise from one detector readout to another. More specifically, SiPM calorimeters and FCAL readout ASICs for WP8 will be covered by this task. The chips will be fabricated in MPWs or engineering runs in the 65/130 nm technology that can be shared between the participants, making the synergies even more cost-effective. The participation of the SME WeeROC in fast SiPM readout electronics ensures direct transfer to applications beyond HEP, e.g. for medical imaging.
Several advanced detectors using noble liquids operate the readout electronics ASICs close to the sensor at cryogenic temperature, which is beneficial for the performance and can just make the detector possible. Since the simulation models are no longer valid below -50°C and often not accurate enough for the picosecond domain, test vehicles will be built to extract the cryogenic and high-speed parameters for simulations. Various blocks from a readout chain (fast preamplifiers, shapers, ADCs, TDCs) will be characterised at cryogenic temperature. Digital parameters for high-speed serial output at cryogenic temperatures will be extracted and a cryogenic digital library be built. 
As for task 11.2, the progress will be monitored by design reviews and the chips will constitute the deliverables of the task

	Deliverables related to WP11

	D11.1: MPW 28 nm 
The deliverable is a multi-project wafer fabrication with the different test ASICs in CMOS 28 nm
	24

	D11.2: MPW 65/130 nm
The deliverable is a multi-project wafer fabrication with ASICs in CMOS 65 and/or 130 nm that can be used to readout detectors from the other WPs and in particular WP8
	24

	D11.3: Measurement reports
Each of the ASIC fabricated in the 2 previous deliverables will have its design and performance documented in a report
	42


WP12: Software
	Work Package number 
	12
	Lead beneficiary
	CERN, DESY

	Work Package title
	Software

	Participant number
	
	
	
	
	
	
	

	Short name of participant
	CERN 
	DESY
	CNRS 
	UNIMAN
	INFN 
	UWAR
	UOS

	Person months per participant:
	94
	87
	73
	22
	41
	23
	10

	Start month - End month
	



	Objectives 

	Task 12.1. Coordination and Communication
See introductory section
Task 12.2. Turnkey Software
· Integrated Turnkey Software Stack, for physics and performance studies
· Simplified data model toolkit for modern hardware platforms
· Digitisation extensions for geometry toolkit
· R&D study on frameworks to manage heterogeneous resources
Task 12.3. Simulation
· Fast simulation techniques integrated into Geant4
· Machine learning based calorimeter simulation toolkit for training and inference
Task 12.4. Track Reconstruction
· Develop complete track reconstruction chain with Acts composable algorithms
· Implement a portable version of Acts algorithms, for heterogeneous computing
· Machine learning reconstruction algorithm for MPGD detectors
Task 12.5. Particle Flow Reconstruction
· Advanced PFA algorithms for DUNE detectors using new readout technologies
· PFA algorithm with particle ID for dual-readout calorimeters 
· Optimised APRIL PFA algorithm for hadronic jets

	Description of work

	Task 12.1. Coordination and Communication (CERN, DESY)
See introductory section
Task 12.2. Turnkey Software (DESY, CERN, INFN)
This task will build an integrated software stack that can be used for studies of proposed future detectors at new HEP accelerators, such as FCC, ILC and CLIC. Using common build and deployment tools (Spack + CVMFS) a build and test infrastructure will be established. Current ILC algorithms will be adapted to a new common data model (EDM4hep) based on the EDM toolkit developed in AIDA-2020. Physics algorithm performance will be integrated early in the project. The common DD4hep toolkit will be adapted for digitisation tasks, and the framework will be generalised to heterogeneous resources.
Task 12.3. Simulation (CERN; DESY, CNRS, UNIMAN)
This task will tackle the most time-consuming piece of HEP detector simulation, namely the calorimeters. Current parametric approaches used in experiments will be generalised to allow for faster and easier integration of new detector designs. General models for applying machine learning to calorimeter responses will be studied, taking advantage of the great advances in this field for HEP. The task will move beyond the current implementations of very specific models for shower simulation and will have a closer integration of the training and inference with the rest of the Geant4 simulation.
Task 12.4. Track Reconstruction (CNRS; CERN, DESY, INFN)
A new toolkit, Acts, is a generic, yet high performance, tracking code factorised from state-of-the-art tracking in the ATLAS experiment. This task will incorporate updated tracking algorithms into Acts, improve pattern recognition and combinational track finding. Additional work will be done to investigate machine learning algorithms and approaches to heterogeneous computing, which can be validated against standard benchmark tests. Another focus will be on a particular class of MPGD detectors for tracking, developing specialised algorithms for this detector type.
Task 12.5. Particle Flow Reconstruction (UWAR; CERN, INFN, CNRS, UOS)
Particle flow algorithms (PFA) are the state-of-the-art reconstruction for HEP calorimeters and neutrino detectors. The task will further develop and tune these algorithms for the next generation of large LAr detectors for neutrino experiments, with a variety of readout technologies (dual-phase, 3DST, optical 3D). Machine learning approaches will also be developed. An alternative algorithm, APRIL PFA, particularly for hadronic jets, and PFA for a new generation of dual-readout calorimeters will be tackled, too.  All of these developments will be incorporated into the generic Pandora framework so they can be used and compared to other approaches.

	Deliverables related to WP12

	D12.1 Turnkey Software Stack (Key4hep).
Fully functional turnkey software stack (Key4hep) with simulation, track reconstruction and particle flow algorithms running for the linear colliders and the FCC, using the common event data model (EDM4hep), with documentation and examples.
	46

	D12.2 Fast shower simulation in Geant4.
Fast shower simulation based on parameterizations and based on machine learning techniques fully integrated in Geant4, released with documentation and examples.
	46

	D12.3 ACTS Tracking Algorithms.
Track reconstruction algorithms incorporated into Acts, and fully documented, that manage the full tracking chain on CPU and non-CPU devices, with optional machine learning based algorithms available, also supporting MPGD detectors.
	45

	D12.4 PFA Reconstruction Algorithms.
Improved and documented particle flow algorithms, including machine learning based algorithms, available in the PandoraPFA toolkit, suitable for detectors using new readout technology.
	45


WP13: Prospective and Technology-driven Detector R&D
	Work Package number 
	13
	Lead beneficiary
	JSI

	Work Package title
	Prospective and Technology-driven Detector R&D

	Participant number
	
	

	Short name of participant
	JSI
	CERN

	Person months per participant:
	4
	2

	Start month - End month
	M1 – M48



	Objectives

	Task 13.1. Coordination and Communication
· Define and supervise the selection procedure for the generic R&D projects
· Establish the connection to the Management and the communication with other WPs
· Manage the administrative, financial and IP aspects of the projects
Task 13.2. Follow-up and Evaluation 
· Monitor the progress of individual projects and ensure regular reports to the community
· Evaluate the results and the effectiveness of the supporting measures

	Description of work 

	Task 13.1. Coordination and Communication (JSI, CERN)
At the start of AIDAinnova, eligibility and evaluation criteria for the generic R&D projects will be defined, and a call for proposals will be issued. The call shall give indications of topics, such as detectors for extreme conditions (very high radiation levels, cryogenic environments), ultimate accuracy, or novel materials or technologies, and emphasise industrial participation. A small committee will be set up, evaluate the proposals, select the projects to be supported and allocate funding. A light-weight monitoring procedure shall enable regular reports to the steering committee and assist in fostering exchange and cooperation with other WP where appropriate. The Coordination team will manage the administrative and financial aspects and provide support in questions of IP. 
Task 13.2. Follow-up and Evaluation (JSI, CERN)
The leaders of the selected projects are expected to hold a kick-off meeting, set up a work and resource plan and communicate it to the Coordinator. In the course of the project progress reports shall be regularly given at the Annual Meetings, and at the end written reports document the results. The coordinator, together with the Management Team, will also evaluate the Work Package as a whole and the effectiveness of its approach.   

	Deliverables related to WP13

	D13.1 Summary Report of generic R&D projects and evaluation of the approach 
Summary of project results and evaluation of approach
	46




Table 6 List of Deliverables 
[bookmark: _Ref33396407][bookmark: _Ref33396394]Table 6: List of Deliverables
	Deliverable
No
	Deliverable name
	Work Package No
	Lead partici-
pant
	Type
	Dissemi-
nation level
	Delivery date

	D1.1
	European Roadmap for Detector R&D
	1
	DESY
	X
	PU
	M18

	D2.1
	Presentation video
	2.1
	CERN
	DEC
	PU
	M3

	D2.2
	Final report on career actions for young scientists
	2.2
	CERN
	R
	PU
	M47

	D2.3
	Report on Communication, Dissemination and Outreach
	2.3
	CERN
	R
	PU
	M48

	D2.4
	Impact analysis
	2.4
	X
	X
	X
	48

	D3.1
	Common cold box delivered
	3.2
	CERN
	DEM
	PU
	M30

	D3.2
	New software developments available for use
	3.2
	UCL
	R
	PU
	M39

	D3.3
	New TLU produced
	3.3
	UNIVBRIS
	DEM
	PU
	M39

	D3.4
	Common readout boards delivered
	3.5
	CERN
	R
	PU
	M42

	D3.5
	Telescopes upgraded with new layers
	3.3
	CNRS
	DEM
	PU
	M46

	D4.1
	Integrate the data acquisition and control system at RBI-AF
	4.2
	RBI
	R+
	PU
	M40

	D4.2
	Deploy full  prototype for irradiation facilities data management including sample tagging and spectrometry features
	4.3
	CAEN
	R, DEM
	PU
	M46

	D4.3
	Evaluate Non-Ionizing Energy Loss (NIEL) of irradiation facilities with dedicated dosimeter structures
	4.3
	CERN
	R
	PU
	M42

	D4.4
	Offer support towards the implementation of TPA-TCT systems and contribute to the evaluation of newly developed sensors technologies
	4.4
	CERN
	R
	PU
	M46

	D4.5
	Develop a conductive noise test bench for irradiation facilities
	4.5
	ITAINNOVA
	DEM
	PU
	M46

	D5.1
	Report on performance of high granularity DMAPS Version 1
	5.2
	CNRS/
IPHC
	R
	PU
	24

	D5.2
	Report on performance of high granularity DMAPS Version 2
	5.2
	INFN
	R
	PU
	44

	D5.3
	Report on performance of radiation-hard DMAPS
	5.3
	UBONN
	R
	PU
	36

	D5.4
	Report of beam tests of irradiated radiation-hard DMPAS
	5.3
	CERN
	R
	PU
	46

	D6.1
	Completion of common productions
	6.2
	CSIC-CNM /FBK
	R
	PU
	30

	D6.2
	Final validation of timing performance of common productions
	6.3
	INFN
	R
	PU
	46

	D6.3
	Validation of ACF for large and small pitch assemblies
	6.4
	CERN
	R
	PU
	46

	D6.4
	Test of the final ultra-thin hybrid assemblies from wafer to wafer bonding
	6.4
	UBonn
	R
	PU
	46


	D7.1
	Characterisation of small size MRPC prototypes for fast timing and high rates
	7.5
	INFN-TS
	DEM
	PU
	M36

	D7.2
	Validation of the eco-friendly gas mixtures for RPCs at GIF++
	7.3
	INFN-LNF
	R
	PU
	M45

	D7.3
	Production with industry of small-size prototypes of μRWELLs
	7.2
	INFN-BO
	R
	PU

	M30

	D7.4
	A small-scale TPC prototype (∼10 l) with hybrid charge/optical readout and a hydrogen rich gas mixture with high scintillation yield
	7.2
	INFN-LNF
	R
	PU

	M46

	D7.5
	Small-size prototype of a MPGD single photon detector for compact RICHs
	7.4
	RHUL
	DEM
	PU
	M46

	D 8.1
	Demonstrator of a combined system of highly granular electromagnetic and hadronic calorimeters
	8.2.1
	DESY
	DEM
	PU
	36

	D 8.2
	Report on prototypes construction, performance and assessment of Industrialisation
	8.3.1
	CERN
	R
	PU
	36

	D 8.3
	Qualification of neutron irradiated SiPMs at different temperatures.
	8.4.1
	JSI
	R
	PU
	44

	D 8.4
	Construction and qualification with beam of 10×10 cm2, 2 m long, prototypes
	8.4.2
	INFN
	DEM
	PU
	46

	D9.1
	Large-scale Pixel Anode
	9.2
	UNIMAN
	R
	PU
	M46

	D9.2
	Dual-phase Chimneys, LEMs, Digitization, CRPs
	9.3
	CNRS
	R
	PU
	M46

	D9.3
	R&D in LAr optical read-out
	9.3
	CIEMAT
	R
	PU
	M46

	D10.1
	Cooling Device Demonstrators
	10.2
	CSIC
	R/
DEM
	PU
	M46

	D10.2
	Hydraulic interconnection technologies
	10.3
	CNRS
	R
	PU
	M44

	D10.3
	Supercritical CO2 as a refrigerant
	10.4
	NTNU
	R
	PU
	M44

	D10.4
	Upgraded FSI
	10.5
	UOXF
	R
	PU
	M46

	D11.1
	MPW 28 nm
	11
	X
	DEM
	X
	24

	D11.2
	MPW 65/130 nm
	11
	X
	DEM
	X
	24

	D11.3
	Measurement reports
	11
	X
	R
	X
	42

	D12.1
	Turnkey Software Stack (Key4hep)
	12.2
	DESY
	OTHER
	PU
	M46

	D12.2
	Fast Shower Simulation in Geant4
	12.3
	CERN
	OTHER
	PU
	M46

	D12.3
	Acts tracking algorithms
	12.4
	CNRS
	OTHER
	PU
	M45

	D12.4
	PFA reconstruction algorithms
	12.5
	UNIWAR
	OTHER
	PU
	M45

	D13.1
	Summary Report of generic R&D projects and evaluation of the approach
	13.2
	CERN
	R
	PU
	M46



3.2 [bookmark: _Toc33607017]Management structure, milestones and procedures 
Table 7 List of milestones 	Comment by Sabrina El Yacoubi: The numbering will be updated when final version of milestones will be received
[bookmark: _Ref33396496]Table 7: List of milestones
	Milestone number
	Milestone name
	Related Work Package(s)
	Due date
	Means of verification

	MS1.1
	Consortium Agreement signed
	1.1
	M1
	Final version released

	MS1.2
	Open Innovation Coordination Group
	1.3
	M6
	Minutes and list of members

	MS1.3
	AIDAinnova Mid-term Review
	1.3
	M24
	Reviewer assessment report

	MS2.1
	Launching of project website
	2.1
	M1
	Website link

	MS2.2
	Young Scientist Publication Committee established
	2.2
	M15
	Written report and relevant web links

	MS2.3
	Academia Meets Industry Symposium
	2.3
	M24
	Written report and feedback form

	MS2.4
	Analysis of innovations needed in markets and technologies
	2.4
	M12
	Written report

	MS3.1
	Common readout boards designed
	3.5
	M24
	Prototype developed

	MS3.2
	Telescopes upgraded with ALPIDE sensor
	3.2

	M27

	New telescope in test-beam facilities


	MS3.3
	Monitoring software developed
	3.4
	M30
	Use in beam tests

	MS3.4
	Timepix4 timing layer in telescopes
	3.3
	M36
	Upgraded telescope in all beamlines

	MS4.1
	Upgrade the RBI-AF infrastructure for detector characterisation, SEE, micro hardness testing
	4.2
	M23
	Accelerator runs and comparisons with test samples

	MS4.2
	Define requirements, global architecture and design the extended data management system for ENEA-FNG and CERN-GIF++
	4.3
	M18
	Report

	MS4.3
	Extend IDM for ENEA-FNG, CERN-GIF++ and data communication with CAEN DigiWaste and CANBERRA Apex-Gamma Lab Platforms
	4.3
	M36
	Perform gamma measurements on tagged laboratory samples.

	MS4.4
	Test RFID tagging for irradiation facilities
	4.3
	M42
	Report, including measurements in different facilities 

	MS4.5
	Commission a complete TPA-TCT system
	4.4
	M23
	Report

	MS4.6
	Apply TF test bench to FEE prototypes
	4.5
	M23
	Report

	MS5.1
	High granularity prototype fabrication 1
	5.2
	12
	Devices available

	MS5.2
	High granularity prototype fabrication 2
	5.2
	36
	Devices available

	MS5.3
	Radiation hard prototype fabrication
	5.3
	24
	Devices available

	MS5.4
	Test beam of the radiation hard monolithic pixel 1

	5.3
	42
	Test beam with prototypes measured

	MS6.1
	Wafer layout
	6.2
	18
	Layout design file and report on the design choices, supported by simulations

	MS6.2
	Preliminary characterisation of 3D and LGAD prototypes.   Test set-up ready in the laboratories
	6.3
	24
	Preliminary characterisation on prototypes with the readout systems to be used with the final productions

	MS6.3
	Completion of planar sensor production for ACF
	6.4
	18
	Planar pixel sensor wafers delivered for interconnection tests

	MS6.4
	Availability of parts and definition of the technologies for wafer to wafer hybridization
	6.4
	18
	Wafers delivered to IZM and report on the technologies chosen for the interconnection

	MS7.1
	Production of DLC with Ion Beam Deposition and Pulsed Laser Deposition
	7.3
	M24
	Report

	MS7.2
	Identification of a gas mixture for neutrino physics in an optical TPC
	7.4
	M36
	Report

	MS7.3
	Build a 0.3 x 0.3 m2 prototype and the readout plane with the new structure
	7.2
	M36
	Prototype ready

	MS7.4
	Design electronics for cluster counting and production of a 4-channel prototype
	7
	M46
	Prototype ready

	MS8.1
	Test benches for testing detecting materials in pico- and sub picosecond domains.
	8.3
	M12
	Specs data sheet

	MS8.2
	Conceptual design and technical specifications of DAQ interfaces for highly granular electromagnetic and hadronic calorimeters
	8.2
	M15
	Report to StCom

	MS8.3
	Design and test of scintillating tiles or strips with large active area suitable for large area detectors.
	8.3
	M15
	Operational Testbenches

	MS8.4
	Definition of SiPM requirements and performance studies with simulations of different use cases.
	8.4
	M18
	Report to StCom

	MS8.5
	Design and simulation of LAr readout electrode
	8.2
	M23
	Report to StCom

	MS8.6
	Definition of the assembly method and of the ASIC specifications for a dual readout calorimeter.
	8.4
	M 23
	Report to StCom

	MS9.1
	Status Report on Chimneys
	9.3
	M22
	Report

	MS9.2
	Status Report on LEMs 
	9.3
	M23
	Report

	MS9.3
	Status Report on Digitization 
	9.3
	M33
	Report

	MS9.4
	Status Report on CRPs 
	9.3
	M23
	Report

	MS9.5
	Pixel optimization
	9.2
	M23
	Report

	MS9.6
	Large-Scale WLS surfaces and SiPMs Tested
	9.4
	M22
	Report

	MS10.1
	Combined work plan with objectives and test definition for all technologies
	10.2
	M11
	Report

	MS 10.2
	Work plan taking also into account the detailed programme announced in MS10.1
	10.3
	M12
	Report

	MS10.3
	Plan of investigation and prototyping for development of mirrorless FSI
	10.5
	M15
	Report

	MS10.4
	Mid-time report detailing the new experimental facility and results from the theoretical studies.
	10.4
	M22
	Report

	MS11.1
	Design review of 28 nm MPW
	11.2
	18
	report

	MS11.2
	design review of 65/130 nm run
	11.3
	18
	report

	MS12.1
	LC reconstruction prototype in Key4hep
	12.2
	M21
	Reproduce similar detector performance as achieved with the current framework

	MS12.2
	Prototype of ML based shower simulation
	12.3
	M22
	Runnable example code that simulates part of the showers with ML algorithms

	MS12.3
	Acts tracking algorithm prototypes
	12.4
	M23
	Runnable test cases which demonstrate algorithm functionality on benchmark data from TrackML

	MS12.4
	New PFA prototypes
	12.5
	M24
	Runnable test cases which demonstrate algorithm functionality on benchmark data

	MS13.1
	Generic R&D Projects selected
	13.1
	M8
	Results communicated and report submitted



Table 3.2b:	Critical risks for implementation 
Table 8: Critical risks for implementation
	Description of risk (indicate level of likelihood: Low/Medium/High)
	Work Package(s) involved
	Proposed risk-mitigation measures

	Change of management team member or WP Coordinator(s) during the project
	1
	[Likelihood: Medium; Impact: Low]
Anticipate potential staff changes in the project management and select suitable replacements as soon as possible.

	Unilateral withdraw of beneficiary (ies)
	1
	[Likelihood: Low; Impact: Medium]
Other beneficiaries take over the responsibility of the task(s) and/or new beneficiaries are included in the project e.g. from the pool of collaborating institutes. The net effect is some possible delay in the task(s) concerned.

	KT network is not successful
	2
	[Likelihood: Medium; Impact: Medium]
Instead of the KT network for AIDAinnova will use other existing network

	Development of next-generation CMOS sensors delayed.
	3
	[Likelihood: Low; Impact: Medium]
Close coordination with CMOS WP.  Use telescopes with ALPIDE upgrade. Mitigation measures unclear.

	Generic hardware or software tools not ready (on time or not ready at all?)
	3
	[Likelihood: Low; Impact: high]
Close monitoring of progress.  May need re-assignment of effort for quick bespoke solutions. OK

	No samples available to validate upgrades and new test benches.
	4
	[Likelihood: Low; Impact: high]
Keep some detector & electronics “spares” from AIDA-2020 and upgrades prototypes for validation of test benches and methods.

	Irradiation tests procedures cannot be standardized due to big differences among testing facilities.
	4
	[Likelihood: Medium; Impact: High]
Create standardization committee with members from each irradiation facility
Simplify testing procedures in each facility in order to identify common tasks. OK

	Poor radiation hardness of evaluated RFID tags.
	4
	[Likelihood: Medium; Impact: Medium]
Integrate the RFID tag in a sample holder designed to keeps the sensitive part of the tagging system in a lower radiation area but still connected to the sample. OK

	Delay in DMAPS submissions
	5
	[Likelihood: Medium; Impact: Medium]
The allocated time for the ASIC design and verification should be enough This is not a mitigation measure, if delays occur, some blocks can be simplified or omitted.


	Under performance of DMAPS devices
	5
	[Likelihood: Low; Impact: Medium]
If the fabricated devices do not perform according to specifications, then the second iteration of the fabrication cycle should address the issues. In the case of the radiation hard devices, structures with basic pixel layout could be used to understand the source of the limitations. OK

	Unavailability of read-out chips with few picosecond time resolution
	6
	[Likelihood: Low; Impact: Low]
Include test structures and sensors in the design that can be used with already existing ASICs and readout systems, for initial characterisation with coarser timing / spatial resolution OK

	Unavailability of appropriate parts for wafer to wafer bonding (wafers with dedicated surface, wafer size, design matching)
	6
	[Likelihood: Low; Impact: high]
Backup production of dummy wafers with metal layer only and connectivity test through daisy chains.

	Unforeseen technical barriers preventing the completion of one of the tasks concerning detector developments

	7
	[Likelihood: Medium; Impact: Medium]
The activities are all of a development type, therefore a limited risk of non-complete success is inherent. Nevertheless, through the involvement of and contributions from all the experts and partners present within the WP the risk will be minimized.

	Incomplete detector engineering 
	7
	[Likelihood: Low; Impact: Low]
The expertise present within the participating groups and the adequacy of available resources make this risk level low. It is further reduced by the constant monitoring of the activities by the WP coordinators. There is no mitigation measure indicated.

	Failure in effective coordination and dissemination 
	7
	[Likelihood: Low; Impact: high]
The experience of the WP coordinators in coordinating past scientific projects and their specific expertise in the field of gaseous detectors make this risk level low. There is no mitigation measure indicated.

	Limited availability of test beams may compromise commissioning and performance validation of infrastructure items
	8
	[Likelihood: Low; Impact: high]
Early planning of test beam campaigns, flexibility in the choice of the facility OK

	Risk of failing to meet requirements when transferring cutting edge technology from small prototypes to larger systems
	8
	[Likelihood: Low; Impact: Medium]
Identify critical steps and components of various procedures and prefer robustness over sophistication OK

	Layout changes enforced by decision of specific project may delay completion of prototypesDecision on projects during execution of project may impact layout of prototypes and demonstrators What exactly is the risk??
	8
	[Likelihood: Medium; Impact: Medium]
Modular design enabling a flexible reaction on a changing landscape, roadmap by project management in early stage of project.

	Delayed procurement of photodetectors
	9
	[Likelihood: Low; Impact: Medium]
Diversification of photodetectors vendors This is not a suitable mitigation measure since you cannot simply change your vendor in case of delay.

	Delayed procurement of LEMs/ CRP components
	9
	[Likelihood: Low; Impact: Medium]
Parallelization and diversification of tests and schedules This needs better explanation 

	Delayed procurement of pixels PCBs
	9
	[Likelihood: Low; Impact: Medium]
Monitoring of design process, diversification of procurement This is not a suitable mitigation measure since you cannot simply change your vendor in case of delay.

	Mirrorless version of FSI instrumentation unfeasible
	10
	[Likelihood: Low; Impact: Medium]
Concentrate on minimal size mirrors to improve applicability in small size structures. 

	???
	11
	

	ML methods are not guaranteed to be successful
	12
	[Likelihood: Low; Impact: Medium]
Depth of ML knowledge expertise in partners is very high, allowing many alternative approaches to be explored. Few tasks rely exclusively on ML and improved “classical” algorithms can be delivered as alternatives. OK

	Community abandons generic toolkit approaches
	12
	[Likelihood: Low; Impact: Medium]
Draw on consensus at labs and FAs that common approaches are the best way to deliver effective software within resource constraints. In the worst-case algorithms can still be developed and used as reference implementations. OK

	Insufficient number of suitable proposals
	13
	[Likelihood: Low; Impact: Medium]
Second call, with less time for project execution OK

	Facilities unavailable (facilities for what?)
	13
	[Likelihood: Low; Impact: Medium]
Explore alternative facilities and revise scope (of what?)



3.2.1 [bookmark: _Toc33607018]Management structure and procedures
Figure 7 shows a schematic layout of the AIDAinnova management structure, which is based on the experience and best practice from the management of EU projects of similar size and complexity, and in particular on the successful experience of H2020 AIDA-2020. The members of the Project Management Team and the Steering Committee will be approved by the Governing Board. 
	[image: ]
[bookmark: _Ref33104359]Figure 7: AIDAinnova Project Management Structure
Governing Board (GB)
The Governing Board is the top decision-making and arbitration body. It has one representative from each participant in the project. The GB has the authority to decide, upon Steering Committee proposals, on strategic issues, such as modifications of the project programme of work, and admission of new beneficiaries. The GB reviews the progress of the project at the annual AIDAinnova meetings, and, where necessary, decides on changes in the work plan and budget allocation for the next reporting period. The GB endorses the Management Team and the Work Package coordinators. In addition to the Annual Meetings, the GB Chairperson may call for intermediary teleconference meetings. The Chairperson of the GB is elected by its members.
Steering Committee (SC)
The SC is composed of the Scientific Coordinator, two Deputy Coordinators, the Administrative Coordinator, and all Work Package Coordinators. The SC reviews the work progress, milestones and deliverables across the AIDAinnova project, consolidates the reports received from the Work Package Coordinators and discusses technical and scientific matters. The SC brings strategic issues forward to the GB for consideration, e.g. possible modifications of the work programme or re-distribution of the EC funding among beneficiaries or Work Packages. The SC is chaired by the Scientific Coordinator, and will have regular meetings five times a year.
Scientific Coordinator (ScCo)
[bookmark: _Toc64114047]The Scientific Coordinator is responsible for the scientific management and overall follow-up and coordination of activities of the AIDAinnova project, and organises reviews when needed. The ScCo is in charge of the communication with the European Commission on all scientific and technical aspects of the project. The ScCo chairs and organises the Steering Committee meetings, and will be in charge of the preparation of the technical and management sections of the Periodic Reports to the EC. The SC leads the AIDAinnova management WP (WP1). The designated Scientific Coordinator of AIDAinnova is Dr. Felix Sefkow (DESY), who has performed this function in the H2020 AIDA-2020 project in an exemplary manner. He will be assisted by two Deputy Coordinators.
Administrative Coordinator (AC)
The AC is responsible for the administrative and contractual follow-up of the project, including budget control and cost reporting. The AC is in charge of financial issues, such as payments and distribution of EU funding received, collection of financial statements for the periodic reports and justification of costs. The AC will prepare the financial sections of the Periodic Reports to the EC. The AC maintains the communication with the European Commission on all administrative and contractual aspects of the project. 
Management Team
The Scientific Coordinator, the Deputy Coordinators and the Administrative Manager form a collegial Management Team in charge of the daily follow-up and management of the project. To this end, they are supported by the Project Support Office at CERN, which includes other staff (on a part-time basis), namely Administrative Assistants, Finance Officer, and Communication Officer. The Project Management Team meets on a regular basis to follow-up closely the implementation of the project. 
Work Package Coordinators
The WP Coordinators have the responsibility for ensuring the effective cooperation between the participants in each WP, for monitoring the progress of the tasks, and for reviewing the Milestone and Deliverable reports that are prepared by the Task Leaders within the respective WPs. As members of the SC they regularly report to the MT. They make the results of the WP available to the AIDAinnova collaboration, and are in charge of providing the relevant public dissemination material to Task 2.2 (Communication, dissemination and outreach) of WP2. They coordinate the review of all publications that will result from the work in their WP. 
Scientific Advisory Panel (SAP) 
The Scientific Advisory Panel is an external advisory body, whose members are proposed by the MT and nominated by the GB, based on their expertise in the activity areas of AIDAinnova. The SAP has the mandate to advise the GB on technical and strategic matters related to the scientific programme of the project. The SAP will provide an internal assessment to the Project Management as regards the status of the project on occasion of the Annual meetings. 
Decision-making mechanisms 
Prior to the start of the project the participants will formally conclude a Consortium Agreement that sets forth the terms and conditions pursuant to which they agree to function and cooperate in the performance of their respective tasks in the project. The Consortium Agreement will specify the responsibilities of the Coordinating Institution and the terms of reference of the GB and the SC, including the relevant decision-making mechanisms and voting procedures.
Decisions on the implementation of the work programme within the WPs will be taken by the WP Coordinators and Task Leaders. Issues concerning the overall work programme and interrelations between WPs will be discussed and decided by the SC. In the rare cases where modifications of the work programme and/or re-distribution of EC funding are deemed necessary by the SC, such matters will be brought forward to the GB for decision.  
The project implementation will be aimed at taking decisions by consensus on most issues. Where this is not possible, decisions will be taken after voting by the SC or the GB, with necessary majority depending on the character of the issue at stake.
The project will use appropriate IT tools, e.g. a collaborative workspace, to guarantee the timely distribution and availability of all project related information and documentation to the participants, so that decisions can be taken with all necessary information available in advance. 
	It is to be noted that the Coordinating Institute (CERN) has participated in over 150 FP7 and H2020 projects and coordinated successfully more than 50 EU projects. To this end the Organisation has a dedicated EU Projects Office, EU Finance Service, Knowledge Transfer group, and a legal advisor for EU Affairs. 
The history of particle physics has seen ever-larger projects that have been coordinated and completed successfully at major European facilities. For the needs of these projects major particle physics experiments have been constructed and operated by large collaborations. 
The organisational structures of these successful projects have served as a basis for the AIDAinnova management structure, aligned according to the successful experience of previous or ongoing EU projects of similar scale and complexity. With common scientific goals as a main driver, complemented by a well-defined management structure, democratic overall decision-making mechanism and professional administrative support, the AIDAinnova consortium is in a strong position to bring the project to successful completion.


[bookmark: _Toc33607019]3.2.3 Innovation Management
[bookmark: _Toc33607020]Innovation will ne managed through different means such as the KT network in AIDAinnova and also an extended network together with other pilots under the INFRA-INNOV-04 call. Technology transfer will mainly happen through the partnered industries in AIDAinnova. As they are directly involved in the development, the innovation of the industrial partners will be boosted and help them to expand on other markets. Academia meets industry events or other matchmaking events will be organised and evaluated. Topics of interest will be gathered during the 1st year of the project and events will be organised in the 2nd or 3rd year.
At the end of the project, value propositions of the main results per WP will be prepared and shared publicly on the AIDAinnova website.
3.3 Consortium as a whole 
The Consortium is composed of 47 beneficiaries from 19 European countries whose key expertise is summarised below. Figure 8 displays the involvement of the participants in the various Work Packages, showing the outstanding complementarity of the beneficiaries. Figure 9 displays instead the involvement of the participating institutes in the ongoing or future large HEP projects, thus demonstrating once more the very impressive expertise present in the consortium in all areas of detectors for accelerators. 
The core of the consortium relies on the largest European laboratories which have demonstrated their ability to play a key role in instrumentation for large detectors thanks to their dedicated infrastructures and highly qualified personnel. Smaller sized laboratories and Institutes, with a proven track record in detector instrumentation, are also included in the tasks where their world-leading expertise brings a specific added value to the project. Such an approach improves the chance of success of the project to achieve the scientific and technical objectives and to minimize the inherent risks. The consortium builds also on the great collaborative efforts pursued by the previous AIDA-2020 project. Given its success, basically all the participating institutes decided to continue to be part of the AIDAinnova consortium. Attracted by the important achievements on detector R&D obtained by AIDA-2020 many new institutes have joined the AIDAinnova consortium; this increases further the skills and complementarity of competences present in the consortium. Another significant difference with respect to AIDA-2020 is that in AIDAinnova there will be several industries which will participate from the very beginning to the co-development of new sensors, electronics and mechanics needed for the detectors of the future experiments. 
Many beneficiaries are also involved in other physics projects related to particle physics (astroparticle physics, cosmology, nuclear physics) or in more applied fields such as photon science, medical applications, etc. Therefore, AIDAinnova has the privileged position to be able to communicate its results to the HEP community at large and to neighbouring fields. The direct link with universities also enables two-way communication and the important involvement of university students. 
Consortium coordination  
The institutes participating in the WPs have been selected on the basis of their scientific background and competences to suit the tasks of the various WP programmes. Smaller institutes typically bring in specialised expertise and concentrate their work on one or two tasks while larger institutes are present in many tasks of different WPs, as shown in Figure 8. The tasks and the participants have been chosen by their scientific merit with respect to the challenges of the WP in order to meet in a coordinated and efficient manner the objectives of the project, and to give overall coherence to the Consortium and to the project implementation and execution. The figure also shows that each of the scientific WPs is carried by a broad effort of large and small institutes.[image: ]
[bookmark: _Ref33558313]Figure 8 Involvement of AIDAinnova participants in the different Work Packages
The Work Package Coordinators have been chosen according to their expertise and competence in the topics, with the main HEP projects well represented. Almost all Work Packages are led by two or three experienced coordinators from different laboratories or institutes. 
Key areas of expertise and consortium complementarity
All of the AIDAinnova beneficiaries have longstanding experience of collaborative work in European projects (EUDET, AIDA, AIDA-2020), as well as in large HEP projects. Table 4.1 in Section 4 lists their main expertise and project involvements, and an overview is depicted in Figure 9. They all belong to at least one of the four large LHC collaborations (ALICE, ATLAS, CMS or LHCb), in which they had an important role in the detector design, construction and commissioning and they are involved in R&D covering the three main detector types, namely solid-state detectors (pixel and inner tracker), gas detectors and calorimetry.  Most of them are members of worldwide R&D groups such as RD50[footnoteRef:24] (Radiation hard semiconductor devices for very high luminosity colliders), RD51[footnoteRef:25] (Development of micro-pattern gas detectors technologies, RD53[footnoteRef:26] (Development of pixel readout integrated circuits for extreme rate and radiation) and CALICE[footnoteRef:27] (highly granular calorimetry).  	Comment by Lucie Linssen: LHC is misspelled in the table below. Please add participation in R&D Collaborations also for CIEMAT, UIB and Nikhef..	Comment by Felix Sefkow: Refers to LHCb (row 3) [24:  http://rd50.web.cern.ch/rd50/ ]  [25:  http://rd51-public.web.cern.ch/rd51-public/ ]  [26:  http://rd53.web.cern.ch/RD53/ ]  [27:  https://twiki.cern.ch/twiki/bin/view/CALICE/WebHome ] 

The groups forming the AIDAinnova consortium have a demonstrated world-leading technical expertise on all areas of detectors for physics at particle accelerators. The expertise spans from solid state detectors, like silicon monolithic pixel and micro-strip detectors as well as hybrid silicon detectors, to gaseous detectors ranging from small-size high resolution detectors to very large drift chambers and high-pressure TPCs, to high-granularity to dual-readout calorimeters, to advanced ASICs for readout and triggering. The expertise continues in other key areas for innovative detectors, like machine-learning software algorithms for particle reconstruction in sophisticated detectors, or ultra-light mechanical structures providing support for detectors very close to the interaction regions, while minimising the material encountered by particles produced in the primary vertex. All this portfolio of technical expertise ensures that the ambitious objectives of AIDAinnova can be efficiently achieved. Big laboratories or national institutes obviously cover a broad spectrum, while smaller groups add special expertise.
[image: ]
[bookmark: _Ref33557820][bookmark: _Ref33557742]Figure 9 Involvement of AIDAinnova participants in HEP projects
Another very important asset of the consortium is the high level of technical complementarity of the participating institutes. A non-exhaustive list of the consortium complementarity in some key areas of expertise is summarised below:  

· CERN provides the highest energy beams in the world to test detector prototypes. While such an energy is needed for some detectors, other detectors can use lower energy as offered by DESY. At CERN, a dedicated infrastructure exists for calorimetry and future combined test beams, while DESY offers specific infrastructure for gas and silicon detectors with a solenoid, which has been upgraded by AIDA-2020 with an external reference silicon tracker. 
· The software community involved in the project receives contributions from both the LHC-experiments and the e+e- collider experts with both physicists and software engineers. 
· For microelectronics CNRS has a long experience in designing ASICs for calorimetry and gas detectors, while INFN and CERN have strong expertise in ASICS for trackers and gas detectors.
· In both the advanced pixel and novel high voltage and resistive CMOS sensors networking activities, the leading role has been assigned to key groups from ALICE, ATLAS,  CMS and Higgs factory R&D (CERN, CEA, CNRS, UBONN, DESY, IZM, CONPART, FBK, INFN, CSIC, IFAE, STFC, UNIOXF, UNILIV, OEAW, NIKHEF, UZH).
· For the JRA on Advanced gas detectors, the main experts in Europe of MPGDs and RPCs technologies are involved (INFN, CERN, CEA, CNRS, CIEMAT, RHUL) together with a few selected industries (ELTOS, PICOTECH, CAEN). 
· For the JRA on highly-granular calorimeter, the work on crystal and glass fibres (INFN, CERN, VU and FZU) is complemented by the semiconductor (Si-W) calorimeters, pursued by CERN, JGU, TAU, CNRS and DESY, in the framework of the longstanding CALICE collaboration, and the dual readout calorimetry (INFN, UOS, RBI and CAEN). 
Several Industries are actively involved as partners in the project; two Institutes (CNM and FBK) have both an academic and industry status. 
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3.4 [bookmark: _Toc33607021]Resources to be committed
The overall budget of AIDAinnova is 22.5 M€, including 10 M€ requested EC contribution and 12.5 M€ matching resources to be provided by the beneficiaries of the Consortium. The high level of matching resources (55% of the total costs budget) demonstrates the large scope and ambition of the project. 
The total estimated costs of the AIDAinnova beneficiaries, taking into account their matching resources, are shown in the table below.
Table 9 : Estimated AIDAinnova full costs budget, including the matching resources and EC contribution per beneficiary. 
Note: industrial beneficiaries are shown in green; RTOs are shown in orange.
[image: ]
The distribution of EC funding per country can be seen in , in percentage of 10 M€:
· The CERN EC funding is split between R&D activities (12%), management, communication & knowledge transfer (6%) and the Prospective R&D Fund (6%).
· France, Germany, Italy, Spain and UK host most of the large European detector infrastructures, and hence have the largest number of beneficiaries in the project and the largest share of EC funding. 
· The remainder of the EC funding is shared between several further countries such as Austria, Croatia, Czech Republic, Israel, Lithuania, Netherlands, Norway, Poland, Slovenia and Switzerland.
[image: ]
[bookmark: _Ref33610258][bookmark: _Ref33610227][image: ] Figure 10 : Distribution of EC funding among European countries.
About 12% or the requested EC contribution will be allocated to industrial partners and RTOs. This reflects the fact that, in contrast to the situation in, e.g., accelerator development, the full inclusion of companies in the collaborative framework is a novelty for the particle physics detector community, and the industrial partners have adopted the new scheme with measure. On the other hand, when put into perspective with the Proof-of-Concept fund of AIDA-2020, which was dedicated to co-innovation for societal applications and installed with 2% of the requested EC budget (of which only a fraction went to non-academic partners), the level of industrial involvement represents a significant step. The distribution by country of the funding to industry and RTOs is shown in Figure 11[bookmark: _Ref33610964]Figure 11 : EC funding per country for industrial partners & RTOs


Resources and EC funding for the project activities
Table 10 shows the AIDAinnova full costs budget per Work Package for the full duration of the project, including the corresponding person-months (PMs). 
[bookmark: _Ref33611270]Table 10 : Estimated AIDAinnova full costs budget, including the matching resources and EC contribution per Work Package. 
[image: ]
Eligible costs for reimbursement
The Rules for Participation in Horizon 2020 stipulate that the funding rate for Research and Innovation Actions (such as AIDAinnova) is in principle 100%, although it may be possible for some beneficiaries to request a lower funding rate. In order to follow this principle, and to simplify the financial reporting for the beneficiaries to the EC, and in case of audits, the Consortium will present in Annex 2 of the Grant Agreement (Estimated budget for the action) a reduced budget, which corresponds to the EC contribution of each beneficiary (see: Budget section, Part A). The remainder of the full estimated costs of the project are matching resources, which will be followed by the Project Management internally, but will not be declared to the EC at the time of the financial reporting. A notable exception are the beneficiaries AGH and CNRS, who need to include in Annex 2 their full costs, in order to receive the corresponding matching resources from their science ministry or national funding agency (AGH) or to follow their usual accounting practices (CNRS). 	Comment by Livia Lapadatescu: Need confirmation from AGH
Summary of staff effort
Table 11 shows the estimated staff effort in terms of person-months as follows: PMs funded by the action (EC column) and PMs provided in-kind by the AIDAinnova beneficiaries, which will be followed up by the Project Management internally.  
[bookmark: _Ref33611913]Table 11 : Summary of staff effort, including PMs funded by the EC and PMs provided in-kind by the AIDAinnova beneficiaries. 
[image: ]
“Other direct costs” items (travel, equipment, other goods and services)
Only CERN needs to provide the “other direct costs” justification table below, because the non-personnel costs are exceeding 15% of the personnel costs with respect to the Annex 2 budget. 
	1. CERN
	Cost (€)
	Justification

	Travel
	0 €
	No travel costs will be claimed to the EC

	Equipment
	0 €
	No equipment costs will be claimed to the EC

	Other goods and services
	505,000 €
	Cost of the Certificate on Financial Statement (5,000 €)
Prospective R&D Fund (500,000 €)

	Total
	505,000 €
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TasksDescription 1 2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132333435363738394041424344454647484950

WP1: Project Management and coordination 

1.1 Project management and coordination

1.2 Roadmap for European Detector R&D

1.3 Relations with the other Innovation Pilots 

WP2: Communication, Education and Innovation

2.1  Coordination

2.2 Communication, dissemination and outreach 

2.3 Careers of young detector scientists

2.4 Industrial relation and knowledge transfer

WP3: Test beam and DAQ infrastructure

3.1 Coordination and Communication

3.2 Upgrading the EUDET-style beam telescope infrastructure 

3.3 Sub-ns timing capabilities for the EUDET-style telescopes

3.4 Development of DAQ software for next generation beam tests 

3.5 Development of common DAQ hardware

WP4: Upgrade of Irradiation and Characterization Facilities

4.1 Coordination and Communication

4.2 Micro-beam Upgrade at RBI Accelerator Facility 

4.3

Common Tools for Irradiation Facilities Quality Control: Data 

Management, Traceability, Dosimetry and Activation Measurements

4.4

Design & Development of a new sensor characterization system based 

on TPA-TCT technique

4.5

Design & Development of new electronics characterization system for 

EMC control 

WP5: Depleted Monolithic Active Pixel Sensors

5.1 Coordination and Communication

5.2 Development of high granularity DMAPS  

5.3 Development of radiation hard DMAPS

WP6: Hybrid pixels sensors for 4D Tracking and Interconnection Technologies

6.1 Coordination and Communication

6.2 Simulation and processing of common 3D and LGAD sensor productions

6.3 Validation of common 3D and LGAD sensor productions

6.4

Development of interconnection technologies for future pixel 

detectors



Year 1  Year 2 Year 3 Year 4
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TasksDescription 1 2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132333435363738394041424344454647484950

WP7: Gaseous detectors for frontier science

7.1 Coordination and Communication

7.2

Multigap RPCs (MRPC) for fast timing and Eco-friendly gas mixtures for 

RPCs

7.3

Development of resistive electrodes for MPGDs and Industrial 

engineering of high-rate μ-RWELL detector

7.4

A 4-channel prototype electronic board for cluster counting and Hybrid 

readout high pressure gas TPC for neutrino physics

7.5 Photon detectors for hadron particle identification at high momenta

WP8: Calorimeters and Particle Identification detectors

8.1 Coordination and Communication

8.2 Towards next generation highly granular calorimeters

8.3 Innovative calorimeters with optical readout  

8.4

Innovative solid-state light sensors and highly-granular dual-readout 

fibre-sampling calorimetry 

WP9: Cryogenic neutrino detectors

9.1 Coordination and Communication

9.2 Pixel charge readout 

9.3 Dual-phase charge readout

9.4 Light readout 

WP10: Advanced mechanics for tracking and vertex detectors

10.1 Coordination and Communication

10.2 Engineering of optimized cooling substrates

10.3 Micro-connectivity

10.4 Supercritical CO2 as refrigerant 

10.5 Characterization of ultra-light structures

WP11: Advanced Micro-electronics

11.1 Coordination and Communication

11.2 Exploratory study of advanced CMOS (28 nm) 

11.3 Networking and ASICs for other WPs (65/130 nm)

WP12: Software

12.1 Coordination and Communication

12.2 Turnkey Software

12.3 Simulation

12.4 Track Reconstruction

12.5 Particle Flow Reconstruction

WP13: Prospective and Technology-driven Detector R&D

13.1 Coordination and Communication

13.2 Follow-up and Evaluation 
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Beneficiary 

no. 

Beneficiary

Person-

months

Personnel costs Travel

Equipment and 

consumables

Other direct costs Sub-contracting

Material direct 

costs

Total direct costs

EC requested 

funding (including 

overheads)

1 CERN 465.5 3,834,850.00 102,600.0 178,250.0 749,000.0 0.0 1,029,850.00 4,864,700.00 2,596,875.00

2 LIT 13.5 78,300.00 2,000.0 0.0 0.0 0.0 2,000.00 80,300.00 50,000.00

3 OEAW 24.0 141,600.00 3,000.0 0.0 0.0 0.0 3,000.00 144,600.00 50,000.00

4 RBI 76.7 168,800.00 4,000.0 66,000.0 25,000.0 0.0 95,000.00 263,800.00 87,500.00

5 CUNI 43.0 113,500.00 8,500.0 23,000.0 5,000.0 0.0 36,500.00 150,000.00 62,500.00

6 FZU 32.0 85,500.00 21,000.0 14,500.0 0.0 0.0 35,500.00 121,000.00 68,750.00

7 CEA 34.0 232,000.00 25,000.0 0.0 0.0 0.0 25,000.00 257,000.00 87,500.00

8 CNRS 406.0 2,627,138.67 163,000.0 78,000.0 0.0 0.0 241,000.00 2,868,138.67 1,067,187.50

9 Picotech 14.0 56,000.00 4,000.0 60,000.0 0.0 0.0 64,000.00 120,000.00 75,000.00

10 WEEROC 24.0 144,000.00 5,000.0 0.0 0.0 0.0 5,000.00 149,000.00 62,500.00

11 Workshape 5.0 77,280.00 1,000.0 0.0 0.0 0.0 1,000.00 78,280.00 50,000.00

12 DESY 277.5 1,715,800.00 54,000.0 139,000.0 0.0 0.0 193,000.00 1,908,800.00 798,437.50

13 Etalon 11.0 61,077.50 0.0 20,000.0 0.0 0.0 20,000.00 81,077.50 50,000.00

14 IZM 40.0 282,560.00 7,500.0 15,300.0 0.0 0.0 22,800.00 305,360.00 187,500.00

15 JGU 16.0 107,200.00 4,800.0 8,000.0 0.0 0.0 12,800.00 120,000.00 50,000.00

16 MPG-MPP 25.0 167,500.00 5,800.0 8,000.0 0.0 0.0 13,800.00 181,300.00 75,000.00

17 UHEI 26.0 160,550.00 5,000.0 17,000.0 0.0 0.0 22,000.00 182,550.00 62,500.00

18 UBONN 160.5 735,250.00 15,000.0 0.0 0.0 0.0 15,000.00 750,250.00 292,500.00

19 CAEN 53.0 227,900.00 12,400.0 22,000.0 0.0 0.0 34,400.00 262,300.00 162,500.00

20 ELTOS 12.0 72,000.00 7,000.0 50,000.0 13,500.0 0.0 70,500.00 142,500.00 87,500.00

21 FBK 23.4 154,440.00 20,220.0 9,000.0 157,000.0 0.0 186,220.00 340,660.00 218,750.00

22 INFN 563.0 2,815,000.00 144,000.0 160,600.0 70,000.0 0.0 374,600.00 3,189,600.00 1,345,000.00

23 TAU 12.0 80,400.00 10,000.0 20,000.0 5,000.0 5,000.0 40,000.00 120,400.00 50,000.00

24 VU 25.0 52,500.00 10,000.0 57,500.0 0.0 0.0 67,500.00 120,000.00 50,000.00

25 NWO-I/Nikhef 20.0 160,000.00 0.0 20,000.0 0.0 0.0 20,000.00 180,000.00 75,000.00

26 CONPART 7.0 81,900.00 0.0 0.0 0.0 0.0 0.00 81,900.00 50,000.00

27 NTNU 15.0 175,500.00 4,000.0 0.0 0.0 0.0 4,000.00 179,500.00 75,000.00

28 UiB 7.7 69,300.00 25,000.0 0.0 26,000.0 0.0 51,000.00 120,300.00 50,000.00

29 AGH 34.0 153,000.00 18,000.0 9,000.0 0.0 0.0 27,000.00 180,000.00 75,000.00

30 JSI 51.0 263,218.72 10,000.0 12,000.0 0.0 0.0 22,000.00 285,218.72 116,250.00

31 CIEMAT 28.5 121,695.00 44,000.0 0.0 12,000.0 0.0 56,000.00 177,695.00 75,000.00

32 CSIC 175.5 972,510.00 21,500.0 21,000.0 2,240.0 0.0 44,740.00 1,017,250.00 405,000.00

33 FYLA 19.0 66,500.00 4,000.0 30,000.0 0.0 0.0 34,000.00 100,500.00 62,500.00

34 IFAE 68.0 257,000.00 7,000.0 0.0 0.0 0.0 7,000.00 264,000.00 98,750.00

35 ITAINNOVA 28.0 140,000.00 14,000.0 10,000.0 0.0 0.0 24,000.00 164,000.00 67,500.00

36 USC 54.0 165,240.00 10,000.0 31,000.0 5,000.0 0.0 46,000.00 211,240.00 75,000.00

37 CSEM 12.5 119,437.50 2,000.0 0.0 0.0 0.0 2,000.00 121,437.50 50,000.00

38 SRS Technology 8.0 40,000.00 0.0 40,000.0 0.0 0.0 40,000.00 80,000.00 50,000.00

39 UNIBE 16.0 160,000.00 0.0 0.0 0.0 0.0 0.00 160,000.00 56,250.00

40 UZH 27.0 124,200.00 4,000.0 0.0 0.0 0.0 4,000.00 128,200.00 61,250.00

41 UNIVBRIS 22.0 143,000.00 4,000.0 9,000.0 0.0 0.0 13,000.00 156,000.00 62,500.00

42 UCL 43.0 328,950.00 8,000.0 9,000.0 0.0 0.0 17,000.00 345,950.00 130,000.00

43 UNIMAN 57.0 455,640.00 38,000.0 30,000.0 0.0 0.0 68,000.00 523,640.00 196,250.00

44 UOXF 96.5 541,541.25 14,000.0 2,000.0 0.0 0.0 16,000.00 557,541.25 207,500.00

45 RHUL 17.0 122,400.00 15,000.0 50,000.0 0.0 0.0 65,000.00 187,400.00 80,000.00

46 UOS 71.5 303,920.00 9,855.0 6,800.0 25,493.0 0.0 42,148.00 346,068.00 143,750.00

47 UWAR 23.5 136,300.00 0.0 0.0 0.0 0.0 0.00 136,300.00 50,000.00

3,283.8 19,292,398.63 887,175.00 1,225,950.00 1,095,233.00 5,000.00 3,213,358.00 22,505,756.63 10,000,000.00 Total
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Work 

package

Person-

months

Personnel costs Travel

Equipment and 

consumables

Other direct costs Sub-contracting

Material direct 

costs

Total direct costs

EC requested 

funding (including 

overheads)

WP1 48.0 526,800.00 48,000.00 0.00 150,000.00 0.00 198,000.00 724,800.00 402,500.00

WP2 53.0 458,500.00 16,000.00 0.00 74,000.00 0.00 90,000.00 548,500.00 292,500.00

WP3 292.0 2,003,900.00 39,000.00 422,550.00 12,100.00 0.00 473,650.00 2,477,550.00 1,000,000.00

WP4 222.0 1,237,600.00 48,500.00 101,000.00 47,000.00 0.00 196,500.00 1,434,100.00 610,000.00

WP5 417.0 2,241,600.00 52,000.00 0.00 0.00 0.00 52,000.00 2,293,600.00 928,750.00

WP6 435.5 2,347,716.00 31,960.00 25,300.00 125,000.00 0.00 182,260.00 2,529,976.00 1,185,000.00

WP7 410.5 1,912,485.00 148,000.00 293,800.00 110,740.00 0.00 552,540.00 2,465,025.00 1,091,250.00

WP8 373.8 1,895,240.00 161,060.00 238,500.00 72,300.00 5,000.00 476,860.00 2,372,100.00 1,065,000.00

WP9 137.0 1,136,860.00 183,000.00 30,000.00 0.00 0.00 213,000.00 1,349,860.00 428,750.00

WP10 224.5 1,627,286.42 35,000.00 20,000.00 0.00 0.00 55,000.00 1,682,286.42 685,000.00

WP11 322.5 1,786,600.00 98,000.00 94,800.00 0.00 0.00 192,800.00 1,979,400.00 810,000.00

WP12 342.0 2,071,048.50 18,655.00 0.00 4,093.00 0.00 22,748.00 2,093,796.50 866,250.00

WP13 6.0 46,762.72 8,000.00 0.00 500,000.00 0.00 508,000.00 554,762.72 635,000.00

Total 3,283.8 19,292,398.63 887,175.00 1,225,950.00 1,095,233.00 5,000.00 3,213,358.00 22,505,756.63 10,000,000.00
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EC in-kind EC in-kind EC in-kind EC in-kind EC in-kind EC in-kind EC in-kind EC in-kind EC in-kind EC in-kind EC in-kind EC in-kind EC in-kind EC in-kind

1 CERN 23.0 13.0 25.5 15.5 21.0 30.0 21.5 51.5 9.5 46.5 13.0 16.0 14.5 3.5 10.5 26.5 - - 3.5 42.5 - - 28.5 48.0 0.0 2.0 170.5 295.0

2 LIT - - - - - - - - - - - - - - - - - - 6.7 6.8 - - - - - - 6.7 6.8

3 OEAW - - - - - - - - 6.5 17.5 - - - - - - - - - - - - - - - - 6.5 17.5

4 RBI - - - - - - 22.0 32.0 - - - - - - 9.1 13.6 - - - - - - - - - - 31.1 45.6

5 CUNI - - - - - - - - - - - - 10.0 10.0 8.0 15.0 - - - - - - - - - - 18.0 25.0

6 FZU - - - - - - - - - - - - - - 17.0 15.0 - - - - - - - - - - 17.0 15.0

7 CEA - - - - - - - - 7.3 16.7 - - - - - - 2.5 7.5 - - - - - - - - 9.8 24.2

8 CNRS - - - - 2.5 9.5 2.7 5.3 25.0 57.0 3.3 6.7 12.5 26.5 13.0 20.0 8.0 26.0 13.0 25.5 25.0 51.0 24.5 49.0 - - 129.5 276.5

9 Picotech - - - - - - - - - - - - 14.0 0.0 - - - - - - - - - - - - 14.0 0.0

10 WEEROC - - - - - - - - - - - - - - - - - - - - 8.0 16.0 - - - - 8.0 16.0

11 Workshape - - - - - - - - - - - - - - - - - - 2.5 2.5 - - - - - - 2.5 2.5

12 DESY 3.0 9.0 8.0 4.0 40.0 65.5 - - - - 5.5 12.0 - - 7.5 14.5 - - - - 7.5 14.0 27.8 59.2 - - 99.2 178.3

13 Etalon - - - - - - - - - - - - - - - - - - 6.7 4.3 - - - - - - 6.7 4.3

14 IZM - - - - - - - - - - 20.0 20.0 - - - - - - - - - - - - - - 20.0 20.0

15 JGU - - - - - - - - - - - - - - 5.5 10.5 - - - - - - - - - - 5.5 10.5

16 MPG-MPP - - - - - - - - - - - - - - 5.5 10.5 - - 2.8 6.2 - - - - - - 8.3 16.7

17 UHEI - - - - - - - - - - - - - - - - - - - - 7.5 18.5 - - - - 7.5 18.5

18 UBONN - - - - - - - - 18.0 46.0 24.2 48.3 - - - - - - - - 8.0 16.0 - - - - 50.2 110.3

19 CAEN - - - - - - 11.0 9.0 - - - - 11.0 10.0 6.0 6.0 - - - - - - - - - - 28.0 25.0

20 ELTOS - - - - - - - - - - - - 11.0 1.0 - - - - - - - - - - - - 11.0 1.0

21 FBK - - - - - - - - - - 17.0 0.0 - - 6.4 0.0 - - - - - - - - - - 23.4 0.0

22 INFN - - - - - - 7.0 1.0 19.5 39.5 24.0 53.0 62.0 101.0 24.0 35.0 6.0 20.0 4.0 8.0 44.0 73.0 14.0 28.0 - - 204.5 358.5

23 TAU - - - - - - - - - - - - - - 4.8 7.2 - - - - - - - - - - 4.8 7.2

24 VU - - - - - - - - - - - - - - 18.0 7.0 - - - - - - - - - - 18.0 7.0

25 NWO-I/Nikhef - - - - 4.5 8.0 - - - - 2.5 5.0 - - - - - - - - - - - - - - 7.0 13.0

26 CONPART - - - - - - - - - - 3.4 3.6 - - - - - - - - - - - - - - 3.4 3.6

27 NTNU - - - - - - - - - - - - - - - - - - 5.0 10.0 - - - - - - 5.0 10.0

28 UiB - - - - - - - - - - - - - - 5.0 2.7 - - - - - - - - - - 5.0 2.7

29 AGH - - - - - - - - - - - - - - - - - - - - 12.0 22.0 - - - - 12.0 22.0

30 JSI - - - - - - - - - - 9.1 17.9 - - 7.0 13.0 - - - - - - - - 1.0 3.0 17.1 33.9

31 CIEMAT - - - - - - - - - - - - 4.1 6.4 - - 8.2 9.8 - - - - - - - - 12.3 16.2

32 CSIC - - - - 2.5 3.5 3.5 8.5 6.0 18.0 24.6 49.4 9.0 15.0 - - - - 11.0 24.5 - - - - - - 56.6 118.9

33 FYLA - - - - - - 13.0 6.0 - - - - - - - - - - - - - - - - - - 13.0 6.0

34 IFAE - - - - - - - - 10.0 28.0 10.0 20.0 - - - - - - - - - - - - - - 20.0 48.0

35 ITAINNOVA - - - - - - 10.0 18.0 - - - - - - - - - - - - - - - - - - 10.0 18.0

36 USC - - - - 3.0 3.0 - - - - - - 14.1 33.9 - - - - - - - - - - - - 17.1 36.9

37 CSEM - - - - - - - - - - - - - - - - - - 4.0 8.5 - - - - - - 4.0 8.5

38 SRS Technology - - - - 7.0 1.0 - - - - - - - - - - - - - - - - - - - - 7.0 1.0

39 UNIBE - - - - - - - - - - - - - - - - 4.5 11.5 - - - - - - - - 4.5 11.5

40 UZH - - - - - - - - - - 10.0 17.0 - - - - - - - - - - - - - - 10.0 17.0

41 UNIVBRIS - - - - 7.0 15.0 - - - - - - - - - - - - - - - - - - - - 7.0 15.0

42 UCL - - - - 12.5 30.5 - - - - - - - - - - - - - - - - - - - - 12.5 30.5

43 UNIMAN - - - - - - - - - - - - - - - - 11.0 22.0 - - - - 7.8 16.2 - - 18.8 38.2

44 UOXF - - - - - - - - 13.8 32.3 - - 5.6 18.4 - - - - 8.5 18.0 - - - - - - 27.8 68.7

45 RHUL - - - - - - - - - - - - 8.0 9.0 - - - - - - - - - - - - 8.0 9.0

46 UOS - - - - 9.0 17.0 - - - - - - - - 10.0 20.0 - - - - - - 5.5 10.0 - - 24.5 47.0

47 UWAR - - - - - - - - - - - - - - - - - - - - - - 6.9 16.6 - - 6.9 16.6

26.0 22.0 33.5 19.5 109.0 183.0 90.7 131.3 115.5 301.5 166.8 268.7 175.8 234.7 157.2 216.6 40.2 96.8 67.6 156.9 112.0 210.5 115.0 227.0 1.0 5.0 1,210.4 2,073.5

WP13 Total PM per  WP8 WP9 WP10 WP11 WP12 WP3 WP4 WP5 WP6 WP7

Total PM

No.  Beneficiary

WP1 WP2


