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	General conditions relating to this call

	Admissibility conditions
	- applications must include a plan for the exploitation and dissemination of results including communication activities
-  For calls with deadlines in 2022 and onwards, having a Gender Equality Plan (GEP) will be an eligibility criterion for all public bodies, higher education institutions and research organisations wishing to participate in Horizon Europe 
- page limits, and sections subject to limits, will be clearly shown in the application template in the Funding & Tenders Portal (when the submission will be opened, in January 2022). However unless provided otherwise the limit for a full application is 45 pages

	Eligibility conditions
	The following additional eligibility criteria apply to the call: consortia must include at least 3 different research infrastructures, each of them being an ESFRI infrastructure, and/or a European Research Infrastructures Consortium (ERIC) or another research infrastructure of European interest (i.e. a research infrastructure which is able to attract users from EU or associated countries other than the country where the infrastructure is located).

	Financial and operational capacity and exclusion
	The assessment of the operational capacity will be carried out during the evaluation of the award criterion “Quality and efficiency of the implementation”and it will be based on the competence and experience of the applicants and their project teams, including their operational resources (human, technical and other) or exceptionally, the measures proposed to obtain the necessary competence and expetience by the time the tasks are implemented)



Award Criteria.  If admissible and eligible, the proposal will be evaluated and ranked against the following award criteria (each criterion will be scored out of 5- the overall threshold (sume of the 3 individual scores) will be 10//evaluation scores will be awarded for the criteria, not for the different aspects listed below):

	Excellence
	Impact
	Quality and efficiency of the implementation

	Clarity and pertinence of the project’s objectives, and the extent to which the proposed work is ambitious and goes beyond the state of the art.
Soundness of the proposed methodology, including the underlying concepts, models, assumptions, inter-disciplinary approaches, appropriate consideration of the gender dimension in research and innovation content, and the quality of open science practices including sharing and management of research outputs and engagement of citizens civil society and end-users where appropriate.
	Credibility of the pathways to achieve the expected outcomes and impacts specified in the work programme, and the likely scale and significance of the contributions from the project.
Suitability and quality of the measures to maximize expected outcomes and impacts, as set out in the dissemination and exploitation plan, including communication activities.

	Quality and effectiveness of the work plan, assessment of risks, and appropriateness of the effort assigned to work packages, and the resources overall.
Capacity and role of each participant, and the extent to which the consortium as a whole brings together the necessary expertise.




AstroParticle Observatory and GEoscience Innovation Actions  -
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Abstract: The main objective of the AstroParticle Observatories and GEoscience Innovative Actions (APOGEIA) is to support the exchange of the currently blooming distributed and intelligent and/or quantum sensor technology and networks between Geoscience, Astroparticle Physics and Industry, increase the impact of these sensor networks to the climate change estimators, provide catastrophe alerts and last but not least increase the engagement of citizens into the endeavour. 
	APOGEIA brings together key national and regional research infrastructures, opening them up to academia and industry, ensuring their optimal use and joint development. In recent years, Earth and Astroparticle sciences have developed strong synergies based on common objects of study, instruments and approaches. The Geosphere, direct object of study of the Geosciences, also determines the sensitivity of Astroparticle observatories. A better understanding of the Geosphere improves their sensitivity, while astroparticle “messengers” (e.g. muons and neutrinos) increase the explorative capabilities of Geosciences, also offering infrastructures in extraordinary locations for combined studies (e.g. underground laboratories or deep sea observatories), beyond the State of the Art. Geosciences and Astroparticle both strive to improve the understanding of the Earth environment.  Both fields deal with large scale natural systems, deploy large sensor networks in sometimes extreme environments, use observations acquired over a large range of time scales, employ large data manipulation and worldwide networking, including the distribution of alerts. 
	APOGEIA convergence will be supported by a wide range of  Innovative Actions, including large fiber sensing network,  mobile sensing elements, arrays of cosmic ray detectors for muon radiography and environmental monitoring, underground techologies of low noise detection, creation of protected radiation environments, precise time distrubution, till quantum sensors.  The set of instruments, can serve for the multimodal characterisation of science infrastructures to the precise measurement of geo and atmosphering state and evolution in the context of sustainable development goals, in accordance with IYBSSD2022, the United Nations sponsored program of the international year of basic sciencescontributing  to sustaainable goals . 
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1.	Excellence
[bookmark: _Toc91919551]1.1	Objectives 
There are more things in Heaven and Earth, Horatio, 
than are dreamt of in your philosophy.
Hamlet, Shakespeare

The main objective of APOGEIA is the development of ground-breaking RI technologies, (large sensor networks deployable at extreme and hostile sites, underground technologies, extreme timing solutions,  and advanced digital solutions,coming from the development of leading ASTRO and GEO/ATMO  Research infrastructures; two domains developping interdisciplinary synergies the last 10 years,  paving the way to innovative solutions to societal challenges (e.g. climate change and catastrophe alert)  and new industrial applications, products and services. 
It proposes the development, and even the industrialisation of the most advanced advanced sensors, their deep networking, imaging networkss,   robots/automated solutions) and advanced digital solutions (e.g. digital twins, data analytics and AI tools, etc.) for RI upgrade and moniroring, enabling solutions for even for the most demanding scientific and societal challenges.
The proposal aims to contribute to the following impacts:
•	Enhanced global competitiveness and technological excellence of Europe in an extremely fast-moving environment through investments into the development, of forward-looking technical instruments and tools for European RIs.
•	Enhanced competitiveness of European industry through co-development with industrial actors of advanced RI technologies and technology transfer;
•	Opening up of new areas of research and development of new industrial applications/products;
•	Wider use of AI in research and enhanced data-based research across Europe. Development of skills of RI staff aligned with the advancements of the RI technologies;
· Transdisciplinarity, cross-fertilisation and a wider sharing of knowledge and technologies between academia, industry and society; in particular  between Earth and Astroparticle communities

It will support the recent but strong convergence between Geosciences and Astroparticle Physics, to bring together and  integrate on European scale key relevant national and regional research infrastructures  from both academia and industry, ensuring their optimal use and joint development. 
On the above topics it is important to note, that in the last years, there appeared many areas of natural synergy between Geosciences and Astroparticle Physics. Earth and Astroparticle sciences share a mutual scientific culture based on common objects of study, methods and approaches. First, the Geosphere, a direct object of study of Geoscientists, is both the target and the detecting medium for Astroparticle observatories. Second, Astroparticle Physicists and Geoscientists both deal with complex natural large scale systems, deploy large sensor networks, sometimes in extreme environments (sea, desert, underground, space), use long series of precise observations acquired over long time scales, use discovery instruments, develop models relying on the state-of-the-art in fundamental physics, chemistry, biology and computer sciences. They also use large infrastructures (such as fibre optic cables telecommunication networks and satellites), which allow for fast and massive data manipulation and worldwide networking, including distribution of alert. Both develop techniques of monitoring, new technologies (e.g., Industry 4.0)), new deep and machine learning tools. In particular, main synergies concern:
1. Imaging (gravimetric, seismic, acoustic, muon, neutrino);
2. Data collection in extreme environments;
3. New technological means for parameter monitoring;
4. Contribution to the understanding and forecasting of natural hazards.
	



	APOGEIA will further contribute to  a) the enhanced scientific competitiveness of European research infrastructures; b) foundations for the development of innovative companies; c) increase of the technological level of industries through the co-development of advanced technologies for research infrastructures and creation of potential new markets; d) integration of research infrastructures into local, regional and global innovation systems; e) enhance the potential of RIs to contribute addressing EU policy objectives and socio-economic challenges.It will adress in particular all following aspects:  q)Research and development of new scientific instrumentation, tools and methods for research infrastructures taking into due account resource efficiency (e.g. energy consumption) and environmental (including climate-related) impacts; b) their technology validation and prototyping; c) training of RI staff for the operation and use of these new solutions; d) the innovative potential for industrial exploitation of the solutions and/or for the benefits of the society.
[bookmark: _GoBack]	The consortium is built around a leading core of a) an ESFRI Rodamap infrastructure (KM3Net),  b) an ERIC (EMSO), c) several  world-class research infrastructure of European interest (EGO,LNGS, LSM, Bulby, Canfranc), with groups of 14 European countries participating and 10 industrial partners. Other technological partners, including industry and SMEs, should also be involved, thus promoting innovation and knowledge sharing through co-development of new technical solutions for the above research infrastructures. The  workpackages may include Pre-commercial procurement subcontracting activities as described in part H of the General Annexes of the Work Programme, using public procurements for the competitive development of new specific solutions, whilst opening market opportunities for industry and researchers active in Europe. By establishing the procurement process in consecutive phases, the PCP activity can support the development of competing designs, prototypes, and solution testing, ensuring that investment risks do not prevent tackling specific scientific and technological issues, allowing to approach a problem from different angles and to test different solutions.

. The aim of this proposal is to bring Earth and Astroparticle communities together at the European scale, sharing their knowledge on sensor technologies and data analysis methods, inluding low latency alerts for climate change events or cosmological signals, in order to exploit their data for testing ground, underground and ocean environments, and develop common computational models. We want to offer to European researchers, from both academia and industry, opportunities for joint technological development. The Geoscience Astroparticle and Industrial communities will get further integrated through a strong networking activity and exchange of information and data, and  will carry out focused joint research activities. In order to foster the creation of a European "multi-messenger" astro-geo platform, APOGEIA brings in activities that encompass gravitational wave, dark matter and neutrino underground or deep-sea observatories, with ground, underground and ocean Earth science observatories. The program will be  for instance very relevant for the deveopment of technologies of Advanced Virgo till the 3rd generation  Einstein Telescope (ET),  the future generation interferometer for gravitational wave detection, KM3NEt the deep sea neutrino telescope, new generation experiments of Underground Labs  and for the Krafla Magma Testbed (KMT), aiming at the creation of a fully innovative, unique major infrastructure allowing direct observation and monitoring of a shallow (2.1 km) magmatic body and the geothermal system surrounding it. APOGEIA fits timely in the exciting science and the cutting-edge technology that will be developed in the next years making them ripe for the benefit of the European society and help preparing for societal urgencies, and of the high-tech industrial market. 
Last but not least, the domain can be a very fertile ground of education, citizen’s engagement, and art and science actions. APOGEIA enjoys major contributions from the world-famous artist Tomas Saraceno, proposing to develop the sensor problematics to this of how  animals from mammiferes to the lowest level , to  and other artists.



APOGEIA will address the following key objectives:

I. Push the limits of current sensor technologies, develop the appropriate tools and strengthen the infrastructure needed for optimizing the scientific return of future Earth and Astroparticle facilities, such as adVirg, ET, Underground Laboratories, EMSO  and KMT. APOGEIA will focus on specific developments of technology, tools and techniques for these experiments. 
II. Integrate and coordinate national activities in Earth and Astroparticle physics at a much higher integrated level than it is presently available within Europe. APOGEIA involves 37 participants, of which 10 industries,  from 15 countries, including major European Research institutions in Earth and Cosmos research fields.  APOGEIA aims at bringing the two communities to an advanced level of integrationof their sensr networks by strongly focusing on networking, standardization cooperation and harmonization. Such effort of integration relies on the strong links already in place between these communities, as demonstrated by the recent developments in the respective fields.
III. Prepare the community to the scientific exploitation of the new facilities under development in Europe in Geoscience and Astroparticle physics by training the next generation of young researchers in the field.
IV. Combine knowledge of European scientists and leading European industrial partners by enabling technological transfer for the development of innovative technologies for the benefit of the European society and the high-tech industrial market.
V. Embed the European efforts in Multi-messenger Earth Science and Astroparticle Physics in a global context, including other regions of the world, as imposed by climate change and low latency distribution of alerts. 
VI. Provide a network of ground-based test facilities for developing, calibrating and testing relevant generic technologies. This network will ensure that European scientists, engineers and SMEs have optimized opportunities to access some of the most advanced infrastructures for testing of components and characterize and calibrate instruments, and new unforeseen approaches. 
VII. Ensure optimal scientific return from present and near future observation facilities in both Astroparticle and Geoscience fields (EGO/Virgo, KMT, KM3NeT, LNGS, LSM, LSBB, GEODYN/LSC, LSM, CANFRANC, BFO, CRL, PANGEA, KMT, Sardinia and Maastricht ET testing sites). APOGEIA will ease the access and the use of multimodal available data, develop new data analysis and theory tools specifically dedicated to optimize data exploitation. APOGEIA will also offer access to a network of computing research infrastructures in Geosciences and Astroparticle physics as well as virtual access to their data. Data access will be provided in particular to teams in Europe and Associated Countries, to further advance expertise in data analysis. 
VIII. Promote Geoscience and Astroparticle physics sensors in European Industry, create startups and also prepare other EUropean countries on the aforementionned topics. 
[bookmark: _Toc91919552]1.2	Relation to the work programme 

	The Group gathers key research infrastructures of European interest, i.e. infrastructures that are able to attract a significant number of users from countries different from the country where they are located. The proposing infrastructures in APOGEIA are operating into global networks covering many continents, and foster and use international standards. 
	They contribute to fostering the potential for innovation, including social innovation, of research infrastructures by reinforcing the partnership with industry, public administrations and/or other stakeholders, through e.g. transfer of knowledge and other dissemination activities, activities to promote the use of research infrastructures by industrial researchers or policy-makers, involvement of industrial associations and other stakeholders in consortia or in advisory bodies.
	They organise the efficient curation, preservation and provision of access to the data collected and produced under APOGEIA, defining a data management plan. This plan addresses data management procedures (including ethics and privacy issues), interoperability, as well as advanced data and computing services. The key research infrastructures build upon the state-of-the-art in ICT and e-infrastructures for data, computing and networking, and ensure connection to the European Open Science Cloud (e.g. ESCAPE and AHEAD2020 for Astroparticle Physics and EPOS for Geosciences). 
	The proposed network activities in APOGEIA include an ESFRI (KM3NEt) , an ERIC (EMSO)  and other world-class research infrastructures  (EGO, LNGS, LNGS, LSM,  KMT, CANFRANC,...) exploiting synergies, reflecting on sustainability, ensuring complementarity and coherence with the existing European Infrastructures landscape. 
	Last but not least, APOGEIA addresses a multidisciplinary scientific community, which can be served by the involved sets of research infrastructures.

The expected impacts of APOGEIA will be:

I. Innovation will be fostered through a reinforced partnership of the research infrastructures with industry.
II. Cross-disciplinary fertilisations and a wider sharing of information. The closer interactions between researchers active in and around the complementary an synergistic infrastructures will facilitate knowledge and technologies exchanges across fields and between academia and non-academic stakeholders, including industry.
III. Optimized management of the continuous flow of data. The integration of major scientific equipment or sets of instruments and of knowledge-based resources will help harmonizing data collected or produced by these facilities and resources. This will be ensured by knowledge transfer from academia to industry.
IV. Advanced research infrastructure services. Those services will enable leading-edge multidisciplinary research, made available to a wider user community.
V. Improved and harmonised services. The operators of the related infrastructures will develop synergies and complementary capabilities, leading toeconomies of scale and improved use of resources across Europe. ess duplication of services, common development and the optimisation of operations will be achieved
VI. Contribution to policy making. The integrated and harmonised access to resources at European level can facilitate the use beyond research and contribute to evidence-based policy making, e.g., environmental hazards and societal risks (e.g. climate change, earthquakes, volcanoes, magnetic storms).

	The ambitious scope of the call will be pursued with a coherent plan including facilities, networking activities and joint research projects. APOGEIA will integrate at European scale, key research infrastructures for ground, underground and ocean observatories of the Earth and the Cosmos, test and calibration of sensors and electronics for experiments; it will promote their coordinated use and provide optimized access to the users. The best facilities and expertise for data analysis (inclusive of related theoretical modelling) of Geoscience and Astroparticle observatories will be made available for the benefit of the communities, with a particular attention to countries with a less advanced experience in this domain.  
	Joint research activities  will focus on the improvement of selected critical technologies beyond the state-of-the-art, develop the technology and related data analysis of large multi-modal monitoring and characterisation networks in Geosciences and Astroparticle physics. The interconnected complex  infrastructure - networking - joint research activities, as devised in APOGEIA, will serve to establish strong connections between research institutes and industry to create the basis for a more rapid advancement of Geoscience and Astroparticle science instrumentation and cutting-edge sensor technology in Europe. It will enable the development of new technologies and the associated growth of the European technology market, as well as the creation of a new generation of researchers.
	
[bookmark: _Toc91919553]1.3 	Concept and methodology
[bookmark: _Toc91919554]	(a) Concept
On February, 11-12 2019 the European Alliance for Earth Sciences – GEO.8, the Astroparticle Physics European Consortium – APPEC and the Academia Europaea organized the Workshop on Observatory Synergies for Astroparticle Physics and Geoscience at the Institut de Physique du Globe de Paris (IPGP) (https://indico.in2p3.fr/event/18287/). More than 60 scientists and representatives of funding agencies and companies from 11 European countries gathered together. The aim was to discuss the scientific and technical overlapping topics of the two communities and to promote a common strategy for the future. It is also important to note that in the framework of the EU-funded ASPERA ERANET, precursor of APPEC, three workshops in the period 2011-2012  (From the Geosphere to the Cosmos, Paris Dec2010, https://indico.cern.ch/event/109104/; Underwater Science, Amsterdam   May2012, https://indico.cern.ch/event/165389/; Underground science, Durham Dec2012)  https://indico.cern.ch/event/199223/) had been prepared in order to address and develop synergies between astroparticle physicists and geoscientists. Furthermore, ASPERA and its successor APPEC had organised a series of meetings between research infrastructures andindustry (see e.g. https://www.appec.org/documents) 
At the Workshop of February 2019, many overlapping aspects concerning science, technology/methodology and societal impacts have been identified. Some of the highlights are mentioned in the following:
I. Methodologies developed in the context of gravitational wave research, e.g. for the monitoring of micro-seismic noise and/or stronger seismic incidents, can have applications ranging from Earthquake Early Warning systems to the monitoring and risk evaluation of large civil infrastructures. Inversely, geoscientific techniques and algorithms realized for subsoil mapping and assessment of the seismic noise have a return to gravitational wave environmental noise hunting issues.
II. The distribution through fiber optics of precise timing is often indispensable for precise measurements in Multi-Messenger Astrophysics (e.g., to measure the direction of cosmic sources with a network of sensors) or in geoscience networks. 
III. Cosmic-ray muons, are very promising to complement geophysical imaging techniques, such as gravimetry, in order to investigate underground structures, with many applications ranging from volcano monitoring to archaeology and underground structure prospection.
IV. Neutrinos covering a broad energy spectrum and detected by different astroparticle underground, underwater and under-ice observatories have the potential to provide additional precious information about the Earth’s mantle and core.
V. Ocean imaging is another example of measurements that geoscientists and deep ocean neutrino observatories commonly perform, e.g. through the deployment of acoustic sensors. They can give precious information on seismic activity as well as hints about biological formations and the behavior of deep ocean life. More generally, Astroparticle Physicists and Geoscientists can reveal with unprecedented detail the characteristics and the geological role of “deep-life” in Earth or ocean with underground or underwater facilities/instrumentation.
At the meeting, an overview of recent discoveries on life in the deep Earth attracted much attention and confirmed the needs of investigations in extreme environment. On the technical front, the innovations concerning large distributed seismic and gravimetry networks based on very new technologies represent an example of synergy with relevant impact on both Geosciences and Astroparticle. A common interest arose thus on the recent developments using optical fibers as distributed acoustic or strain sensors monitoring large areas as well as means of implementation of precise timing and synchronization.
In the discussion that a not-exhaustive list of synergies emerged, which gathered the interest of agencies and leading scientists, who decided to pursue and enhance the work along the following lines:
I. The sustainable institution of meetings to develop further common topics of synergy on technologies,  opening them to the global community and involving ESFRI and Other World Class (OWC) infrastructures from both fields.  
II. The coordination of future demands concerning computing and IT technology, already the subject of COST actions (e.g. COST CA17137 on Machine Learning in Geoscience and Gravitational Waves).
In order to realize ambitious collective projects, the APPEC, GEO.8, Academia Europeae representatives recommended summarizing the shared demands and aims in a technology and informatics roadmap for the upcoming years. The different funding agencies and organizations involved in APPEC, GEO.8, EGU and AGU – the European and American Geoscience Unions, could be then more easily engaged in joint activities involving the realization of large infrastructures.
We further illustrate the above let us present X exemplary cases: , The Gravitational Waves suite, The Undergraound Laboratories European NEtwork, The underwater Infrastructure KM3NEt, (please add you large infrastructure)  and the Krafla Magma Testbed facility.
	Astroparticle Physics and in particular Gravitational Waves. The first detection of a GW signal by the advanced LIGO (US) and Virgo (Europe) Collaborations in 2015 opened a new window on the Universe and allowed probing extreme phenomena driven by gravity. Furthermore, in 2017 the Advanced Virgo and LIGO interferometers detected a GW signal from the coalescence of two stellar mass black holes. The three antennas allowed a “triangulation” and therefore the identification of the region of the sky where the event occurred with unprecedented precision. This detection inaugurated the era of GW astronomy in a global context. Over 70 observatories around the world followed the neutron merger in all the parts of the electromagnetic spectrum ranging from high-energy photons, to the visible light and radio waves. The concomitant observation of the merger in electromagnetic (EM) and GW waves was thus named the inaugural event of multi-messenger astronomy. To better exploit these multi-messenger opportunities, an EM follow-up program has been developed by the LIGO and Virgo Collaboration, consisting in a number of collaborations with partners at various EM wavelengths. Likewise, neutrino and very high energy gamma-ray observatories are coming of age, with the present and next generation facilities (KM3NeT, IceCube, CTAO). After the data taking period named “O3”, which started in April 2019 and ended the 27th of March 2020, there has been on average one black hole merger alarm per week. A Japanese interferometer KAGRA has recently joined the network and is progressing in a fast pace, while LIGO-India is projected to join the network by 2025. The first GW detections were related to the merger of two massive black holes and two neutron stars (NS-NS). Further, mergers of the type neutron star-black holes (NS-BH) were also seen. Rotating neutron stars should produce a continuous and periodic GW signal. A supernova event can generate a short GW burst. Furthermore, a continuous stochastic background that should be due to the sum of many unresolved sources of cosmological origin is expected. The first objective of the LIGO/Virgo collaboration is the direct detection of all these sources. These searches have opened a new era where accurate tests of astrophysics, cosmology, nuclear and particle physics and, in perspective, theories of fundamental interactions (General Relativity, Quantum Mechanics) are possible. Fundamental science will be revolutionized through the development of new synergies among the above disciplines.  Furthermore in the coming years, Virgo and LIGO are developing interferometer upgrades, that will provide a factor of two improvement of sensitivity of the global network that approximately corresponds to an order of magnitude more sources. The upgraded Virgo interferometer will be named Advanced Virgo Plus or “AdV+”. The installation of AdV+ Phase-I will take place between may 2020 and the end of 2022 and will be immediately followed by O4 data taking. The installation of AdV+ Phase-II between  start of 2024 and mid 2025 and O5 data taking will last until 2027. Virgo Collaboration will also provide leading contribution to the proposal of the future European 3rd Generation Gravitational wave antenna, called the Einstein Telescope (which is now part of the ESFRI roadmap of 2021)  increase the detection frequency and the range of reach by two orders of magnitude. 
The current interferometer upgrades are a testing ground and de-risking factor of a number of technologies, including state-of-the-art vacuum and cryogenics technologies, quantum sensing, smart and resilient civil infrastructures, environmental noise monitoring, innovative solutions for computing and data analysis, distribution of low latency alerts among continents and new data harvesting methods.  The main noises relevant in the low frequency band, which are particularly interesting, from the point of view of APOGEIA, are seismic, and Newtonian noise.  The main synergy with Geosciences appears at this frequency range, since the main noise to a gravitational wave signal of cosmic origin comes from terrestrial seismic movements, atmospheric pressure variations, cloud passage, sea waves, acoustic and electromagnetic noise, anthropogenic movements (trucks, trains, windmills, helicopters, …).
Last but not least, the breakthrough discovery of gravitational waves on September 14, 2015 was made possible through synergy of techniques drawing from expertise in physics, mathematics, information science and computing. At present, there is a rapidly growing interest in Machine Learning (ML), Deep Learning (DL), classification problems, data mining and visualization and, in general, in the development of new techniques and algorithms for efficiently handling the complex and massive data sets, also coined "Big Data", across a broad range of disciplines, ranging from Social Sciences to Natural Sciences. The rapid increase in computing power at our disposal and the development of innovative techniques for the rapid analysis of data will be vital to the field of GW Astronomy, on specific topics such as control and feedback systems for next-generation detectors, noise removal, data analysis and data-conditioning tools.
One should note, in summary that the developments at low frequencies ahave a very rich synergy and valorization potential with and for Earth-Science (seismology, climate change) e.g. through distributed smart networks of sensors as well as state-of-the-art technology on quantum sensors.  The above make Gravitational Wave science and EGO, the coordinating institution of APOGEIA, an interdisciplinary and technological terrain of collaboration, with Geoscientists. This collaboration will inescapably increase in the path of realization of the Einstein Telescope (foreseen to start operations in the early thirties). There are also synergies with atmospheric and ecology scientists (e.g. measuring the impact of the increase of frequency and amplitude of waves to the sea-shore erosion) as well as data science experts, from low latency distribution of alerts, to state-of-the-art data analytics and deep learning techniques for data analysis. Similar and equally powerful arguments for the strong embedding of the Astroparticle observatories in the Geosphere can be developed, for deep sea and ice neutrino observatories as well as underground laboratories searching for dark matter. 

Geosciences and in particular  KMT. The history of the Krafla Magma Testbed (KMT) began in 2009, when the government-owned Icelandic company Landsvirkjun serendipitously hit rhyolite magma at ~900 °C at a depth of only 2100 m, while drilling inside the Krafla caldera in the frame of the ICDP (International Continental Scientific Deep Drilling Project) named IDDP-1 (Mortensen et al., 2014). This was one of the extremely few such encounters ever recorded, and by far the best documented and most investigated. Following the discovery of magma at such a modest depth, an international coalition of scientists and engineers has been assembled to establish a long-term natural laboratory, or ‘testbed’, to take full advantage of this important discovery — the Krafla Magma Testbed (KMT) (www.kmt.is). It is a shared belief that the developments and advance from KMT in its four pillars – fundamental science, geothermal energy, volcanic hazards, and technologies for extreme environments – are expected to be of the quality and magnitude such to usher in a new era of Earth Sciences, both basic and applied. KMT aims at creating a large international infrastructure in Earth Sciences where unique scientific observations and experiments and advanced research are complemented by industrial developments in the field of clean, renewable, highly efficient “near-magma” energy production systems and developments and testing of new technologies for extreme environments such as an intra-crustal magma body or the Venus surface. KMT is expected to provide unprecedented advancements in fundamental and applied geophysics: current projects and planned proposals in the context of KMT foresee a heavy concentration of advanced technologies including the most sensitive broad-band seismometers, relative and absolute gravimeters, optical fibers, electromagnetic and acoustic sensors, geochemical devices, etc.; the most sophisticated high-P high-T labs from the scientific and industrial sectors, and the most advanced computational centers to model the 4D coupled magma-rock-geothermal system dynamics; and involve a growing number of PhD and post-PhD projects across the fields of science, technology, and industry. As an example of unique opportunities offered by KMT, and one that is foreseen as a technological and scientific element under APOGEIA: the availability of tens of geothermal wells run by partner Landsvirkjun, some of them extending to km depths, about half of them currently not productive, and the expertise put together in this project allows us to experiment muon detection at depth and use it to image the overlying rock layers hosting geothermal circulation, and in perspective, the shallow and active magma chamber(s), providing a unique dynamic view for the first time directly inside intra-crustal magma and its associated geothermal system. 

[bookmark: _Toc91919555] (b) Methodology
The approach we propose to follow with APOGEIA is to focus the activities in the near- and longer-term synergies, paving the way to the future experiments, with existing observing infrastructures providing relevant data and de-risking future technological choices. Here the goal is to optimize the finalisation and/or upgrade of ythe proposed technologies , in view of their use in the RI and exploitation by traditaional or startup companies.  The focus is to enhance the integration of the community around a common technology trunk,  with the joint optimization of sensors, with common data access and exploitation. 
Timing is also very appropriate: with Advanced Virgo being operative for GW observations and upgrades while part of the community is preparing the third generation (ET), the future high-energy neutrino observatory (Km3NET)  being in operation and deployment and large scale experiments searching for dark matter and neutrino properties in underground laboratories, the control of environmental “noise” is a prerequisite for the increase of the sensitivity of these observatories. From the Geoscience side, data from seismic and gravimetric networks used for the monitoring and surveillance of hazardous geological processes (earthquakes, volcanic eruptions), once integrated with data from Astroparticle technologies will offer a unique opportunity for the development of new structural models of the Earth’s interior and innovative early warning systems for hazard assessment and risk reduction. In terms of the virtual access to research infrastructure, data sharing and inter-operability, the Geoscience community will also benefit from the links recently established in the frame of EPOS (European Plate Observing System) Research Infrastructure Consortium. The experiences gained in EPOS will thus be fully exploited for extending the paradigma of uniformization and usability to data and software tools from the Astroparticles community.  Also EMSO
APOGEIA will additionally offer the possibility for scientists to  compare technological and methodological developments carried out in JRAs. A networking activity, in coordination with industry, will offer forums for presenting and discussing the methods and results obtained in all JRAs thus providing a valuable feedback for improvements. The outreach activities will focus on APOGEIA science and technology topics. 
 In conclusion, APOGEIA is perfectly positioned in time and scope to successfully address unique opportunities for the Geoscience and Astroparticle physics RI technologies. We plan a broad set of activities in terms of networking and focused joint research and development. This is practically demonstrated by the high-level of integration already achieved, with several WP relevant to multidisciplinary activities (see in particular next section), already integrating therein the astro-geo-convergence.

[bookmark: _Toc91919556]1.4	Ambition
The ambitious objective of APOGEIA is to further enhance the integration of national efforts in Geosciences and Astroparticle physics at the European level, to keep the community at the cutting edge of science and technology, ensuring that observatories for Geosciences and Astroparticle physics are developed beyond the present state-of-the-art. The goal will be pursued with a coherent plan including networking activities and joint research projects. In line with the work program topic, APOGEIA will provide a strong integrated effort for Geoscience and Astroparticle activities: all Work Packages include multidisciplinary aspects. 
APOGEIA will thus integrate, on a European scale, ground, underground and ocean key research infrastructures, for the test and calibration of sensors, electronics, data analysis and access, promote their coordinated and optimized use. Access will be not limited to users in the field of astro-geo-convergence but will encompass a much broader community developing technologies relevant to the European industrial market and society, which require environmental tests under similar harsh conditions. We currently have 9 companies  as members of the consortium and one SME on arts. We expect an increased access of SMEs in exploiting the offered facilities (see section on impact). In a similar fashion, the best facilities and expertise for data analysis and theoretical modelling of Geoscience and Astroparticle observatories and their multidisciplinary convergence will be made available for the benefit of the astro-geo European community, with priority to users where national access to similar facilities is lacking. Joint research activities will focus on the improvement of selected critical technologies beyond the state-of-the-art and the development of tools and infrastructure for the benefit of both fields, development of tools and procedures for the best exploitation of existing facilities for Astroparticle and Geosciences and feasibility studies for future facilities. APOGEIA includes a public outreach and Art & Science workpackage to ensure that Geosciences and Astroparticle are well advertised at national, European and International level. Overall these integrated activities, incorporating with a strong multidisciplinary aspect, will ensure that the European aforementioned communities will stay at the forefront of this competitive research area.

In summary the key ideas of this proposal are  the interdisciplinarity Astro-GEO,  the networked global size measurements of climate  changes and fast catastrophe alert, promote all  the relevant technologies  close to maturity or in need of upgrade, key issue their industrialisation;  there are many multi-messenger complementarities; aplly coordinated new data analysis techniques and the increase of societal impact through Education/Citizen’s Science/art and Science


Networking Activities

The APOGEIA Networking Activities are designed to enhance the services provided by the participating research infrastructures and to foster a culture of cooperation between participants in the various activities of APOGEIA, with a specific focus on the liaison between multi-disciplinary activities related to geoscience, gravitational wave and astroparticle activities. Meetings with industry will be organized, that will bring together the multi-disciplinary community and promote links with other communities and industry. To achieve effectively the goals indicated above, APOGEIA implements: a) networking qctivities designed to have strong links with the Joint Research Activities (JRA), to ensure a stronger and more coherent integration of the various activities, b)a general networking activity  that encompasses broad astro-geo-convergence and multidisciplinary topics (workshops), and b)  a dedicated public outreach work package, including a strong Art & Science and education component aimed at strengthening ties between the APOGEIA communities themselves and with the general public, with school teachers, media, and funding agencies.  

· WP2 Coordination of Large Astroparticle and Geoscience Infrastructures technologies. The general goal of WP2  is to stimulate or enhance collaboration, capabilities, skills and performance among the scientific and technological groups in Europe involved, or willing to be involved, in Geoscience and Astroparticle physics. This goal will be achieved through the sponsorship of meetings, and workshops for senior and young scientists. Particular emphasis will be given to meetings that strengthen the link between the multidisciplinary community and prepare the technologies to observations with present and future facilities. Furthermore, it will support meetings and workshops related to several JRA activities, centred on multidisciplinary instrumentation. It will also organise a workshop on the improvement of alerts and data access, the exchange and common interpretation of experimental results, the theoretical background, interdisciplinary issues with other domains of fundamental physics, geoscience and atmospheric science, the enabling technologies and the main technical design elements of the next generation of relevant large infrastructures. The technical challenges shared in this process are the long term operation of underground facilities; low noise ventilation, safety, definition of criteria for site choice; vacuum and cryogenic technologies applied to large volumes, lasers, mirrors, quantum sensors, electronics, data acquisition, monitoring, computing and data policies. Among them, the interlinked sensor network monitoring and mitigating noise of the interferometers is at the avant-garde of  the technological front of “smart infrastructures”; the environmental studies can become a source of innovation in geological  and atmospheric matters  (early warnings, earth, cloud and sea monitoring). As already explained, these matters are in synergy with Geoscience infrastructures, e.g. KMT will be another theme of WP3.
· WP3 Engagement strategies, education, outreach, citizen's science, inclusion and art and science. This Work Package will inform and attract the general public, students and educators on the science and recent discoveries in this exciting emerging area on Geoscience and Astroparticle Physics. WPA3 will inspire young people to follow careers in both domains as well as in relevant technologies and promote the image of worldwide collaboration as a prerequisite for advancing science. In addition to dedicated web portals, we will use a very imaginative art and science program.  This WP is thus  divided in three tasks: 
· WP3.1 Education and Outreach
· WP3.2 Citizen Science and Inclusion  (e.g. for the blind)
· WP3.3  Art and Science
· WP4 Open access to data and low energy alerts.  APOGEIA will provide access to some of the best European facilities in the two key areas related to the ground, underground and ocean observatories for Astroparticle and Earth Sciences, data analysis, novel computational methodologies and open access for Astroparticle Physics and Geosciences, including a state of the art low latency alert system.  The facilities offered by APOGEIA represent the state-of-the-art in the field, covering a widespread range of energies and performances. General technologies that require test under similar conditions and that can have a significant impact on the European technological market will also be granted access to APOGEIA facilities.  With access to data analysis and computational, APOGEIA is aiming at opening access to state-of-the-art data analysis and modelling in high-energy and multidisciplinary astrophysics, including use of data tools, via tutorials and mentoring by experienced scientists in some of the best institutes in Europe. These facilities are currently only used in the context of existing collaborations. Through the support offered by APOGEIA they will become available to the full European community. Commission, strengthening scientific and technological exchanges among European teams.  The WP4 goal is to offer an European-based Astroparticle and Geoscience Open Science Centre (AGOSC) web site, associated to a data platform, providing access to large parts of observational data of involved infrastructures. We will open the AGOSC site, taking into account the advancement in the procedures and architecture gathered in the last years. User cases will be adopted to validate the data platform and indicate the opportunity offered by using data from both communities. The platform will be built to be usable also beyond APOGEIA, it will contain two tasks:
· WP4.1 Open access and advanced access and analysis algorithms
· WP4.2 Low latency alert distribution

WP5 Industrialisation and Sustainability (to be written)



The APOGEIA project is designed to provide an  ambitious set of Joint Research Activities with the goal of having a strong impact on the research and technological development of Geosciences and Astroparticle Physics in Europe and Associated Countries. Most of these activities will focus on advancing and improving collaboration of the two communities, collaborating closely on the preparation of the future strategic observing facilities in the field, advancing related critical technologies, data exploitation tools and infrastructure needs. APOGEIA will focus some of the JRA on improving the baseline performance of some of the critical technologies, which have a strategic impact on both fields. New routes for the development of new generation of detectors beyond the planned facilities are also part of these packages. All of these activities demand a joint European approach to be competitive and successful in an international scenario; they are extremely challenging, and cannot be tackled by any single nation alone. Some of the activities are exploiting and take advantage of the high level of integration achieved by the involved teams. In particular, there will be the following JRA work packages: 

WP6  Fiber and mobile sensors. This work package is based on the currently exploding technology of using fivbers as multi-sensor high sensitivity sensor networks.  It also contains the development of small mobile sensors able to form networks with a dynamical grid.   The tasks that will be included in the WP Are the following: 
· Task 6.1 Characterization and monitoring of current and next generation ground and underground infrastructure sites, as well extreme environments.  The partners propose to exploit both existing and new data to characterise the sites that host the gravitational wave detectors or can host new detectors in the future. Additional data will be retrieved by integrating existing seismological networks (INGV network from the Italian national earthquake monitoring program, KMT, ORFEUS (Observatories & Research Facilities for European Seismology) network, Corinth (an EMSO facility) and the PANGEA infrastructure under development in Greece), NORSAR? or INRIM? as well as new ones to be deployed in BFO. The partners will test various acquisition systems and use infrastructures available to APOGEIA for acquiring DAS data sets in these various extreme environments. In some studies, the geo-hazard assessment (faults, volcano and tsunami) will be compared to more traditional sensors.
· Task 6.2 A deployment of a fiber network  to measure seismic and newtonian noise of GW detectors. this task has many tasks in parallel,  deployment in a current GW site (EGO/Virgo), deployment in a very low noise site to test the sensitivities (BFO or KAmioka), augmentation of its TRL (methodology of deployment, thermal insulation, power and data issues) for a lunar deployment within the decade.
· Task 6.3 Undersea fibers Realization of the one hydrophone array with at least 10 optical fiber hydrophones to be operated for at least one year in the deep sea off the coast of Pylos, to: a) increase the technical readiness level (TRL) of a new fiber laser hydrophone technology; b) investigation underwater acoustics as a means of detection for extreme energetic neutrinos and establish a pathfinder for an acoustic neutrino telescope; c) explore the cross fertilisations between astroparticle physics and marine ecology, but also potential spin-offs in for instance underwater noise polution and marine conservation.
· Task 6.4  Fiber deployment for urban seismology, anthropic activity, site characteristics (Lyon)
· Task 6.5 Mobile sensor networks. The partners will design and test a mobile platform for various sensors able to include seismic and infrasound acoustic sensors. To design and test an autonomous  mobile platform for usage in environmental stdies and in graviatational wave detectrs. The sensor should be versatile and be able to carry varous sesnors – sesimic, environmental – temperature humidity etc, and be able to navigate in areas that can be hardly accessible otherwise. It is crucial to have precise timing and possibility of data transfer with very low latency.

WP7 Muon radiography, underground characterisation  and atmospheric monitoring. Muon Radiography concerns : a) geosciences, b) geotechnics, c) industrial applications, d) hardware solutions, e) computing & methods; f) extensions (e.g. to neutrino tomography); Volcanology & Geosciences. There are well established collaborations for muon imaging of volcanoes, which led to huge progress in the understanding of the internal structure and magma dynamics. One of these is the DIAPHANE, combining continuous muon measurements with seismic noise acquisitions and continuous gravity data to characterize the hydrothermal activity of La Soufrière de Guadeloupe volcano in France. The other is MURAVES, aiming at the imaging of Mt. Vesuvius in Italy, one of the most dangerous and scientifically interesting volcanoes in Europe. Italian volcanoes are well known key targets for muography, but they are not the only one. Secondary targets are the Soufrière of Guadeloupe (Lesser Antilles, France) and Sakurajima volcano in Japan. Although the distance of those volcanoes impedes the deployment of detectors by other teams, the teams already working on them will share their data such that they may be used for data analysis and methodology development.The Underground  characterization task will perform cosmic muon imaging for several objectives: 1. to extract density distribution from underground targets with an array of muon sensors in order to characterize underground dynamics; 2. to monitor underground civil works and also archaeology; 3. to understand the impact of cosmic rays (e.g. via extended air showers effects on the mirrors) in the next generation buried gravitational wave telescope Einstein. FinallyMuon radiography and Machine Learning. Analyse the data from the MURAVES experiment, applying for the first time ML to a muon radiography problem involving the imaging of a large target. Cosmic Rays and atmospheric moniroring: Use CR frequencies as an atmospheric probe (in association with portable lidars and other environmental sensors), including the monitoring of Ozone with CR. GEO3BCN-CSIC (Jordi Diaz) Monitoring solar magnetic storms using permanent and portable broad-band seismometers. Last years were published some contributions on that subject (3 new publications added). GFZ (Yuri Shprits) Development of the infrastructure for monitoring and now-casting particle environment in the near-Earth space. This effort is also directly relevant to climate and we can add the development of the infrastructure related to the precipitation of particles into the atmosphere where they affect the Ozone and climate. Installing a neutral monitor on a ship. That could help track GCRs and how they propagate through the atmosphere. We can of course look at other particles such as inner magnetospheric electrons, ions, etc. 

The WP includes the following tasks:  WP 6.1 Volcanoes Observatory (Italy, Iceland); WP6.2  Near-surface and Environmental Characterization for GW detectors; WP6.3 Underground Characterization.  Within those 3 sub-WPs share tasks on methods developments :a)  Integrated & Smart detectors; b) Multi-Detection Techniques (Cerenkov + Trackers + TPC etc); c) Analysis Methods including ML (Joined analysis etc); d) Simulation and Image Processing Techniques including ML (Digital Image Processing etc). The deliverables as products of each tasks (detector prototypes, reference methods) to be benchmarked on local infrastructures and deployed on key infrastructures. As general deliverables → reference muography document / reference tools

· Task 7.1 Volcanology & Geoscience. There are well established collaborations for muon imaging of volcanoes, which led to huge progress in the understanding of the internal structure and magma dynamics. One of these is the DIAPHANE, combining continuous muon measurements with seismic noise acquisitions and continuous gravity data to characterize the hydrothermal activity of La Soufrière de Guadeloupe volcano in France. The other is  MURAVES, aiming at the imaging of Mt. Vesuvius in Italy, one of the most dangerous and scientifically interesting volcanoes in Europe. Italian volcanoes are well known key targets for muography, but they are not the only one. Secondary targets are the Soufrière of Guadeloupe (Lesser Antilles, France) and Sakurajima volcano in Japan. Although the distance of those volcanoes impedes the deployment of detectors by other teams, the teams already working on them will share their data such that they may be used for data analysis and methodology development.
· Task 7.2 Underground targets and site characterization. This task will perform cosmic muon imaging for several objectives: 1. to extract density distribution from underground targets with an array of muon sensors in order to characterize underground dynamics; 2. to monitor underground civil works and also archaeology; 3. to understand the impact of cosmic rays (e.g. via extended air showers effects on the mirrors) in the next-generation, buried gravitational wave telescope Einstein. 
· Task 7.3 Atmospheric monitoring  with cosmic rays. This task will analyze detected muons by CR  to  measure atmospheric parameteres. Offer by Evgenides Foundation to provide globe navigating ships for deployment of CR detectors and other atmospheric instrurments.

See annex I for proposals.

WP8  Underground Science  (in preparation) 

WP9  Data analytics and Machine Learning (ML). This package focuses on (need a census of real interests) :
· .
· T9.1 Characterization Classification of noise and signals sources in seismic and infrasound sensors networks. will study the environment monitored by an infra-sound or seismic sensors network in order to identify and classify with ML techniques signal and noise sources and patterns appearing in the environment. 
· Task 9.2 Newtonian Noise and Deep Learning. It  will use ML to implement a method to cancel out the Newtotnian noise of a GW  interferometer by means of a suitable correction signal fed to the test masses actuators with Wiener filters optimization to follow the time evolution of the ambient noise.
· Task 9.3 Muon radiography and Machine Learning. T10.5  will analyse the data from the MURAVES experiment, applying for the first time ML to a muon radiography problem involving the imaging of a large target.
· Task 9.4 Early warning and Machine Learning. This task will develop ML tools for the rapid detection and classification of seismic signals. This will connect to the work on site selection on other  sites

WP10 Network Synchronisation and time distribution. This task will study how high-performance synchronization and syntonization methods could contribute to strengthen the detection capacities of interferometers, in Astrophysics observation and Geophysics experiments.  The benefit of the White Rabbit protocol to short or long-distance timing signal distribution will be estimated. 

WP11  Other Sensors at the Astro-Geo Interface. The following tasks will be addressed :
· T11.1 Gravimetry and Gradiometry sensors. This task will perform accurate gravity measurements with quasi-continuous atom gravimeter and study innovative quantum sensors for ultra-sensitive gravitational gradient measurements to be employed in Fundamental Physics tests and in the study of phenomena of interest in Earth Physics.  
· T11.2 Optical clock sensors.  Some of the partners have obtained pioneering results in chronometric geodesy with synthetic optical clock measurements and their contribution to the determination of the geopotential. This task will develop these measurements further.

	The relationship between the WPs needs to be developped.

The overall interrelation of the above workpackages is shown in the next graph. 

 
[image: ]
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[bookmark: _Toc91919558]2.1	Expected impacts 
One of the main goals of APOGEIA is to cluster the Astroparticle and Geoscience communities towards a pan-European, coordinated and structured approach to research and technological development. The expected impact includes the following main elements:
· The key originality and asset of APOGEIA is the integration of the activities of two large scientific communities, Astroparticle Physics and Geoscience, mature result of a long process of convergence around common scientific themes, instrumental technology development and data analysis tools. As is usual in interdisciplinary endeavours the main impact will be the enrichment of both scientific domains with new objects of study and will increase the thematic reach.
· From the scientific point of view, the APOGEIA activities will have a clear impact on the study of the multidisciplinary Earth and Universe by (a) improving the enabling technologies; (b) improving the data analysis techniques and optimizing the exploitation of present observational facilities and data sets in Europe and beyond. 
· Collected data from various infrastructures and tests performed during APOGEIA will be gathered in a data platform within a standardized format enabling simplified joint analyses. By creating an exchange data platform and enabling access to data and to the infrastructures providing them, it will be possible also for the large public to grasp the impact of the merging of the Astroparticle and Geoscience communities.
· The enhanced collaboration in APOGEIA will allow a strong link among proposing infrastructures and also with new ones with the goals of integrating them and enlarging the offered services. The activities will also continue to provide a direct link with observatories in other scientific domains, some of them represented by the already existing European Integrated Activities, e.g. ESCAPE, AHEAD2020.
· APOGEIA activities will include a large number of scientists and are designed to facilitate cross- disciplinary fertilizations and a wider sharing of knowledge and technologies between academia and industry. The current list of industrial involvement  will be increased by a long list of key SME’s already collaborating with the scientific and technical groups of APOGEIA. 
· Innovation will be strengthened through reinforced and enlarged partnership of research organisations with industry. The impact of these activities will significantly bring substantial benefits for society, namely in the areas of environmental studies, early warnings and societal risks.
· Another key asset of APOGEIA is a rich and original program of communication and engagement, with particular sensitivity to multisensory apprehension of reality increasing inclusion (e.g. the visually impaired) and extending to Art and Science actions, which not only will enhance communication effectiveness, but also have the potential to trigger new opportunities and become a source of new ideas. One expected impact is the increase of inclusion practices in society but also support and diffusion of critical thinking. 
· Particular care will be devoted in APOGEIA to the growth of a new generation of researchers. This will be achieved by acting at various levels
· The key deliverables of APOGEIA   have the ambition to largely impact the future Research Programme of European environment of both Astroparticle and Geoscience large infrastructures as well as the global scale observation networks.
· APOGEIA will contribute to evidence-based policy making, towards a sustainable planet, an general objective that the coronavirus crisis dramatically reminded to European Societies.  APOGEIA is strongly committed to make use of the synergy between Geosciences and Astroparticle physics to the benefit of monitoring the well-being of the Geosphere. 

Expected Impact of the Virtual Access.
Both gravitational wave community through the Gravitational Wave Open Science Centre (GWOSC) and the high-energy neutrino community through the neutrino SNEWS  deliver public alerts on their most interesting events, just as radio, X-ray and optical astronomers do. Following the GWOSC experience, integrating activities in the EC cloud through ESCAPE, but also exploring experiences of other starting communities in Geosciences such as the the European Plate Observation System (EPOS) and the European Marine Observation and Data Network (EMODnet), the open access science platform developed in APOGEIA  will allow access to astrophysical and geoscience data, respectively. 

Expected Impact of Networking Activities.
The Networking Activities will focus on improving connections between the participants and the Astroparticle/Geoscience communities at large. The APOGEIA workshops will continue to provide the opportunity for the interaction between Early Career Researchers, more experienced scientists and industry and help to strengthen a Europe-wide approach to research and collaboration.  Public outreach, engagement is a key element of APOGEIA. This will happen at several levels: 
· Starting June 2022, the United Nations will proclame the year 2022 (till June 2023)  International Year foe Basic Sciences contributions to Sustainable Goals (IYBSSD).  EGO and INFN  are members of the steering committee of the organising team, and the golas of this UN initiative fit perfectly well with the golas of APOGEIA, so many manifestations will be organised under th IYBSSD logo. 
· at the educational level by targeting high school students in order to enhance their interest in astronomy, but also citizen’s science activities in synergy with other EU-funded programs, coordinated by EGO, e.g. the program REINFORCE that promotes citizen’s science around large infrastructures (EGO, KM3net, CERN, muography) with special attention to multimodality of access and more generally inclusion;
· Communication with public through web communication, apps and virtual visits but also organization of small exhibitions, open days and production of visual and multimedia tools linking Science and Art.
· at the Art and Science level, by the formation of a working group of artist and scientists in view of the preparation of an exhibition on art and science, around the themes of APOGEIA (see relevan WP)

Expected Impact from Joint Research Activities.
The new community in formation around APOGEIA activities will have a strong impact by addressing several aspects of modern astro-geo-convergence, which can be essentially grouped in a few broad topics: 

1. Deployment of large sensor networks in extreme environments (sea,  underground, space), use long series of precise observations acquired over a large range of time scales; 
2. Large data manipulation and worldwide networking, including distribution of alerts. While APOGEIA does not address the medical or biological crisis introduced by the Corona virus, it is strongly committed to contribute to establish virtual access and work of the scientific community in the direction of the digital revolution we are witnessing. Concretely, this will happen through creating an exchange data platform, and enabling access to the data of the involved infrastructures, and connecting it to the European Open Science Cloud ( EOSC).
3. Enhancement of innovation (e.g. through new quantum sensors, new early warning systems or new “smart” technologies - Industry 4.0).
4. Enhancement of environmental understanding and means of addressing the societal issues, such as impact of climate change, natural hazards. 

[bookmark: _Toc91919559]2.2	Measures to maximise impact
[bookmark: _Toc91919560]a) Dissemination and exploitation of results 
	The dissemination of the APOGEIA results is fully implemented along the project life by a coordination of the development and outreach activities, with an operative scheme involving the participation to large meetings which involve researchers of both communities at large, other communities and industry, the general public, the students and their teachers, and the funding agencies. The results of activities (e.g. corresponding to milestones of the project) will be published as soon as they will become available on Open-Access specialised journals and the most important achievements will be advertised by press releases. Oral presentations, as well as publications or press releases centered on APOGEIA results will specify that the project has received EU research funding and will be required to specify support by APOGEIA and the European Commission. This requirement will be extended to teams and individuals selected for TA support.
	The dissemination of APOGEIA results will also be achieved by the participating scientists and engineers, who will present the project and its results at meetings on behalf of the APOGEIA participants. This will take fully into account the need to describe precisely, and with adequate detail, the innovation potential of the technology transfer studies performed inresearch activities, to a range of professionals including researchers from physical and social sciences, and eventually, complemented with information useful to financial and investment officers. In this respect the dissemination of the innovation potential of the technologies developed under APOGEIA will take advantage of the network of companies and industries that are connected with APOGEIA participating institutes. We plan to build up a directory of potentially interested companies and to disseminate our results by newsletters and dedicated meetings.
	The publication of results achieved by the teams participating in APOGEIA will be advertised to the full Consortium well in advance and, when requested, followed out internally before submission with modalities that will be specified in the Consortium Agreement. The scientific and technical papers, preprints and a selected amount of the data produced will be made available, free of charge and accessible on the internet using public repositories. For articles, we plan to use a renowned, world-class science subject repository (e.g. arXiv) allowing a reader to immediately read, download, and print a pre-publication. Moreover, a gold open access approach will be followed: e.g., publications of Science proceedings, immediately available online; or special issues of journals freely accessible on journal web-pages (e.g., EGU journals). In addition, an up-to-date repository of all APOGEIA related articles will be maintained and accessible on the main project web-page.
	Results of technology innovation studies will be properly advertised in other communities of researchers working e.g. in fundamental research (astrophysics, particle and nuclear physics), environmental and geological sciences as well as in the humanities and cultural domain. Moreover, the activities of research activities  will stimulate the production of new standards for data analysis, (cross)calibration, prompt dissemination of alerts and offer tools for advanced simulation. They will at the same time make available the knowledge/expertise of the specialists to a wider range of users. 
	The APOGEIA project will generate different types of data including: (a) interdisciplinary output of the test and calibration activities performed by the research activities; (b) archives with real or simulated data, and tools to analyse it: data of multi-platform observations of multidisciplinary events, simulated observations, models and analysis procedures etc. (c) activity reports; (d) videos and other multimedia objects. The maintenance of the above data will be guaranteed throughout the project life. The data described in (b) will be made available for access on the public internet. 
	The management of Intellectual Property Rights (IPRs) is an important issue, which will be addressed in detail in the Consortium Agreement to be signed between the parties and will be managed in accordance with international rules, in particular to determine the level of access that can be given to disseminate the results of industrial relevance. The Consortium Agreement (CA) will be based on the DESCA2020 model and will over the decision mechanism on ownership of IP, in particular to protect the foreground of the project that may have valuable industrial or commercial applications.
	The Project Office, in collaboration with the APOGEIA Executive Committee, will develop and maintain an IPR register. The register will serve as a database to decide on ownership of IP, and on patents. In particular, the principal is that IPR remain within the “releasing beneficiary”. In making use of APOGEIA, the default assumption will be that data they generate will be Open Access. Given the deliberate orientation to involve industrial partners, however, there may be cases where commercial considerations make this impossible and APOGEIA will draw up a special agreement to limit the availability of these data.
	Special attention is made on joint ownership of hardware prototypes developed in research activities. The matters related to joint ownership, final destination and availability for use of these prototypes by the partners will be described in detail in the CA. In particular, for joint ownership:
1) each of the joint owners shall be entitled to use their jointly owned results for non-commercial research activities on a royalty-free basis, and without requiring the prior consent of the other joint owner(s); any exception to this will be specified and described in the CA;
2) each of the joint owners shall be entitled to otherwise exploit the jointly owned results and to grant non-exclusive licenses to third parties (without any right to sub-license), upon advance notice and fair and reasonable compensation.
	Furthermore each participant may transfer ownership of its own results in accordance with rules stated in the Grant Agreement. The APOGEIA Executive Committee will regularly address the IPR issue when needed during its teleconferences and in-person meetings. The Consortium Board will be regularly kept informed of any IP issue that may require a decision.

[bookmark: _Toc91919561]b) Communication activities
	The APOGEIA project will engage the Geoscience and Astroparticle Physics joint community in a more structured approach; by setting up a Science Advisory Committee composed of researchers external to the APOGEIA community. We anticipate a membership that will comprise representatives of similar initiatives in the field of astrophysics, geophysics or more generally physics with particular attention to complementary programs such as GEO.8, Academia Europaea, APPEC and the Gravitational Wave International Committee (GWIC), aiming at establishing a strategic planning mechanism for many domains of European science. 
	General public, students and educators will be engaged in APOGEIA activities with the help of the dedicated outreach package, which includes several means to address that audience (press-releases, videos, a dedicated web-portal with several on-line educational resources, and dedicated APOGEIA material in existing Visitor Centers). Communication about the innovation potential of the technologies developed under APOGEIA will target industrial parties aiming at engaging potential partners for future spin-off. An initial list will include the network companies and industries that are connected with APOGEIA participating institutes, and will be increased and updated during the project.
	All members of APOGEIA will be involved in advertising and communicating the project aims and results will report to the Coordinator within their yearly or mid-term reports. If the Coordinator finds that a particular aspect of the communication needs to be improved, they will inform the beneficiary, jointly study a solution of the problem and implement appropriate correction measures.
[bookmark: _Toc91919562]3.	Implementation
[bookmark: _Toc91919563]3.1	Work plan — Work packages, deliverables
[bookmark: _Toc38270819][bookmark: _Toc91919564]3.1.1. Overall structure of the work plan
The project covers a broad range of topics and applications based on a common framework, constituted by the new technologies and scientific themes related to Geoscience and Astroparticle physics,. The APOGEIA project comprises a total of 11 work packages (WP).
	In order to build the infrastructure for exploitation of future missions, many of theresearch activities in APOGEIA are devoted to technology developments, which are in this context mostly oriented to multidisciplinary relevant instruments covering Geoscience and Astroparticle physics domains. To this aim, it is of crucial importance to build an innovative data analysis approach with tools and improved physical models, indeed necessary to take full advantage of the increased instrumental sensitivities. The exploitation of the current observational facilities is also a crucial aspect addressed in APOGEIA with a special eye on multidisciplinary topics. An extensive community networking will actually support the above-mentioned activities with open meetings and workshops. In addition, virtual access to data archives will allow for an efficient exploitation of data.
	The technologies developed and the associated physics and geophysics developed in the project will be usefully exploited for the benefit of society with high potential impact on cultural heritage, environmental studies and protection from catastrophic events of geological origin.
	Finally, a strong public outreach program will advertise the outcome of APOGEIA results, addressing the most fascinating themes to the general public (specifically towardsyoung public) through open days, schools and production of innovative material (educational, videos, multimedia, games etc.) culminating to an Art and Science exhibition.
APOGEIA activities will be organised as follows:
APOGEIA management
· WP1 will be devoted to the broad APOGEIA management. This will make use of three major membership groups: the Consortium Board constituted of the representatives of the all Legal entities participating to APOGEIA project; the Executive Committee constituted by the Project Team (Coordinator, Project Scientist, and Project Officer) and by the 11 WP leaders. A smaller management team will be created to support the executive committee. A committee representative of the broad community (Science Advisory Committee) will support the scientific quality of the work within APOGEIA by supplying expertise for the project review committees and providing the necessary link with scientists of other related astronomy fields.
Community networking
· WP2  will organise workshops, meetings to coordinate the technological developments of each of the remaining 9 workpackages.  
Engagement, Communication, Art and Science
· WP3  will provide the means to disseminate the most exciting and combined results from both Astrophysics/Geoscience fields to different types of public, organising on a regular basis initiative as exhibitions, schools at visitor centres and open days, with attention to inclusiveness and synergies with other domains (arts, humanities). It will also produce multimedia material to attract the general public (e.g. apps, videos, virtual visits). A particular emphasis will be given to an Art and Science program under the leadership of world-renowned artist sensitive to Art and Science issues, including environmental issues: Tomas Saraceno and his laboratory. 

Open Access to Scientific Data . 

· WP4 (TA1) will provide  access and tools of user support to the observatory public data. 

Industrialisation and Sustainability 
WP5 will organize the industrialisation and sustainability procedurs of all technological activities developped in WP6-11.
The first 5  transversal WPs are  shown in the next graph: 


Technology development
	The technology development presented  in detail in section 1.4, develop the interrelated activities, of sensor development and the joint deployment activities  for site characterisation and monitoring. It should be stressed here that the workpackages WP6-11 are also community building instrument, since Geoscientists and Astroparticle Physicists will work here hand in hand in the deployment of instruments and analysis of data from the different sites. Furthermore, the large number of industries and sartups involved in the process is a guarantee that the goals of the call will be obtained. The WP and the tasks asscociated are presented in the graph below: 
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The following two infographics illustrate further  the relationships between WPs:
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Table 3.1a: 	List of work packages

	Work package No
	Work Package Title
	Lead Participant No
	Lead Participant Short Name
	Person-Months
	Start Month
	End month

	WP1
	Management
	
	
	
	
	

	WP2
	Networking
	
	
	
	
	

	WP3
	Engagement,education,citizen science, art and science
	
	
	
	
	

	WP4
	Open  access to  data 
	
	
	
	
	

	WP5
	Industrialisation, Sustainability
	
	
	
	
	

	WP6
	Fiber networks and mobile sensors 
	
	
	
	
	

	WP7
	Muography and CR atmospheric monitoring
	
	
	
	
	

	WP8
	Underground Techonologies
	
	
	
	
	

	WP9
	Data analytics and Machine learning
	
	
	
	
	

	WP10
	Time Synchronisation
	
	
	
	
	

	WP11
	Quantum and other sensors
	
	
	
	
	

	Total person- months
	
	
	
	
	
	






Table 3.1b1: Work package description – WP1

	Work package number
	1
	Lead beneficiary
	EGO

	Work package title
	APOGEIA Management

	Participant number
	
	
	
	
	
	
	

	Short name of participant
	
	
	
	
	
	
	

	Person/months per participant:
	
	
	
	
	
	
	

	Start month
	1
	End month
	36



	Objectives The objective of the WP is the project management. It will ensure communication between WP leaders and participants, and the communication with the EC. It will provide control and distribution of the EC financing to the beneficiaries during the project, monitor activities and progress within the WPs, and ensure that the timeline of the deliverables and milestones is adhered to. Through its Project Office, it will provide support and expertise for issues related to contractual obligations, financial declarations and compliance with audit procedures. Furthermore, it will ensure the connection with the broad Astrophysics and Geoscience communities and a prompt and efficient dissemination of the results.



	Description of work.  APOGEIA is a large Consortium and its work plan is based on many articulated and complex developments, with dependencies among the different activities. Its scale and high ambition goals determine a specific organisation of management driven by a few top-level requirements: (a) all participants take active part in the decision processes; (b) timely and efficient coordination of tasks; (c) rigorous financial management at coordinator’s and local sites and (d) efficient internal and external communication. The coordinator role, the management bodies of APOGEIA and the supporting committees are described below. 
The management will be carried out following a set of coordinated activities under the supervision of the Project Office at EGO. The overall Management structure will comprise three complementary structures: the Consortium Board, the Project Office and the APOGEIA Executive Committee (AEC).

Task 1.1 Project Coordination (EGO, coordinator Stavros Katsanevas)
The coordinator will elaborate and maintain the following items, with contributions from the partners:
(a) Management Plan, indicating the project organization and procedures; (b) Consortium Agreement; (c) Implementation Plan, describing the work planning, partners in charge, schedules and deliverables; (d) Risk Identification and Mitigation Plan; (e) The Plan for the Dissemination and Exploitation of Results, (g) IPR register.
The coordinator will: (a) Report to the European Community (EC), including yearly written report collecting the reports from each WP coordinators, as requested by the Grant Agreement; ensure communication between partners, provide them with necessary information and organize meetings with the EC according to the grant agreement; (b) Organize the Consortium Board and Science Advisory Committee meetings and prepare the minutes; (c) Support the beneficiaries for the overall legal, ethical, financial and administrative issues; (d) organise and monitor the technical work needed to achieve the project objectives and results; (e) request and review documents or information required by the EC and verify they are complete and correct before submitting them to the EC; (f) prepare and submit the periodic reports to the EC, with contributions from the WP leaders; (g) be in charge of organizing the periodic reviews with the EC; (h) manage the innovation process, gathering and synthetizing all information on innovation within the project and the relevant actions to be undertaken, taking into account input from the advisory committee if necessary (i) evaluate key performance indicators (KPI) established by the consortium throughout the project lifetime and analyse them to better assess project implementation, progress and impact.

Task 1.2 Strategic management (EGO, representatives of partners, chair to be elected)
A Consortium Board (CB), chaired by the Coordinator, will be constituted of representatives from all legal entities participating in APOGEIA and will deal with strategic decisions and with the oversight of the APOGEIA project. The Board will meet at least three times in person during the project and use teleconferences as needed. At the start of the project a kick-off meeting will take place, in which the financial distribution will be confirmed, and Work Package leaders and members of the Review Panel Committee for TA will be formally appointed.

Task 1.3 Project execution and reporting (EGO, all WP leaders, Project Scientist to be elected)
The APOGEIA Executive Committee (AEC) is chaired by the Project Scientist (PS) and consists of all WP leaders, the Coordinator and the Project Officer. The main task of this group is to perform the day-to-day execution of the project activities and to assist the Coordinator for the periodic reporting and the EC reviews. The Committee will be responsible to elaborate strategic decisions, to be further proposed to the Consortium Board for endorsement. The AEC is expected to meet in person at least 3 times during the project life, and by periodic bi-monthly teleconferences. It will be supported by the APOGEIA Management Team as described below.

Task 1.4 Set up and operation of the Project Office (EGO, Project Officer Francesca Spagnuolo)
The Project Office will carry out the day-to-day activities for the project management in coordination with the other managing bodies of APOGEIA. Furthermore, the Office will be responsible for the distribution of the AEC funds to the beneficiaries and for the compilation of the financial and technical reports for the EC.
The Project Office activities are carried out by the Coordinator, the Project Scientist (PS), and the APOGEIA Project Officer (PO), supported by a financial assistant. The PO will maintain the oversight of all project activities checking the timeliness of deliverables and achievement of milestones and participating to the WP meetings as needed. She will also manage the technical reporting, provide the minutes of the main project meetings, maintain and distribute a list of open actions arising from these meetings and from the periodic teleconferences with members of the APOGEIA managing bodies. The Office will further provide support for the APOGEIA management and Consortium meetings. Moreover, the Project Coordinator and Project Scientist will represent APOGEIA at scientific meetings and conferences.

Task 1.5 Science Advisory Committee (Members of Astroparticle and Geoscience Community outside APOGEIA)
We will establish a Science Advisory Committee. It will consist of a maximum of 8 representatives of outstanding profile from the Astrophysical and Geoscience communities at large, including members of other Astroparticle and Geoscience related EU activities (e.g. APPEC, GEO8, Academia Europaea), and with an equal share of gender representation. The role of this Committee will be to provide a strong connection between the APOGEIA Consortium and the wider Astrophysical and Geoscience community. It will also serve as advisor to the Coordinator and to the members of the APOGEIA Management Team. They will meet in person three times during the APOGEIA project, simultaneously to the APOGEIA Executive Committee meetings. 

Budget WP1. The management costs foresee 3 FTE years for the support plus travels of the APOGEIA Project Officer. The total AEC requested amount for the Project Officer (3 FTE-year) are 237,6 k€ of personnel costs. 



Deliverables 
D1.1 SAC members list (M2)
D1.2 Minutes for the KO meetings (M2)
D1.3 Quality assurance procedures (M3)
D1.4 Minutes of the AEC and CB meetings during the first year (M12)
D1.5 Minutes of the AEC and CB meetings prior to mid-term review (M24)
D1.6 Minutes of the AEC and CB meetings prior to final report (M36)
Milestones
1.1. APOGEIA Kick-off meeting (1)
1.2. 1st APOGEIA review meeting (12)
1.3. 2nd APOGEIA review meeting (24)
1.4. Final APOGEIA review meeting (36)
1.5. Appointment of th Review Panel Committee for TA (1)
	
	

	
	


Table 3.1b2: Work package description – WP2

	Work package number
	2
	Lead beneficiary
	

	Work package title
	Networking 

	Participant number
	
	
	
	
	
	

	Short name of participant
	
	
	
	
	
	

	Person months per participant
	
	
	
	
	
	

	Start month
	1
	End month
	36



	Objectives. The main objective of WP2 is to ensure the integration of the Astroparticle and Geoscience communities into a coherently-acting, multidisciplinary consortium. To achieve this goal we will focus on the following specific aims:.
1) Define and support enabling technologies and infrastructures for the instruments pertinent to both communities.
2) Support the interoperability of and access to scientific data.
3) Support the exchange and common interpretation of experimental results.
4) Stimulate collaborations, combined skills and performances among the two communities.
5) Prepare the communities for the successful exploitation of the large infrastructures of the next decade.



	Description of work. WP2 will foster and coordinate exchanges among the Astroparticle and Geoscience communities, and the different infrastructures. It will also disseminate the conclusions and outcomes of these exchanges. Networking will be encouraged by providing sponsorship of meetings and workshops, and creating a website to coordinate and communicate the networking activities, scientific discussions, and their outcomes. WP2 will provide, as well, training for young scientists on the usefulness of interdisciplinary research, which will benefit both communities. Because of its crucial role to establish connections and communication among APOGEIA partners, WP2 will be closely articulated with all the other WPs. 
Some of the key scientific questions to be discussed in workshops and meetings include:
1. Promote the R&D for advanced sensors serving the increase of sensitivity of instrumentation of both communities.
2. Promote the organisation of large networks of sensors, again a key ingredient for research objectives of both community research.
3. Promote the multi-modal characterisation and monitoring of key geological sites (magmas, volcanoes, deep sea, underground sites) and eventual localisation of next generation infrastructures of both communities.
4. Define the enabling technologies and the main technical design elements of the next generation of relevant large infrastructures 
5. Organise information exchange regarding practices on transversal issues as safety, energy autonomy, links for data transmission, relationships and outreach to local authorities, etc.
6. Define best practices concerning interoperability, exchange of data and sharing in a multi-messenger/multi-modal type of analysis.
7. Define and support a common policy on the issues of low latency alerts, data interoperability sharing and analysis.
8. Set-up a common approach to large-scale computing issues and access to computing infrastructures. 
9. Promote links among interdisciplinary communities at the national and European level. 
10. 
Task 2.1 The APOGEIA Meetings and Workshops (XXX, coordinatorXXX)
This task will support the organization of small or midsize, topic-oriented meetings relevant to the objectives, namely to foster the links between a) the Astroparticle and Geosciences communities and b) the current and future Astro-Geo infrastructures. We plan to organise 3 in person and 3  teleconference meetings. Examples of proposed workshops and meetings are shown below:
1. Workshop on characterising noise sources. This is a clear example of a single topic of research benefiting both communities. On the one hand we aim at better understanding the Earth System by reducing the impact of noise sources, on the other hand, characterising noise sources will be crucial for the next generation of Astroparticle Physics Infrastructures.
2. Meeting of European Underground Laboratories: In LNGS promoting the dialogue with the underground laboratories and international infrastructures with the scope to develop a roadmap towards a full alignment of standards, opportunities for economies of scale, further development of the open access policies and sustainable collaboration at global level towards a global optimization of effort and maximum scientific output. 
3. Workshop on Best Practice in Muon Tomography  to maximize scientific return for Geoscience and Astrophysics communities. Best practices will be defined in terms of 1) numerical codes used for flux computation; 2) instrument calibration and metadata recorded during experiment; 3) Data processing and storage. Main deliverables: An established common procedure and standard data formats useful to both communities. These standards are mandatory to convince all communities and should cover the full field, from direct problem (simulation, MC techniques) to inverse problem (2D/3D density maps).
4. Workshop on Integration of clock network service ( https://www.clonets.eu/)
5. Workshop on exploring habitability using astroparticles. Water radiolysis occurring in rocks containing radioactive compounds is responsible for a significant portion of natural molecular hydrogen (H2) production on Earth (several 1011 moles of H2 per year). H2 is the key driver for the development and sustenance of the deep biosphere, the rock-powered life, living under severe energy limitations, far away from photosynthetically derived organic matter and oxygen. This rock-hosted deep biosphere harbours the majority of bacteria and archaea on Earth and constitutes an appealing model for the emergence of life on our planet. Defining and assessing (astro)particles-related proxies to track down radiolysis-derived H2 production at depth may help refining remotely our understanding of planet habitability, natural H2 fluxes and the associated biomass reliant on the geosphere for energy supply these fluxes can sustain. This is still an exploratory field where networking is crucial to foster new interdisciplinary collaborations.
 Other possibilities will be also discussed in the SAC and the AEC.
Budget WP2 
Task 2.1: 60 k€. For a small sized topic-oriented meeting of 40 participants, we estimate an average total cost of 16 k€. This includes organizational support, local services and travel/subsistence costs for researchers (specially Early Carreer Scientists) to attend the aforementioned meetings.
Total Budget for WP 2: 60 k€ (including overheads) 




	Deliverables 
D2.1 First year meetings report (M12)
D2.2 Second year meetings report (M24)
D2.3 Third year meeting report (M36)



	Critical risks for implementation. The main risk of this program can be the continuation of the virus crisis. Nonetheless, this risk in mitigated by the fact that remote participation to APOGEIA meetings will always be guaranteed.





Table 3.1b3: Work package description – WP3 

	Work package number
	WP3
	Lead beneficiary
	

	Work package title
	Engagement strategies, education, citizen's science, art and science
	

	Participant number
	
	
	
	
	
	
	
	

	Short name of participant
	
	
	
	
	
	
	
	

	Persons/months per participant
	
	
	
	
	
	
	
	

	Start month
	1
	End month
	36
	



	Objectives 
The discovery of gravitational waves and, in particular, the revolutionary discovery of a neutron-star merger in August 2017, has ushered astrophysics and cosmology into what is called the Multi-Messenger Era. In parallel the Geoscience observatories, use more and more a “multi-modal” method, the association of different probes to understand the earth’s interior and more generally geological structures, for theoretical studies and prevention of risks 
In particular the objectives of this task are:
a) To inform the general public, students and educators of the background and recent discoveries in the exciting scientific interface between Geoscience and Astroparticle Physics;
b) To inform how science at the interface between these two fields impacts upon society;
c) to inspire young people to follow careers in astrophysics as well as geoscience;
d) To promote citizen’s science participation in state of the art work;
e) To promote the image of worldwide collaboration as a prerequisite for advancing science.
Based on our past experience, we will use the most successful, specifically designed tools, which ascertain the widest visibility. In particular we will combine the implementation of a web platform, including virtual tours of the scientific infrastructure and interactive apps (applications), with some outreach participatory activities and a very rich program of Art and Science. In our view the Art and Science perspective is the most effective tool for targeting  and  engaging a wide  audience towards this new and exciting field of knowledge.

The world-famous artist Tomás Saraceno — who has exhibited a constant attention to both fundamental science (gravitational waves, neutrinos, dark matter, multi-messenger physics) and to the risks and human impact on the Geosphere and environment — will lead this special program for attracting the attention of the public at large to these subjects and their interconnection. Various digital tools, interdisciplinary artistic methods, apps, online and in person exhibitions and other creative tools will be used. 

Studio Tomás Saraceno will lead this task in collaboration with some of the most relevant artists, who have already indicated their interest or even carried out artistic works related to the specific contents of APOGEIA research program. 

Among them Donald Fortescue, artist and Professor of Art and Design at the California College of the Arts in San Francisco, has been developing several artistic projects in connection with the IceCube and KM3NeT detectors and their natural environment and the artist Tim Otto Roth (www.imachination.net), prepared an immersive installation inspired by deep sea and ice neutrino observatories in cooperation with APPEC.  The Art and Science research about the volcano Snæfells, carried on by CNRS team from IP2I with the French photographer Carol Müller, (http://www.carolmuller.fr/index.html) and the Volcano Museum Stykkishólmur of Iceland,  Eldfjallasafn, will be also promoted and included in our program. And a few others...
Description of work. The goals of our outreach and dissemination program will be accomplished through the realization of several complementary actions, that we have organized in three main tasks.. The heterogeneity of actions, languages and communication tools, that we will use, reflect the ambitious purpose of reaching a very large audience in the complex landscape of contemporary global communication: an even more complicated goal during and after the covid-19 crisis. The integration of these languages and tools will produce constant interplay, overlap and connections among the actions and the actors of the three tasks.
The tasks will be achieved using the following tools:
a) The creation of an astro-geo-convergence web platform in close collaboration with other Astrophysics and Geoscience portals: our portal will provide news, videos, images, educational material, press related material as well as the virtual tours and other interactive apps developed within the project;
b) Material to the attention of disabled people;
c) Realize virtual visits to most of the infrastructures of APOGEIA. They will allow citizens and students not only to visually explore them, at times employing real images or artistic views, but also to explore the science performed within them;
d) Apps, online material and installations linking Art and Science, devoted to attract the general public toward the topics of APOGEIA;
e) Preparation of an exhibition at the interface of Geoscience and Astrophysics, as well as Art and Science, along the interdisciplinary example of the successful exhibition “The Rhythm of Space” https://sites.ego-gw.eu/ilritmodellospazio/ and “Gravity. Imaging the Universe after Einstein” https://www.youtube.com/watch?v=FgTwBbCfD6o, already curated by some of the participants.



	Task 3.1Education and, outreach 

We plan to design and realize a web platform, devoted to outreach, communication and dissemination of the astro-geo convergence. The first goal of the web platform is to connect and make available in a coherent framework all documentation materials, outreach products and dissemination tools (video, apps, virtual visits…) already realized by the partners. New materials and utilities (as the virtual tours of scientific infrastructures, see task 4.3) will enrich the platform and make it a global reference point for information, contents and news related to this new astro-geo field, both for the public at large and the scientific community.  
This will also increase the overall visibility of the project, the dissemination and advertisement of the new produced material. The use of all the social media and channels, as Twitter, Facebook and YouTube will be another crucial ingredient for the widespread dissemination of our material. 
A scientist of NOA will be responsible for the update and maintenance of the astro-geo-convergence web platform. The scientist will be a key person in this work-package, responsible for the prompt publication of the news items, the distribution of the press releases in all participating countries, the delivery of the exhibition items. 
The setting up and continuous updating of this outreach platform is a major tool of this task, as it will host the links to most of the other proposed outreach activities. The portal’s language will be in English only. However, the press releases, videos, apps, virtual visits and educational material, will be either translated or subtitled from English in other major European languages such as German, French, Italian and Spanish. 
Milestone M3.1 After one year from the beginning of the project (M12) the state of the art of the web platform and it’s effective functionality and impact will be assessed in a virtual meeting among all the partners involved in the WP4 and, possibly, outreach and communication responsible of all partners . It will also verified with UNIGE the availability of all material and data for the implementation of the virtual tours of scientific infrastructure.
Other didactic and/or participatory activities will be performed in collaboration with all partners. One is enriching NOA’s very popular year-round visitors’ centre, which welcomes adults and children with science popularisation programmes; Creating targeted interventions in selected public schools, namely in year 1 of senior high school, where students are taught an elective course on geology. The new proposed method can enrich existing programmes by demonstrating the new types of sensors (i.e. distributed) along with traditional ones (individual) and visualising results from the subterranean investigation. This will provide added value to geology education and especially the near-surface structure of the earth, and will also help raise public awareness in terms of seismic hazard and safety in urban centres.
Other outreach activities targeting high-school students will be developed around seismic noise, whose measurement and attenuation is a key issue for gravitational wave detectors. Researchers of APC (Virgo group) and IPGP seismologists will develop related applet and web resources and organize hands-on sessions in the classrooms to explain and demonstrate the seismic attenuation, e.g. by building simple seismometers to measure the seismic noise, and building simple suspension systems to illustrate the attenuation of the seismic noise with pendula. Similar activities could also target the general public, once the restrictions due to the covid-19 crisis will be overtook. 
Both Earth and Heaven are environments very far from our daily experience. For this reason, it could be very useful, for outreach and dissemination purposes, to imagine, project and realize immersive and virtual experiences of the exotic environments and phenomena of Astrophysics and Geosciences. Some of the partners already realized this kind of installations, (https://sites.ego-gw.eu/ilritmodellospazio/woa-v-napolano/,   https://youtu.be/UYbPqX47Swg?list=PLbsqUzxZlcP5VkHBc52VdVzp29KrlliF7). One of the action of this task will be to realize a prototype of an immersive experience related to the topics of the project. 
We will also develop virtual tours of the various infrastructures based on free available software. In the era of the COVID crisis, this is surely an experiment not only useful for the large public to become directly involved in the science of the Geosciences-Astroparticle starting community, but also for students and scientists themselves to retrieve useful information with no need of physical access.  
    The APOGEIA virtual tours will be addressed to scientists, school and university students, and the large public. To minimize travel costs/environmental impact for their production, not all of them will be filmed in person, also because some infrastructure, such as KM3NeT or other geoscience sites, are not accessible in person. The APOGEIA community is fully committed to provide necessary information, photographs, artists views, videos, which will be collected in a web site and will be integrated in the virtual tour software. In some these cases, artist views as well other tools, e.g. cameras at the sites (for instance data from a camera installed at  KM3NeT) will be used. The cooperation in this project of participant infrastructures is ensured. Sites such as the LNGS, Canfranc and other easily accessible networks of detectors involved in APOGEIA will be instead filmed, similarly to what google cameras can do. Together with the virtual visits of the location, explanation of the science performed in the sites will be provided in a widely understandable way. Reference to exciting and useful to society results will be made. When possible, also data will be linked through access to AGOSC. The task will require 9 months of a postdoc experienced researcher in software and the deliverable will be the Virtual Tour web linked to T4.1 web site.
 Task 3.2 Citizen's Science and Inclusion.  APOGEIA will use its experience of the EU funded program (REINFORCE) on Citizen’s Science.
In particular, the REINFORCE program through its workpackage “Increasing the senses, increasing inclusion”  aims to extend the reach of the project to citizens with sense-disabilities (especially visually-impaired), address senior citizens and explore the potential and the barriers for their engagement in citizen science. In this context we develop, in a collaboration with the famous blind Astronomer Wanda Merced-Dia, presently a member of EGO, z a program of sonification of astronomical and environmental data permitting to visually impaired citizens to participate to the adventure of science, but also in return augment the discovery potential of gravitational wave research by the inclusion of new sensorial data (acoustic).  More on REINFORCE needed here. 
Task 3.3  Art and Science for the Earth and the Heavens  (Ally Bisshop, STS, EGO, APC, UGENT, CNRS/Rhône-Alpes/IP2I)
    STS will contribute to the collective understanding of APOGEIA research and data through an artistic process, including developing a conceptual framework for a final artistic exhibition in year three. This will require 36 months of a research fellow with experience in research at the intersection of art-science to support the process of artist Tomás Saraceno, and assist in coordinating the Art and Science interdisciplinary group. Tasks include:
a. STS: Organize an interdisciplinary group, APOGEIA Art and Science, with 3 face to face meetings and 9 virtual meetings of artists and scientists on the synergy themes of APOGEIA, in view of organizing a final exhibition on the themes in  2023, at the time of the delivery of the common roadmap to Brussels. The deliverable of this action will be the concept and design of the final exhibition (D4.6), which includes other artists*, and a dialogue with external researchers (philosophy, sociology, ethology, etc.) whose research connects to the themes of APOGEIA. The funds for the production, transport and insurance of new and existing artworks, and the setup and installation of the exhibition will be sought from private and public funders. 
b. STS: Conceptualisation and design of artistic Alert.Apps (D4.5) around the astroparticle alerts distributed by the gravitational wave observatories and other astroparticle physics laboratories, well as their “multi-messenger” follow-up, environmental and geophysical alerts (earthquakes/seismicity, clouds, electromagnetic effects, cosmic rays, pollution), and biological alerts (dolphins, whales, wave events in the Tyrrhenian Sea). In particular, STS will draw affective links between these data and animal behaviour: both human and nonhuman. The coding of the app will be carried out by personnel of ICT departments of the institutions involved in the project. The apps will be delivered during the last year of the project and may also become tools for future citizen-science based research programs, and inform an artwork that links alert events/data to human and nonhuman phenomena. 
c. STS: Document (via text, video, photo, and audio material) (D4.4) the research and thinking process in the development of an artwork at the intersection of astro and geosciences, articulating how fundamental science becomes intrinsic to an artwork, and how artistic processes can contribute to thinking in scientific process. It will include aesthetic and speculative documentation of the process of collaborative thinking and inspiration across the different APOGEIA research sites. Ways to record this process include video/photo/sound documentation of site visits and relevant meetings. This research process is also a site for broader philosophical musings about interconnections between art and science, and the possibilities for rendering tangible, sensible, and affective data and insights that fundamental science can generate in synergy with the arts. STS will also explore the possibility of translating this process into a publication, inviting speculative and discursive essays on topics across astrophysics and geophysics, and their intersections with the humanities. This research and documentation process will inform the final exhibition. 
d. Other artists will be engaged for exhibitions: Donald Fortescue, artist and Professor of Art and Design at the California College of the Arts in San Francisco, who has been developing several artistic projects in connection with the IceCube and KM3NeT detectors and their natural environment …..Tim Otto Roth (www.imachination.net), who prepared an immersive installation inspired by deep sea and ice neutrino observatories in cooperation with APPEC. 
e. CNRS: APOGEIA will also contribute and promote the art and science program about the volcano Snæfells,  carried out by CNRS researchers from IP2I with the french photographer Carol Müller, (http://www.carolmuller.fr/index.html) and the Volcano MuseumStykkishólmur of Iceland,  Eldfjallasafn. This volcano is the entrance to the center of the Earth, according to Jules Verne’s masterpiece “Voyage au centre de la Terre”. Looking for this symbolic entrance with cosmic particles born in the atmosphere is a perfect tool for illustrating the connection between Earth and Heavens. The activity  “From cosmos to the center of the earth : muography applied to Snæfellsjökull” is centered around the exploration of this symbolic door to the center of the Earth with multi-messengers images, from the most obvious visible photons to more elusive cosmic muons. Apart from the art-science program, this place is of tremendous interest for geosciences: existence of mountains and hills with various dimensions and opacity, existence of a glacier at the summit which is one of the world’s thermometers to monitor global climate warming. The deliverable will be a photograph exhibition, contribution to an online book by a professional photographer and educational programs on the cosmic rays illustrated. (D4.2)

 NEW PROGRAM,  connect technological sening to animal sensing, art and science exhibition ? 
See  Annex II


Budget WP3. Total budget 327,4 k€, 36 PM STS, 5 PM UNIGE,  10 K€ each UGENT, CNRS/IP2I, EGO, 15 k€ NOA and 12 k€ CNRS/APC





	Deliverables 
D3.1 Project web site (M6) A web platform, devoted to outreach, communication and dissemination of the astro-geo convergence will be designed and published within 6 months from the beginning of the project. 
D3.2, Photographic exhibition and online book (M12)  A photographic exhibition and an online book by a professional photographer Carol Müller, (http://www.carolmuller.fr/index.html) and the Volcano MuseumStykkishólmur of Iceland,  Eldfjallasafn will be realized within 12 months from the beginning of the project. 
D3.3 Virtual visits of the APOGEIA infrastructures (M24).Virtual tours of the various scientific infrastructures of APOGEIA will be developed based on free available software and included in the general web platform of the project. 
D3.4  Documentation of the art and science process (M18). Documentation (via text, video, photo, and audio material) of the research and thinking process in the development of an artwork at the intersection of art, astro-, geo- and biosciences
D3.5 Apps for environmental and post-anthropocene alerts (M24) Artistic Alert.Apps around the astroparticle alerts distributed by the gravitational wave observatories and other astroparticle physics laboratories, well as their “multi-messenger” follow-up, environmental and geophysical alerts (earthquakes/seismicity, clouds, electromagnetic effects, cosmic rays, pollution), and biological alerts (dolphins, whales, wave events in the Tyrrhenian Sea). 
D3.6 Concept and design for an art and science exhibition (M36) The process of collaborative thinking and inspiration across the different APOGEIA research will inform an exhibition, for which  other artists will be engaged, including Donald Fortescue and Tim Otto Roth.
D3.7, D3.8, D3.9  Annual reports (M12, M24, M36). Three annual reports will report the variety of  outreach activities or preparation actions (as the annual art and science meetings) carried out every year within the WP program. These reports (video/text/images/sound) will be published online within the APOGEIA web platform. 

 



	Milestones:

M3.1 APOGEIA website (M6)
M3.2 Virtual meeting on the state of the art of APOGEIA web platform (M12)
M3.3 Exhibition (M33)




	Critical risks for implementation 
A relevant part of the planned outreach actions could be implemented even with the present restrictions due to the covid-19 crisis. We wish these restrictions will be overtook in the next few years.  If needed the activities requiring an interaction in presence with students or the general public, will be re-modulated with the participation of a smaller audience or even as online interactive events.  




Table 3.1b4: Work package description – WP4

	Work package number
	WP4
	Lead beneficiary
	

	Work package title
	Access to Open Science Archive and tools
	

	Participant number
	
	
	
	
	
	
	
	

	Short name of participant
	
	
	
	
	
	
	
	

	Persons/months per participant
	
	
	
	
	
	
	
	

	Start month
	1
	End month
	36
	

	Objectives. The goal is to set up and maintain a European-based Astroparticle and Geoscience Open Science Centre (AGOSC), a data platform and website providing access to large parts of observational data and tools for methods of analysis of both the Geoscience and Astroparticle communities. The platform will be set up with the idea that it is operative from the first year of APOGEIA and available beyond it. Methods will also enable joint studies and some user cases will be set up. We will open the AGOSC virtual site, taking into account the advancement in the procedures and architecture gathered in the last years by both communities and integrating them into the EOSC by utilizing the means offered by the ESCAPE H2020 project. Some databases belonging to the two communities already exist. For instance, in the case of the seismological community there are two open access databases: a) IRIS: Incorporated Research Institution for Seismology, which is based in Washington DC (USA) and contains worldwide data, see https://www.iris.edu/; b) ORFEUS: Observatories & Research Facilities for European Seismology, which mainly contains European data and is based in Utrecht, the Netherlands, at the KNMI, see https://www.orfeus-eu.org; GEOFON on seismic data, see https://geofon.gfz-potsdam.de. In addition,  a national database of the noise compensation of the fibers of REFIMEVE+ (which exhibits in particular seismic noise). In the Astroparticle community there is the Gravitational Wave Open Science Center (GWOSC) based on the website initiated by LIGO and based in Caltech, with the support of the NSF, and which is now developed by a joint team of LIGO and Virgo researchers. This website gives access to LIGO and Virgo observational data. Other services exist linking the Astroparticle community to the Astronomical one and mostly distributing alerts (e.g. https://www.amon.psu.edu) and connected to the more developed astronomical database, e.g. HEASARC (https://heasarc.gsfc.nasa.gov) of NASA and the ASI Space Science data centre (https://www.ssdc.asi.it/). There is also a cosmic ray data centre developed by the KIT partner (KCDC, see https://kcdc.ikp.kit.edu/)  and less advanced repositories for single underground and deep sea and ice neutrino observatories and other experiments. 
The objectives of this WP will aim at: 
1.   An agreement on sharing data between communities and also on open data, which should aim at a systematic data availability beyond the APOGEIA project duration. 
2. A standard data and metadata format will be agreed that allows to represent the data from both communities and methods to read them will be provided. Special attention will be devoted to data interoperability. This will foster collaboration among communities. For instance, on the geoscience side, time series of open sky and tomography measurements will be made available to the Astroparticle community through the established standardized format. 
3. We will connect these databases into a common platform and enable common tools of analysis with educational examples.
4. We will increase the accessibility and the range of open access to the public, guiding non-expert users towards the usage of data.  


 
	Description of work
 Task 5.1 AGOSC web site  () We will launch a web site of AGOSC (D6.1), which will be set up within 6 months of the start of the project, in order to efficiently disseminate the information to the community. The web site will offer access to the data platform and will deliver relevant documentation on it. This will be linked from the general APOGEIA web site and connected to all relevant databases. For the data share a global agreement will be developed and signed by astroparticle and geoscience partners (e.g.  ORPHEUS, IRIS, GWOSC, KCDC) and other Astroparticle and ESFRI projects (CTA, KM3Net, IceCube) (D6.2).  Agreements will be finalized in the first 6 months.

Task 5.2 Data Platform (): Launch and maintain a data platform (AGOSC - D6.3). The development of the data platform will be done in cooperation with ESCAPE, one of the clusters of the EOSC, maximizing the usage of already existing tools and using the ESCAPE data lake and methods. Requirements of the platform will be defined and a first version of the data platform will become available at the end of year 1. The work will be developed in synergy and coordination with the EU-funded ESCAPE program managing the EOSC for fundamental science of CERN and astroparticle ESFRI institutions. Data from ORPHEUS, IRIS, REFIMEVE+ and other remotely managed distributed smart sensors, and databases such as GWOSC, KCDC and other Astroparticle and ESFRI projects (KM3Net, IceCube) will be connected to the platform for open access availability. KIT will coordinate the work with ESCAPE on the standardisation of formats and interoperability between respective databases will be done in appraisal of authentication models and data federation technologies to enhance collaborative data access and findability will go on during the duration of the APOGEIA project. The concept of a FAIR data management point will be adopted. 
A Standard File Formats for raw and processed data that can benefit the Geoscience and Astroparticle Physics AP communities, will be defined with inputs from the communities. A document describing the platform, raw data and metadata, as well as post-processing data formats will be delivered at the end of first year (D6.4). So far, no standard format exists, which makes it challenging to share and distribute data. The tools to convert a large part of the data will be developed as well.
We will integrate in the platform open-source codes and data analysis of joint methods acting on the standard data format. Joint analysis methods concerning machine learning will be discussed with WP10 and user cases defined (UNIGE, EGO). Simple examples for public use will be developed and published (in cooperation with WP4, Outreach).
A report with recommendations and a roadmap for development of AGOSC as FAIR Data Access Point, as well as proposing an evolution roadmap to improve the service, will be delivered at the beginning of year 3 (D6.5) (KIT).
Task 5.3 Accompany the users () Rich from the experience of the existing GWOSC/IRIS/ORPHEUS systems, including web platform and software infrastructure, in discussion with users, we will establish some user cases to understand if the data platform requirements are well defined. They will become shared user cases with ESCAPE.
User cases will be defined in agreement with the APOGEIA community. For instance, muon data share between the Astroparticle and Geoscience communities is a unique option of APOGEIA. A part of the geophysics community performs muon radiographies. The experiments measure abundant muon data which can be used for muon radiographies as well, e.g. of the density profile of the Earth, the coast profile for underwater detectors or the density profiles of mountains for underground laboratories, and they have potential to characterize the atmospheric temperature (e.g. Task 9.3). A document or publication detailing user cases, including methodical approaches and joint analysis description, will be provided (D6.6).
Task 5.4 Low latency alerts. To be written. 
Budget WP5. 216,8 k€ (24 PM for UNIGE, 5 PM for KIT and 4 PL for SYRTE, the contribution of EGO will be in kind) 


  

	Deliverables
D5.1:    European Website AGOSC (M6) 
D5.2:    Data share global agreement (M6) 
D5.3:    Data platform (M12) 
D5.4:    Document describing platform and standard data format (M14) 
D5.5:    Roadmap on development of AGOSC as FAIR data point (M18) 
D5.6:    Publication of selected user cases (M32) 
D5.7:     Final report (M36) 




Table 3.1b5: Work package description – WP5

	Work package number
	WP5
	Lead beneficiary
	

	Work package title
	Industrialisation and Sustainability

	Participant number
	
	
	
	
	
	
	
	

	Short name of participant
	
	
	
	
	
	
	
	

	Persons/months per participant
	
	
	
	
	
	
	
	

	Start month
	1
	End month
	36
	



	Objectives. 

	 Description of work. 
  Budget for WP5: 



	  Deliverables 




	Milestones

 



	Critical risks for implementation:

 



Table 3.1b6: Work package description – WP6

	Work package number
	WP6
	Lead beneficiary
	

	Work package title
	Fiber Networks and mobile sensors 

	Participant number
	
	
	
	
	
	
	

	Short name of participant
	
	
	
	
	
	
	

	Person months
	
	
	
	
	
	
	

	Participant number
	
	
	
	
	
	
	

	Short name of participant
	
	
	
	
	
	
	

	Person months
	
	
	
	
	
	
	

	Participant number
	
	
	
	
	
	
	

	Short name of participant
	
	
	
	
	
	
	

	Person months
	
	
	
	
	
	
	

	Start month
	1
	End month
	36
	




	Objectives: This joint research activity integrates expertise and instrumentation of scientists from Astroparticle and Geoscience communities to carry out joint design and data analysis of field studies to obtain structural and dynamics characterization of geological structures such as volcanoes, and also of underground laboratories. We will carry out continuous and multi-messenger monitoring, with both surface and underground detection devices, such as muon detectors, gravimetric, seismic and distributed antenna systems (DAS) and acoustic sensors. 
Task 6.1 will apply this approach to geological and dynamical characterization of Virgo and Einstein Telescope gravitational wave sites and to the Krafla Magma Testbed. The sensitivity at low frequency  (<100 Hz) of gravitational wave detectors is set by environmental noise: terrestrial seismic movements, atmospheric pressure variations, cloud passage, sea waves, acoustic and electromagnetic noise, anthropogenic activity (e.g. cars/trucks, trains, aircrafts, windmills, industry) and self-inflicted noise from the detector infrastructure (HVAC systems, vacuum pumps, electronics, …).  The gravitational wave detectors across the world have developed a sophisticated distributed network of sensors to monitor and subtract this environmental noise background. 
Task 6.2  aims at addressing Distributed Antenna Systems acquisition in various extreme environments for geoscience and astrophysical interests with a focus on seismic data. Fibre optic Distributed Antenna Systems will be adapted for ground sub-surface characterisation and seismic hazard applications and for the study of soil amplification at telescope sites. Fibre-optic Distributed Antenna Systems will also be benchmarked at an underground seismic observatory (BFO) to develop novel array-processing techniques aiming at decreasing the self-noise of the instrumentation.
Task 6.3 will deploy a network of fibre optic hydrophones to monitor deep ocean sites. In combination with a neutrino telescope, based on a large optical fibre network will provide unique opportunities to other sciences, such as marine biology, oceanography and geosciences. 
Task 6.4 Will apply fiber networks in urban areas.
Task 6.5  will employ mobile robotized multi-sensor systems to map the ambient noise near the laboratories to study noise correlation and source localization. Studies in both fields will benefit greatly from a more densely and site-wide distributed monitoring of seismic and acoustic ambient noise, both for external and internal source identification/localization and noise subtraction. The use of fibre optical sensors in this contest is promising and has to be evaluated. 



	Description of work. The activities of this work package are divided into five  Tasks. Note that several tasks have some overlap in scientific approach.
Task 6.1 Characterization and monitoring of  current and next generation ground and underground infrastructure sites (CSIC, EGO, GFZ, INFN, INGV, KIT, Landsvirkjun,  NCAC-AstroCeNT, NOA, Wigner RCP, Luca Naticchioni)  Data collection, data analysis, noise modelling, noise prediction for gravitational wave detectors (CSIC, EGO, GFZ, INFN, INGV, KIT, Landsvirkjun, NCAC- AstroCeNT, , Wigner RCP)  To be rewritten
We propose to carry on a joint research activity among the gravitational wave, geophysical and geodesy community devoted to exploit both existing and new data to characterise the sites that host the gravitational wave detectors or can host new detectors in the future. Instruments are deployed already at EGO, (the site hosting the European Virgo gravitational wave detector), and at the two candidate sites for Einstein Telescope: in and around the SAR-GRAV laboratory in Sardinia, and near Maastricht across the border between Belgium, Netherlands and Germany. Additional data will be retrieved by integrating data from existing seismological networks, e.g., the INGV network from the Italian national earthquake monitoring program, and from the European Infrastructure for seismic waveform data in EPOS (ORFEUS: Observatories & Research Facilities for European Seismology). Other sites of deployment are Corinth (an EMSO facility) and the PANGEA infrastructure under development in Antikythera, both in Greece.
Borehole seismometer installations (INFN, NWO-I Nikhef) are planned to study the seismic noise at depths where Einstein Telescope is expected to be built. Site-dependent models of gravity gradient noise can be obtained analysing the data produced by short-period seismometer arrays (INFN, INGV, NWO-I Nikhef) and acoustic sensors (INFN) deployed at surface and underground at the sites studied for Einstein Telescope. Furthermore the Canfranc Underground Laboratory (CSIC) Monte Tobazo is available as a facility. Additionally, benchmark experiments will be carried out at BFO to assess the instrumental self-noise and compare the sensitivities in different frequency ranges. The integrated data collected by these temporary and permanent seismic deployments will be analysed with state-of-the-art processing methods to identify the principal noise sources at the sites. In addition, by measuring the propagation properties of the noise surface-waves over a wide (100 mHz – 200 Hz) frequency interval, we aim at retrieving models of the shear-wave velocity in the subsurface at depths ranging from hundreds of meters to tens of kilometres. Other environmental noises, e.g. the global and local magnetic noise, can be studied deploying dedicated sensors at ground and at several depths (INFN). KIT and GFZ have long term experience in characterizing seismic noise field using array techniques needed for decomposing the incoming wavefield for developing correction/compensation strategies. GFZ proposes to acquire fibre optic DAS data in existing fibres.

Krafla Magma Testbed (GFZ, Landsvirkjun)
We propose to develop detailed standardized seismic monitoring of infrastructures for astroparticle physics experiments.  GFZ and Landsvirkjun will contribute to this task by analysing data from available equipment (including ROMPS stations, superconducting gravimeters and broadband seismometers) at KMT, where it was installed for about 2.5 years by GFZ. In the same site there are also seismic stations provided by the Icelandic institutions. The outcome will be used to characterize the location and shape of magma in the subsurface to a higher degree of accuracy than hitherto has been thought possible.

Task 6.2 Fibre Optic Distributed Antenna Systems for seismology in extreme environments (marine,  volcanic, detector sites) (GFZ, INGV, LGL, KIT, Landsvirkjun, CNRS/LPL-SYRTE, Philippe Jousset)
We will use Distributed Antenna Systems (better known as Distributed Acoustic Sensing) for Geoscience and Astroparticle physics interests. Our task is organized in 4 main steps: 
1. DAS evaluation: As DAS is a recent technique, we will first test various interrogators (including Febus A1, Silixa iDAS) in an underground quiet environment (Black Forest Observatory). We will compare DAS records with data from conventional strain meters and seismometers located in the tunnel along the cable. Thereby, we will determine the minimum noise level that each interrogator can record and calibrate the interrogators. 
2. DAS deployment: Once the instruments have been calibrated, we will deploy the interrogators at several test sites, indicated in the list below, in order to characterize each site, for astronomical or/and geoscientific objectives. We plan to use available infrastructures (e.g. submarine cable from the Sub-Marine Observatory from INFN-LNS Catania, and telecom fibre optic lines in cities) or deploy cables to acquire DAS data sets in various extreme environments (EGO-Virgo, KMT). We define “extreme environment” as locations where conventional sensors do not perform well, either because of noise conditions of due to challenges of deployment.
a. Marine and volcanic environments (GFZ, INFN-LNS, INGV). The objective is to combine geo-hazard assessment (faults, volcano and tsunami), biological life activity under the sea and astronomical particle interaction under the water column, within a single study. We plan to demonstrate this by complementing existing infrastructure with fibre optic new technologies, at a location where faults, volcano and water column interact: offshore Sicily and Etna volcano. The gained knowledge about the dynamic of eastern flank Etna volcano under the sea, processes and structures, and search for early warning signals for tsunami and landslide. We will thereby increase our understanding of those fundamental physical processes surrounding the interactions of different drivers, and how they control the temporal variations prior and during extreme events. We plan also to compare high frequency (30-50 kHz) records of DAS data with hydrophone data (e.g., Task 8.3) in order to compare signals, and benefit from each other. Data which will be recorded must be stored in additional storage facility (1 file of 30 s weights 950 Gb). 
b. KMT (GFZ, Landsvirkjun). KMT offers infrastructure where fibre optic are used to transmit information. GFZ and Landsvirkjun will use that equipment to help quantifying soil and underground properties in volcanic environment for geothermal objectives and better characterization for other experiments to be performed at KMT.
c. Virgo antenna (EGO, GFZ, INGV). The Virgo detector is designed to detect gravitational waves from violent cosmic processes. We will design an experiment by deploying a fibre cable and measure local structure of the subsurface in order to characterize better the Virgo environment and remove noise due to seismic and gravity gradient noise.
Task 6.3 Monitoring of deep ocean sites: fibre hydrophones (NCSR-Demokritos, TNO, Ernst-Jan Buis)
Fibre optic hydrophones have drawn increasing attention as an attractive alternative for conventional piezoelectric hydrophones. The large benefit of this technology is that extreme sensitivity can be combined with a cost-effective implementation in a large sensor network. These features will open up the possibilities for an acoustic neutrino telescope, which is complementary to the existing neutrino telescopes and which will allow us to observe cosmic neutrinos with extreme high energies. The expected size of a final acoustic telescope will be as large as 100 km3 instrumented with >1000 hydrophones. Within the APOGEIA project the technology readiness level (presently at TRL 3-4) will be increased to TRL 5 after preparation and deployment of a prototype fibre optic hydrophone array in the deep waters of the Mediterranean Sea. Measurements with this hydrophone array will validate the extreme sensitivity in a real environment, i.e. acoustic sound pulses with amplitudes in order of several mPa (millipascal) can be detected, which is presently achieved in the laboratory. To do so, we will:
1) Assemble and integrate a hydrophone array based on fibre laser optics (TNO/NCSR-Demokritos),
2) Test and calibrate the hydrophone in the anechoic basin at the TNO laboratories (TNO),
3) Design and construct a mechanical support as well as ground support equipment for a deployment in the Mediterranean Sea (TNO/ NCSR-Demokritos),
4) Deploy and recover the hydrophone (NCSR-Demokritos),
5) Analyse data and report. (NCSR-Demokritos).

A neutrino telescope, based on a large optical fibre network will provide unique opportunities to other sciences, such as marine biology, oceanography and geo-sciences. This aspect will come already apparent within this task in the analysis of the data. To understand the quality of the acoustic environment for acoustic neutrino detection, more insight will be obtained into the spatial and temporal distribution of the underwater soundscape. The data collected will inform on both the variability of the deep-sea ambient noise, as well as on types of false-alarms that can be expected (e.g. marine mammal echolocation clicks, or impulses generated by shipping passages), which will be used to identify efficient classification algorithms. Furthermore, the underwater soundscape is not uniformly distributed over all directions, but dominant sound sources (wind noise for high frequencies, and shipping for lower frequencies) can be highly directional. Theoretical models of ambient noise suggest that the strong directionality of high-frequency wind noise (expected to be the dominant noise source when detection acoustic neutrinos) can be exploited to significantly reduce the noise floor of an acoustic telescope. The measurements proposed in this study would directly influence the design of the acoustic neutrino detection telescope and the processing paradigm that needs to be adopted. At the same time, this information also provides new and valuable insights into how deep diving marine mammal species perceive their natural acoustic environmen
3. DAS data processing and interpretation. NOA will use the DAS data obtained underneath urban areas to achieve spatially continuous site characterization and consequently improve seismic hazard assessment in urban environments. This technique will provide valuable data in densely populated areas, where exposure can be significant. In such areas it can be challenging or even impossible to obtain the required data using conventional methodologies of exploration geophysics, which require quiet, open spaces. The recorded seismic noise will be processed by multichannel microtremor array techniques (e.g. SPAC) to estimate the amplification of seismic waves at the investigated areas. The study will be carried-out on data provided by the partners of APOGEIA. Site amplification will also be calculated at selected sites; methods will be sought to utilize optical fibers existing both outside and inside the structures, with a view to investigating their response and whether the desired isolation from ambient vibrations is indeed achieved.
4. DAS data advanced processing. Data produced by those acquisition DAS will be further processed in WP10 tasks to identify and classify events (e.g., earthquakes, cars, ships, animals under the sea)
Task 6.4 Monitoring of urban areas. Urban environment (LGL, GFZ, NOA, CNRS/LPL-SYRTE). The objective is to study the capacity of a system based on Distributed Acoustic Sensing (DAS) in characterizing the seismic anthropic and natural ambient noise in an urban environment, and to extract soil properties for seismic hazard assessment. One site is envisaged for this experiment (Lyon, France) where a prototype of a seismic antenna is based on the commercial optic fibre network (DAS Auvergne Rhône Alpes). The goal is to deliver a complete system, including its "instrumental response" i.e. the sensitivity to ground deformation. We will use at least the two interrogators tested in the underground environment. In addition, if resource allow, the estimation of sensitivity, test of other methods on REFIMEVE high precision fibres could be tested (CNRS/LPL/SYRTE). The project involves an institutional partner (Métropole de Lyon), and three industrial partners (FEBUS Optics; Covage Grand Lyon THD; Deep Tech society PULSALYS) who will provide the DAS interrogator and the access to the optic fiber network. Tools relating to acquisition (storage; database), processing and analysis (GPU computing; extraction and classification of information) will be developed. APOGEIA will contribute to funding a PhD fellowship, for data acquisition and analysis. The salary for a developer (6 months) is covered through the French Initiative d’Excellence program.
Task 6.5  Mobile sensor networks (NCAC-AstroCeNT, EGO, Tomasz Bulik)
We will design and test a mobile platform for various sensors (NCAC-AstroCeNT, EGO). The platform will be able to contain several sensors, including seismic and infrasound acoustic sensors. Their main task will be automatic data collection without human intervention. These types of platforms will be able to work autonomously, including self-powering. We aim at a setup in which power supplies will be located at certain pre-defined locations. Mobile platforms will be heading to refill power supply and exchange data at these docking stations. The mobile platform will have to determine its location and make a local map of the place and then carry out a series of measurements. As a part of creating the map, the mobile platform will communicate with similar mobile devices and exchange data. In this way, a network of mobile sensors will be made, which will allow to optimize the sensor layout. This means that the places with the highest variance of sensor data will be measured more often and more sensors will be located in these areas. Mobile sensors (platforms) will be able to locate each other and additionally receive synchronization from its clock signal.  NCAC-AstroCeNT will develop such a system for mobile seismic and acoustic sensors.

Task 6.3 Monitoring of deep ocean sites: fibre hydrophones (NCSR-Demokritos, TNO, Ernst-Jan Buis)
Fibre optic hydrophones have drawn increasing attention as an attractive alternative for conventional piezoelectric hydrophones. The large benefit of this technology is that extreme sensitivity can be combined with a cost-effective implementation in a large sensor network. These features will open up the possibilities for an acoustic neutrino telescope, which is complementary to the existing neutrino telescopes and which will allow us to observe cosmic neutrinos with extreme high energies. The expected size of a final acoustic telescope will be as large as 100 km3 instrumented with >1000 hydrophones. Within the APOGEIA project the technology readiness level (presently at TRL 3-4) will be increased to TRL 5 after preparation and deployment of a prototype fibre optic hydrophone array in the deep waters of the Mediterranean Sea. Measurements with this hydrophone array will validate the extreme sensitivity in a real environment, i.e. acoustic sound pulses with amplitudes in order of several mPa (millipascal) can be detected, which is presently achieved in the laboratory. To do so, we will:
6) Assemble and integrate a hydrophone array based on fibre laser optics (TNO/NCSR-Demokritos),
7) Test and calibrate the hydrophone in the anechoic basin at the TNO laboratories (TNO),
8) Design and construct a mechanical support as well as ground support equipment for a deployment in the Mediterranean Sea (TNO/ NCSR-Demokritos),
9) Deploy and recover the hydrophone (NCSR-Demokritos),
10) Analyse data and report. (NCSR-Demokritos).

A neutrino telescope, based on a large optical fibre network will provide unique opportunities to other sciences, such as marine biology, oceanography and geo-sciences. This aspect will come already apparent within this task in the analysis of the data. To understand the quality of the acoustic environment for acoustic neutrino detection, more insight will be obtained into the spatial and temporal distribution of the underwater soundscape. The data collected will inform on both the variability of the deep-sea ambient noise, as well as on types of false-alarms that can be expected (e.g. marine mammal echolocation clicks, or impulses generated by shipping passages), which will be used to identify efficient classification algorithms. Furthermore, the underwater soundscape is not uniformly distributed over all directions, but dominant sound sources (wind noise for high frequencies, and shipping for lower frequencies) can be highly directional. Theoretical models of ambient noise suggest that the strong directionality of high-frequency wind noise (expected to be the dominant noise source when detection acoustic neutrinos) can be exploited to significantly reduce the noise floor of an acoustic telescope. The measurements proposed in this study would directly influence the design of the acoustic neutrino detection telescope and the processing paradigm that needs to be adopted. At the same time, this information also provides new and valuable insights into how deep diving marine mammal species perceive their natural acoustic environmen DAS data processing and interpretation. NOA will use the DAS data obtained underneath urban areas to achieve spatially continuous site characterization and consequently improve seismic hazard assessment in urban environments. This technique will provide valuable data in densely populated areas, where exposure can be significant. In such areas it can be challenging or even impossible to obtain the required data using conventional methodologies of exploration geophysics, which require quiet, open spaces. The recorded seismic noise will be processed by multichannel microtremor array techniques (e.g. SPAC) to estimate the amplification of seismic waves at the investigated areas. The study will be carried-out on data provided by the partners of APOGEIA. Site amplification will also be calculated at selected sites; methods will be sought to utilize optical fibers existing both outside and inside the structures, with a view to investigating their response and whether the desired isolation from ambient vibrations is indeed achieved. DAS data advanced processing. Data produced by those acquisition DAS will be further processed in WP10 tasks to identify and classify events (e.g., earthquakes, cars, ships, animals under the sea)
Budget WP7: 1353 k€
WP6.1: EGO: 6M; INGV: 10M; INFN: 18M; KIT: 13M; Landsvirkjun: 16M; NOW-I Nikhef: 32M; WRCP: 6M
WP6.2: EGO: 3M; NCAC-AstroCeNT: 9M
WP6.3: NCSR- Demokritos: 12M; TNO: 17M 
WP6.4:  EGO: 3M; GFZ: 12M; INGV: 1M; INFN: 2M, LGL: 18M; KIT: 6M; Landsvirkjun: 5M; NOA: 9M; OBSPM: 1M 




	Deliverables
D6.1 Report on the ability of  EGO data to characterize the marine ‘wave climate’ in comparison to other measures(M24)
D6.2 Report on modelling marine coastal biodiversity and geomorphology using EGO data as a driver of change (M36)
D6.3 Report on  seismic environment of Sardinia (M24)
D6.4 Report on  seismic environment of Maastricht (M24)
D6.5 Report on seismic environment of Corinth and PANGEA(M24)
D6.6 Report on seismic environment of KMT (M36)
D6.7 Report on design of the mobile platforms (M12)
D6.8 Report on testing the prototype network of mobile platforms(M36)
D6.9 Report on assembly, integration and tests of a fiber hydrophone array(18)
D6.10 Data, calibration report and scientific publication (M36)
D6.11 DAS instrumentation characterization from underground observations (M12)
D6.12 Data and database management system  (M12)
D6.13 Report on the methodology developed for adapting DAS equipment to the site characterization of urban areas (M24)
D6.14 Software deployment on GPU, integration and testing (M24)
D6.15 Report on soil amplification studies at selected sites (M36)
D6.16 Report of Instrumental responses of the antennas, performance report at all tested sites( M36)
D6.17 Data, software, and scientific publication (M36)




	Milestones
M6.1 First site data from EGO, Sardinia, Maastricht, KMT, BFO, PANGEA (M18) 




	Critical risks for implementation 
Risk 6.1 Availability of sensor equipment for carrying out the various proposed field studies
Mitigation: Participants collectively own hundreds of sensors. While some sensor R&D outcome may be uncertain, the main field trials will not be exposed to serious risk.
Risk 6.2: Lack of ability to perform adequate data analysis or achieve anticipated results
Mitigation: Participants collectively have vast experience in geoscientific analysis and in modelling seismic and gravity gradient noise for astrophysics applications. We anticipate in any case to arrive at various important scientific results.







Table 3.1b7: Work package description – WP7

	Work package number
	WP7
	Lead beneficiary
	

	Work package title
	Muon radiography and atmospheric monitoring (see ANNEX I)
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	Start month
	1
	End month
	36
	
	


 

	Objectives. Atmospheric muons represent the largest proportion of charged particles reaching the surface of the Earth. They are secondary products of cosmic-ray interactions with the atmosphere. They easily penetrate the atmosphere and can reach the Earth’s surface. The flux of muons decreases as muons travel through an increasing amount of matter, which results in a natural tool to probe density structures in large opaque bodies such as archeological sites, caves or volcanoes in an equivalent way to the density imaging done with X-rays in medicine. Thus, muon imaging has emerged as a powerful method to complement standard tools in Earth Sciences and the collaboration with the Astroparticle community has enabled huge progress in the application of muon tomography to interesting applications. Atmospheric muons can also be used to monitor the atmospheric temperature. Many collaborations exist among Earth Science and (astro)particle Institutes in Europe, which vary in the design of the detector, the methodology used (absorption or scattering), and specific applications. One big challenge in the muon community is to establish standards of data formats, methodology, and benchmarking for different detectors. Gathering the strongest groups in Europe working on muon tomography we expect to expand and to push the limits of this fruitful collaborations. Muon tracking systems originate from high energy physics; however, they have distinct differences. Challenges include also logistics, on-site assembly, site security, autonomous operation (powering, low maintenance), remote control, long lifetime, robustness, insensitivity to various weather conditions, and simplicity of operation. By the nature of applications, the systems must be cost efficient. 
Task7.1 will address mainly two distinct structural and functional imaging problems with muons applied to volcanology. The main target, accessible by all collaborators of the project, is the Vesuvius cone close to Naples, Italy. This target will offer, in collaboration with the MURAVES project, a site benchmark where hardware devices may be deployed to compare and standardize detection methods and data analysis. Secondary targets are the Soufrière of Guadeloupe (Lesser Antilles, France) and Sakurajima volcano in Japan. Although the distance of those volcanoes impedes the deployment of detectors by other teams, the teams already working on them (DIAPHANE team in France, Wigner RCP in Hungary) will share their data such that they may be used for data analysis and methodology development.
Task 7.2 will study mostly underground targets, with the aim of a clear overall view on muon imaging applicability in this context. The main target in this task is the LSBB underground laboratory, which will be equipped by an underground sensor network (TD2M2 collaboration), complemented by detectors of APOGEIA collaborators (IP2I, KIT, Wigner RCP). One of the main deliverables is the characterization of the sensitivity to the underground dynamics (geoscience application) in parallel to the study of the influence of cosmic rays on the capability and systematics of the future gravitational antenna (Einstein Telescope).
The requirements for the specific applications, including mining, archaeology, water transfer, or muon background flux vary greatly (with the same underlying fundamental processes), which calls for a coherent understanding within the broad community.
Task 7.3  aims at analyzing detected muons by IceCube to reach a sub-degree sensitivity level to monitor the ozone layer, since this is the region where they are produced. This is particularly relevant in regions which seems to suffer from climate changes such as the South Pole, where one of the infrastructures involved in APOGEIA is located, IceCube. 

Task 7.1 Volcanology & Geoscience (lead : INGV+UCLouvain ; participants : CNRS / IPGP / INFN / INGV / UCL / UGent / Wigner RCP / IGN-PAN)
For volcanology, dynamic observables are ascents and descents of magma or steam, exploiting the density differences between gas-saturated magmas and their wall rocks. Muon imaging of volcanoes integrates the state of the art in cosmic muon detection and tracing with geophysical investigation of the upper structure of volcanoes. These activities are accomplished by a synergy between different disciplines including geophysics, geology, astrophysics, nuclear physics, computer science, integration between geophysical and particle physics data (see also Task 8.2). In addition, the community will contribute in networking, hosting students, meetings and workshops (see WP2).
There are well established collaborations for muon imaging of volcanoes, which led to huge progress in the understanding of the internal structure and magma dynamics. One of these is the DIAPHANE collaboration between IPGP (Earth Sciences) and IP2I (Astrophysics). Dominique Gibert, involved in muon tomography since more than a decade in the DIAPHANE collaboration with Jacques Marteau from IP2I, recently joined LGL in order to reinforce collaborations with IP2I. This collaboration constitutes a firm basis to undertake multidisciplinary studies on volcanoes like La Soufrière de Guadeloupe (France) to combine continuous muon measurements with seismic noise acquisitions and continuous gravity data to characterize the hydrothermal activity inside the lava dome. La Soufrière is an active and dangerous volcano in phase of unrest, whose upper part needs to be well characterized and monitored due to an unpredictable hydrothermal system. Continuous muon acquisitions enable the tracking of density changes in the hydrothermal system. Measurements will be compared to gravity measurements which respond to the same physical parameter, as well as time series of seismic noise interferometry. LGL has long-standing activities in tomography methods at very different spatial and time scales with internationally recognized skills in multi-method inverse problems combining geochemical and geophysical data (geochemical tomography of the mantle, gravity, seismology, electromagnetism). LGL also has very solid skills in space-time tomography coupled with modeling in dynamics of multiphasic fluids (data assimilation). A particular emphasis will be devoted to joint inversions and early warning signals of destabilisation of coupled complex systems for low-energy volcanoes like La Soufrière.
An outstanding experiment represented in APOGEIA is MURAVES, a collaboration between INGV, INFN, UCL and UGent, aiming at the imaging of Mt. Vesuvius in Italy, one of the most dangerous and scientifically interesting volcanoes in Europe. MURAVES runs three detectors located on the Vesuvius slopes, and INGV also maintains permanent geophysical monitoring networks deployed on Italian volcanoes. Alternative targets are Stromboli (explosive) and Etna (effusive).
Italian volcanoes are well known key targets for muography, but they are not the only one. Currently the world’s largest fixed volcano-targeting muon tracking system is located at the Sakurajima volcano, Japan, constructed in collaboration between the University of Tokyo, and Wigner RCP. The infrastructure, called “Sakurajima Muography Observatory'' (SMO) had its principal instrumentation from the European side, and can be used as one of the benchmarks for APOGEIA.
The incorporation of other partners, such as T2DM2, IGS, to this field will enhance the project’s synergy with the potential addition of complementary technologies (e.g. thin time projection chamber with a bulk-micromegas) to help fill the technical gap in certain scenarios where a wide field of view and a compact detector are required. The detectors, usually deployed at the LSBB, will be relocated for punctual data acquisition campaigns in order to obtain supplementary data and improve the resolution of the inverse tomographic problem.
Data analysis must be state-of-the-art, to ensure optimum usage of the hardware. Reconstruction and image discrimination softwares shall include machine learning, which is indeed a hot topic for muon imaging (Sakurajima case example: Nomura et al, SciRep 10, 5272 (2020) using neural networks), and in synergy with WP10, the Apogeia community can exploit the latest developments.
Deliverable D7.1 will be sites benchmarking of the hardware detection devices, the standard and new deep learning analysis methods developed by the community. Vesuvius as primary target but also Sakurajima, and the Soufrière de Guadeloupe (which has been deeply studied for more than 10 years with muography) constitute excellent benchmarks with complementary features in terms of dimensions, density and dynamics. Analysis of data at these sites within APOGEIA will facilitate the coherent methodology and interpretation by geo-scientists. Candidate detector systems for various applications, such as those in use at the Sakurajima Muography Observatory or proposed by KIT, TD2M2 and various partners, are to be installed at “benchmark sites”, defined by the community, for precision flux measurement and cross-calibration. It has been outlined above that LSBB gives privileged access to surface and underground facilities in a well-know and heavily monitored low-background-noise environment, suitable for data comparison between different technologies, and enables the multi-technique approach in a multi-disciplinary framework. The sites benchmarking will therefore be cross-cheked in an underground environment (see task7.2). This will result in the publication of muography standards (D9.1) to allow further developments of the techniques for the astro and geo communities. This work on standards includes agreement on format for sharing of volcano data, repository for such data, paper or public report on comparison of various machine learning algorithms to the problem of volcano imaging
Task 7.2 Underground targets and site characterization  (lead : Wigner RCP ; participants : CNRS / IPGP / INFN / INGV / UCL / UGent / Wigner RCP / KIT / IGN-PAN)
Imaging underground cavities and structure of density variations
Muon imaging brings valuable information from underground targets. The MURAVES collaboration demonstrated detection of buried cavities in the city of Naples, whereas natural cave exploration was started in the karst mountain ranges in Hungary. Mining applications are attractive targets: this includes prospecting ore deposits, as metalliferous ore minerals such as pyrite, chalcopyrite, or pyrrhotite exhibit densities of 4.0–5.5 g/cm3, which are considerably larger than the host rocks (2.5–3.0 g/cm3). IGS will contribute to this task. In addition, abandoned and historical mines feature unknown tunnels which present a hazard, therefore muography may be applied in the course of the reclamation process.
In a global context where water management has become a societal challenge, the LSBB will host a network of autonomous detectors to help elucidate the spatial and temporal dynamics of the water transfer process through the non-saturated zone of karstic soils.
Impact characterization of cosmic rays for GW detection
The LSBB (Rustrel) infrastructure offers an excellent underground benchmark site. Surface and in-tunnel muon detectors will be used to understand how rays are absorbed and scattered at different opacities. In addition, IPGP-IP2I will use the LSBB infrastructure to understand the impact of cosmic rays (e.g. via extended air showers effects on the mirrors) in the next-generation, buried gravitational wave telescope Einstein. Indeed the atmosphere dynamics has an impact on muon flux, and in this context data time series acquired at Rustrel, as well as other on-going measurements in partnership with European laboratories will be analyzed. The results will contribute to local prediction of muon flux, and understanding potential measurement bias, in link with air shower and cosmic ray simulations.
KIT will also contribute to this task by construction of muon detectors mainly as R&D for Einstein Telescope (but also for other applications). At KIT there is a large expertise in designing and construction of detectors for (astro)particle physics. The activity includes appropriate data acquisition systems for a distributed network of detectors as well as the FAIR (Findable, Accessible, Interoperable, Reusable) handling of the data. 

Archaeology
The muon-tomography methods for archeology revealed their interest with the discovery in 2017 of a new chamber in the great pyramid of Cheops. This project aims to design a detector suitable for the exploration of archaeological sites and to use the tools of particle physics for the data interpretation. It is based on the experience from a test bench deployed on the Apollonia site (Greece) in 2018 and by simulation studies (ARCHé project). The needed performance of the detector for archeological applications must be refined thanks to the simulation tools developed for Apollonia. Finally, it is necessary to identify favourable archaeological sites within the APOGEIA community and outside.
Deliverable D7.2 explores expected performance and standards definition for sites prospects and installations. One of the goals of the project for the muography applications is to explore, in a standard and systematic way the fundamental limits on muon imaging (e.g. scattering upstream of the detector), the required flux precision, the background sources or optimal energy cut-off. This will be performed through a systematic study of the relation between detector resolution, size, and acquisition time, for a given measurement geometry and required sensitivity to density variations. Case studies of practical relevance include underground water transfer, ore prospecting and tunnel monitoring for mining, and archeological sites such as at Apollonia. These comparative studies greatly facilitate the planning of future measurement campaigns. 
Task 7.3 Monitoring of climate changes with muons  ()
The South Pole is one of the most remote and fascinating lands on the Earth, but unfortunately also one of the most challenged by climate change. The presence of the IceCube detector at the South Pole offers a unique opportunity to provide a monitoring of the temperature by using the detected 2’500 muons per second. The rate is subject to variations of ±15 °C between the maximum in July, when the atmosphere is more rarefied due to higher temperature, and the minimum in December. When primary cosmic rays interact in the atmosphere, they produce showers of particles, including muons produced in the decay of kaon and pion mesons. For the cosmic ray energy range of > 300 TeV, to which IceCube is sensitive, the interaction happens between 14 and 26 km of altitude, in the region of the ozone layer of the South Pole stratosphere.The variations in density of the atmospheric layer induced by temperature changes, influences the rate of interactions with respect to decays of the mesons in which muons are produced. So in the more rarefied atmosphere of July compared to October, the decay probability is favoured with respect to interactions and the flux of muons increases. UNIGE has large experience in the data analysis of IceCube. The postdoc will work on the selection of muons, separating single from multiple muons. As a matter of fact they should be produced in slightly different layers in altitude, which have different temperatures, since multiple muons mostly originate from nuclei which interact in higher layers compared to protons. KIT has a long experience in the modelling of atmospheric muons and simulation of hadronic interactions generating these muons. This analysis can be done also in cooperation with WP10 using machine learning methods. Given the high statistics of muons detected by IceCube we can reach sensitivity at sub-degree level. Results can be correlated to daily data of temperature and pressure from launches of small balloons at the South Pole. Past experience with AMANDA showed sensitivity to the Ozone hole split  (https://arxiv.org/pdf/1001.0776.pdf), hence we expect that the larger detector IceCube has even better sensitivity. 
After training the algorithm on past data and fully understanding the sensitivity, we will set up an online web site where the monitoring results will be displayed (D9.3), linked to AGOSC (see WP6). The ultimate goal is to automatize the analysis and create a ‘muon thermometer’ monitoring of the ozone layer at South Pole which can become a public website. The work will be published in a scientific journal (D9.4).
Budget WP8: 726 k€.
WP7.1 : CNRS 21M / IPGP 3M / INFN 16M / INGV 6M / UCL 8M / UGent 8M / IGN- PAN 9M / Wigner RCP 6M
WP7.2 : CNRS 9M / IPGP 9M / KIT 6M / Wigner RCP 6M 
WP7.3 : UNIGE 9M / KIT 3M




	Deliverables 
D7.1 Sites benchmarking report  (M36)
D7.2 Standards of muography grey book (M36)
D7.3 Online web  (M36)
D7.4 Scientific publication (M36)  




	Critical risks for implementation
The risks for Tasks 7.1 and 7.2 are minimal since part of the equipment is already on site and may serve as baseline for the future developments. No technological lock is identified at this stage concerning the proposed hardware solution. Short data acquisition times are a possible limitation for statistical significance. A possible risk for volcanology experiments (e.g. MURAVES, DIAPHANE and SMO) is the volcanic activity itself. To minimize it, experiments are designed such to take data autonomously with very minimal human intervention and very rare need for maintenance, and that even in the worst case scenario where data-taking would stop, the work related to Task 9.1 would continue based on the analysis of the already existing data, shared among the participants.
The main risk of Task 7.3 is not to deliver an automatic analysis on time but to deliver results on existing data. This risk will be reduced by in-kind contribution time from the IceCube group at UNIGE and KIT and by cooperation with other institutes in the Collaboration. 
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Table 3.1b9: Work package description – WP9


	Work package number 
	9
	Lead beneficiary
	

	Work package title
	Data analytics and Machine Learning

	Participant number
	
	
	
	
	
	
	

	Short name of participant
	
	
	
	
	
	
	

	Person months per participant:
	
	
	
	
	
	
	

	Start month
	1
	End month
	36



	Objectives 
The rapid increase in computing power at our disposal and the development of innovative techniques for the rapid analysis of data is vital for the field Gravitational Wave (GW) Astronomy, on specific topics such as control and feedback systems for next-generation detectors, noise removal, data analysis and data-conditioning tools. The discovery of GW signals from colliding binary black holes (BBH) and the likely existence of a newly observable population of massive, stellar-origin black holes has made the analysis of low-frequency GW data a crucial mission of GW science. The low-frequency performance of Earth-based GW detectors is largely influenced by the capability of handling ambient seismic noise suppression.  Most of the data collected by GW interferometers are essentially background noise which has to be analyzed in a fast and efficient way to increase the detection confidence and to obtain information about likely noise sources. Machine Learning (ML) techniques can greatly help these tasks by providing tools to identify and classify noise sources, or even to disentangle GW signals from other more mundane signals. Non-stationary spectral lines and transient noise events (glitches) are among the major artifacts which can affect advanced detectors. The signal-processing goals would be to clean the data from these artifacts, identifying them as noise sources. 
Having machine learning techniques in place for the low latency data analysis framework, could help in a fast classification process for noise sources and for in-time data quality checks for the detected triggers. Techniques for early warning alert can be used either for GW triggers, but also for seismic early warning. At the same time, activities are already on-going within the CA17137 cost action for the application of Deep Learning techniques for Newtonian Noise subtraction, for glitches classification and for seismic noise characterization. 
The proposed activity explores the use of Machine Learning (ML) techniques in the control and noise mitigation strategies of scientific experiments, specifically for Gravitational Wave (GW) detectors and for  Geoscience activities.  The main objective  of this package is to develop ML algorithms for feed-forward cancellation of noise including ML for glitch removal, Newtonian noise cancellation, data pre-processing with reinforcement learning and noise classification with deep learning.  
We will also analyze acquired DAS data (at INFN-LNS). We will develop and implement specific detection and classification schemes to discriminate between the various sources (geohazard, biological life, anthropogenic sources, …) recorded by the fibre in the submarine environment. We aim at developing automatic classification schemes. Each expert will analyze and interpret the classified specific event (geohazard, biology, physics, etc…), with possibly additional data from conventional or advanced other technique or methods, in order to build a labeled training data set.
The data acquired using seismic and infrasound sensors networks being developed at NCAC- AstroCeNT 
will be classified in supervised and unsupervised manner in order to achieve two goals. The first goal is to study the environment monitored by an infrasound or seismic sensors network in order to identify and classify signal and noise sources and patterns appearing in the environment. The second goal is to identify activities from seismic sensors network data gathered in a supervised manner during seismic activity generation experiments. These goals should allow us to better understand seismic noise patterns studied at various time scales and should lead in the long run to achieve better quality scientific results from experiments relying on low seismic noise backgrounds such as Virgo and Einstein's Telescope.





	Description of work 
The data acquired using sensors’ network being developed at NCAC-AstroCeNT will be classified in supervised and unsupervised manner in order to achieve two goals. The first goal is to perform multiresolution clusterization of signals in order to identify noise sources and patterns. Such ML and Deep Learning (DL) techniques will be applied as autoencoders, variational autoencoders, restricted Boltzman machines and various clusterization methods in order to identify common noise patterns. The second goal is to identify activities from sensors’ network data gathered in a supervised manner during experiments. The experiments will involve acquiring seismic signals during artificially induced complex human and animal activities. These goals should allow us to better understand seismic noise patterns studied at various time scales. 
The Louvain team, building upon its 20-years expertise in Machine and Deep Learning applications in particle physics, will exploit the synergies between particle physics, astrophysics, and geosciences facilitated by APOGEIA.  
Even if this work package is organized in tasks, it is evident the cross nature of the activities. So interaction among the different tasks will be incentivated and supported as well as the interaction with the other APOGEIA WPs.

Task 9.1  Early warning and Machine Learning (INGV Carlo Giunchi)
This task deals with the development of ML tools for the rapid detection and classification of seismic signals. At a world scale, seismological monitoring networks continuously produce a wealth of data, which are exploited only for a minimal fraction. Nonetheless, the ability to detect and analyse even the smallest earthquake is of paramount importance for an improved definition of the active tectonic structures and for enlightening the time-scale evolution of the seismogenic process. On the other side, there are environments, like volcanoes and geothermal systems, where the seismic signals may exhibit different signatures depending on whether fluids are actively involved in the source process; a rapid, waveform-based classification of these signals is therefore a crucial step toward the assessment of the their causative physical process. In task 10.1 we will apply ML-based techniques to fully exploit the massive data sets produced by seismological monitoring networks, with the specific goals of (a) automatically discriminating the occurrence of transient seismic signals from the background noise; (b) measuring the arrival times of body waves at each seismic station, and (c) classify the signals according to a set of pre-defined semantic categories representative of the causative source process. These procedures could be then applied for the realization of early warning systems or exploitation of already available seismological data and DAS data.
Further, datasets available from surveys planned in T8.1 at Virgo and ET candidate sites for seismic noise characterization will be analyzed.
 
Task 9.2 Classification of noise and signals sources in seismic and infrasound sensors networks (NCAC- AstroCeNT Piotr Gawron)
The first NCAC-AstroCeNT’s goal – to study the environment monitored by an infra-sound or seismic sensors network in order to identify and classify signal and noise sources and patterns appearing in the environment will be accomplished by execution of this task. The following sub-tasks will be performed. (i) Data reduction using a selection of such machine learning techniques will be applied as auto-encoders, variational and restricted Boltzmann machines. The reduced data will form features for future analysis. (ii) The features will be clustered in order to identify common patterns and possibly signal and noise sources. (iii) An attempt to find causal relations between signals sources will be performed using the information obtained in the previous sub-tasks. In this task the focus will be put on the development of algorithms that although are aimed at dealing with seismic and infrasound data might find applications in analysis of other multivariate time series.
 
Task 9.3 Activities identification from seismic signals (NCAC- AstroCeNT Piotr Gawron)
The second NCAC-AstroCeNT goal – to identify activities from seismic sensors network data gathered in a supervised manner during seismic activity generation experiments will be achieved  by implementation of this task. The experiments will involve acquiring seismic signals during artificially induced or naturally occurring complex human and animal activities e.g. walking, running, using motor vehicles etc. Additional sensors such as video cameras will used during the experiments in order to establish ground truth for the data. Existing video analysis tools allow for relatively easy identification and tracking of objects while techniques for performing similar tasks using seismic signals are far less developed. This task will be divided into the following sub-tasks (i) preparing and executing experiments, (ii) adapting existing algorithms for moving objects extraction and identification from video streams, (iii) building deep learning models able to recognize activities of moving objects from the seismic data and information inferred from video streams.
 
Task 9.4 Newtonian Noise and Deep Learning (INFN Andrea Chincarini)
The low frequency (< 20 Hz) reach of third generation GW detectors, and also of present ones in bad weather conditions, is expected to be limited by Newtonian Noise (NN), e.g. fluctuations in the local Newtonian gravitational field induced by environmental seismic waves. Since those forces directly couple to the suspended mirrors of the interferometer, bypassing the vibration isolators, they cannot be shielded. However, seismic vibrations are strong enough to be monitored by seismic sensors, which can be used as an information source to mitigate the influence of Newt. force on the test masses. For these reasons, arrays of low noise seismic sensors are now being deployed around the detector test masses at the Virgo sites. The intent is to reconstruct the NN field acting on the mirrors and mitigate its effect. Ideally, one would devise a method to cancel out the NN effect while the interferometer is running by means of a suitable correction signal fed to the test masses actuators. The current and gold-standard approach to noise cancellation is by Wiener filtering, a method which has already demonstrated substantial mitigation effect on test runs. This approach is however not ideal for on-line filtering. NN cancellation could be improved by the introduction of ML algorithms. For the first time it was proven that the ML approach could improve on a static (non adaptive) Wiener filter.  Making the Wiener filters optimization adaptive, to follow the time evolution of the ambient noise, could boost the NN subtraction efficiency and suppress the glitch rate at low frequency. Within CA17137 cost action, work on NN suppression using ML techniques has been already tested. 
A second and not trivial aspect of NN cancellation is the seismic sensors positioning, where it has been demonstrated that optimal placement is a key point to the cancellation efficiency. In practice though, the complexity of the structures adjacent the test masses and the unknowns in the terrein properties are variables that cannot be easily considered. In this respect ML modeling is particularly apt to this kind of problem solving.   In this task therefore, further studies linked to optimal seismic sensors position and DL techniques will be investigated and tested, in order to create a solution to be put in place for next generation GW detectors.

Task 9.5  Muon radiography and Machine Learning (UcL Giacomo Bruno)
In connection with task T9.4 (muon radiography) we will analyze the data from the MURAVES experiment, applying for the first time Machine Learning in a muon radiography problem involving the imaging of a large target. We will combine data for a joint inversion using gravimetry data from previous INGV campaigns, muon data from MURAVES, and ML tools developed in Louvain. It is also foreseen to apply Machine Learning to the analysis of the VIRGO data.    
 One goal could be to enable the computing center to host data from both the GW and muon radiography communities, enable smooth and coordinated access to this data in an open-data perspective and enable running of machine learning algorithms and alert-signals distribution system, in connection with WP6.

Budget WP9: 336;6 k€ ( 51PM: 12 PM EGO, 9 PM NCAC- AstroCeNT, 12 PM GFZ, 10 PM INGV, 8PM INFN)





	Deliverables 
D9.1 Technical report describing algorithms, methods, experiments and results (M18)
D9.2 Scientific paper describing algorithms for multi-temporal unsupervised clustering of seismic and or infrasound signals. (M24)
D9.3 Software releases on Scientific Software Catalogue as developed in ESCAPE (https://projectescape.eu)  project. (M30)




	Critical risks for implementation 
There are two main critical risks related to implementation of Tasks 9.2 and 9.3, namely failure to acquire experimental data and inability to design and develop good quality algorithms. The first kind of risk is reduced by the fact, that the mentioned experiments are either partially already realized (some data is already gathered) or consist one of the main activities planned to be executed by highly motivated NCAC- AstroCeNT  research team. The second kind of risk – the inability to design or develop high quality data analysis algorithms – is mitigated by the fact that the tasks coordinator has experience in building of similar systems.
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	1
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	36




	Objectives 
Modelling and measuring spatial variations of the Earth’s gravitational field is an important tool in geophysics, called gravimetry.  Indeed, this information is directly related to the distribution of local mass density which is otherwise difficult to access. Such measurements can be used for example in general surveying of mass distribution, or in the petrochemical industry for analysing the spatial extent and other properties of underground materials. On the other hand, fundamental physics research would benefit from extremely sensitive measurement of the gravitational wave field, e.g. for the control of Newtonian noise in GW detectors, and in Dark Matter searches. In this context, APOGEIA will develop new measurement methods and models for characterizing space-time variations of the gravitational field based on the use of networks of highly sensitive sensors of gravity acceleration, gravity gradient, and gravitational potential. 





	Description of work. 
 Network Synchronisation and time/frequency distribution (LPL/CNRS/UP13 and SYRTE/CNRS/OBSPARIS coordinator Anne Amy-Klein) 
The objective is to study how high performance synchronization and syntonisation methods could contribute to strengthen the detection capacities of interferometers, astrophysics observation and geophysics experiments. This study will build on the current development of the REFIMEVE+ fiber network (http://www.refimeve.fr/) which disseminates an optical frequency reference on a national scale, RENATER (National Network for Technology, Education and Research) providing the fibre optic network and SYRTE (National Metrological Institute for time and frequency) the ultra-stable frequency signal. With a residual error of 10-19-10-20 after active correction of the propagation noise, the frequency transfer by optical fiber does not degrade the frequency of the best optical clocks today limited at 10-17-10-18. Fiber networks are developing fast in Europe, and several other techniques allow for radio-frequency and time transfer, with eventually lower performance than the one mentioned above. In this sub-task, we will study how the techniques of ultrastable dissemination of a timing signal or a frequency reference by optical fibers can contribute to the syntonisation of local oscillators or the synchronization of remote detectors for interferometers, astrophysical observations or gravitational wave detection for instance. We will also study the benefit of the White Rabbit protocol to short (campus) or long-distance (national or European scale) timing signal distribution. We will study what is possible at short distances and long distances, the performance required for the different applications in geosciences, gravitational wave sensors and astrophysics and identify the most suitable techniques techniques (active versus passive noise compensation, WR or high-performance timing transfer…) for each of these various applications. We will establish the technical specification of time and frequency service to be delivered for different types of interferometers. We will study which new sites/detectors are worth connecting to the fiber links and how we can technically manage these connections. 


Budget WP11: 






	Deliverables 





	Milestones





	Critical risks for implementation: 
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	Objectives 
Modelling and measuring spatial variations of the Earth’s gravitational field is an important tool in geophysics, called gravimetry.  Indeed, this information is directly related to the distribution of local mass density which is otherwise difficult to access. Such measurements can be used for example in general surveying of mass distribution, or in the petrochemical industry for analysing the spatial extent and other properties of underground materials. On the other hand, fundamental physics research would benefit from extremely sensitive measurement of the gravitational wave field, e.g. for the control of Newtonian noise in GW detectors, and in Dark Matter searches. In this context, APOGEIA will develop new measurement methods and models for characterizing space-time variations of the gravitational field based on the use of networks of highly sensitive sensors of gravity acceleration, gravity gradient, and gravitational potential. 
In particular, WP7 will develop innovative detectors at the interface of Astroparticle Physics and Geoscience, based on advanced technologies such as quantum sensors (atom interferometers, optical atomic clocks), coherent optical links, torsion bars, and on novel measurement concepts for the detection of tiny gravitational anomalies and seismic signals. Here the Geo-Astro interplay is developed along several lines: the synergy between advanced technologies for ultrasensitive devices - as developed for gravitational physics experiments and GW detectors – and data analysis for complex sensor networks – as developed in geophysical monitoring – is exploited by combining expertise from the different communities; the novel technologies and concepts are developed in view of applications to both gravitational physics searches and for applied geophysics; the outcome of WP7 will provide new resources to further extend the scope of characterization and monitoring as in WP8. 




	Description of work. The activities are organized in four Tasks, aiming at the development of either novel sensors, or new measurement concepts with existing setups/infrastructures, or combinations of the two. Task 7.1 concerns the application of novel concepts for quantum sensors to provide differential gravity measurements with scalable baseline and with potential application to network schemes. Task 7.2 will develop a novel kind of relativistic geodesy based on the measurement of gravitational potential through the gravitational red shift of optical atomic frequencies. In Task 7.3 we will study the possibility to improve different kinds of distributed measurements, e.g. Very Long Baseline Interferometry, with the synchronisation capabilities of optical fibre networks. Task 7.4 will develop novel gravity gradient sensing instruments, as well as new analysis of optical fibre network signals, to provide a new kind of speed-of-light seismology.  
The CNRS, INFN, and INGV teams will interact in all Tasks to create a synergic interplay of advanced technologies (atomic interferometers and clocks, gravity gradiometers) and new measurement principles (coherent optical links); in example, the use of quantum sensors is common to Task 7.1 and Task 7.2; the use of gravity gradient sensors is common to Task 7.1 and Task 7.4; the application of coherent optical links is common to all Tasks in WP7. 

Task 11.1 Gravimetry and Gradiometry (INFN, LP2N, INGV – coordinator Fiodor Sorrentino)
INFN, LP2N and INGV will develop innovative quantum sensors for ultra-sensitive gravitational gradient measurements, and new methods for detecting space-time variations of the gravitational field with networks of atom interferometry sensors. The optimal geometry of the network will be studied for the best possible reconstruction of the gravitational environment: static networks can be studied in which the relative distance between the gravimeters is a fixed parameter, but also dynamic networks where the distance between the atom interferometers can change in the course of the measurements. This last configuration is particularly interesting as it enables to develop techniques similar to synthetic aperture imaging, which is nowadays widely used to enhance various categories of detectors. 
Atomic gravimeters have already achieved comparable or even better performance than the best optical counterparts. A main feature of atomic interferometry sensors is the ability to perform differential measurements, in a gradiometric configuration, with almost perfect suppression of acceleration noise induced by vibrations. This has so far been done on distances between the sensors of the order of one meter. In APOGEIA we will develop methods to connect atomic sensors coherently over a long distance, thus increasing the sensitivity to gravitational gradient and its temporal variations proportionally.
LP2N develops an exploratory experiment to study the new regime of in-cavity matter-wave interferometry in an ~ 8 m atom gradiometer. This setup is based on the use of cold atom sources of 87Rb launched on a vertical trajectory towards an interrogation zone where the resonating mode of two horizontal cavities placed at different height are used to create matter-waves interferometers in a Pi/2-Pi-Pi/2 geometry.  Using a gradiometric configuration comparing simultaneous measurements of two atom interferometers offers strong advantages in terms of noise rejection, which can be exploited to study regimes where the sensitivity of atom interferometers is pushed further by orders of magnitude. Within APOGEIA, we propose to use the high sensitivity of this setup to gravity gradients to detect gravitational signals resulting from anomalous mass distributions and their fluctuations.
INFN will develop schemes combining advanced methods of atomic interferometry and metrology of optical frequencies, to connect distant atomic gravimeters with laser fields in two different ways: by free propagation in vacuum, and through a fiber optic link. This will foresee the development of new seismic noise measurement and correlation systems on remote masses. Enabling technologies for optical links with free propagation in vacuum will include suitable methods for wavefront control of the laser field; active fiber optic links for relative measurements between the remote sensors will be studied in parallel, to allow differential gravity measurements over arbitrary distances, with sensors of small size. We will also study the scalability of the method in terms of the number of sensors and relative distance. 
INGV will contribute with modelling of potential differential signals for specific geophysical applications, in particular volcano monitoring, and with comparison with data from existing gravity networks. INGV-OE manages a mini-array of three continuously running superconducting gravimeters (SGs), installed on Mt. Etna to monitor and study the volcano. This is the first network of SGs ever installed on an active volcano. SGs are free from instrumental drift and artifacts driven by ambient parameters and allow to track even small volcano-related gravity changes (1–2 μGal) over a wide range of time scales (minutes to months). 
The techniques developed can also find application in the search for Dark Matter from ultralight fields and in the detection of Gravitational Waves, in particular for the characterisation of Newtonian noise. The detection of gravitational anomalies, combined with precise soil displacement measurements, becomes crucial for the characterization of the physical phenomena concerning the hydrology of the aquifers, the elastic deformation of rocky bodies, and the migration of magmatic-hydrothermal fluids into volcanic and/or geothermal systems. The observation of this physical phenomenology is crucial in monitoring seismic and/or volcanic activity. 

Task 11.2 Optical clock sensors (IPGP/SYRTE/LPL coordinator Guillaume Lion)
Because the frequency of a stationary clock depends on mass sources (gravitational redshift effect), it is possible to measure directly the Earth’s gravity potential variations between two remote clocks with uncertainty at 10-18 level in terms of relative frequency, which corresponds to a resolution of 1 cm in terms of geoid height. This measurement relies on the dissemination of the clocks signal with fiber link networks described in sub-task 7.3. The partnership between IPGP and SYRTE has obtained pioneering results in chronometric geodesy with synthetic optical clock measurements and their contribution to the determination of the geopotential. This new geodetic observable could also be studied for sensing large-scale temporal geopotential changes (vertical deformation of the Earth’s surface of about 10 cm/yr due to volcanic, hydrological, tectonic, seismic processes, ...) associated with different geodynamical processes, e.g. magmatic chamber inflation-deflation, water storage, episodic plate motion, loading, etc.. IPGP, SYRTE and LPL will study the data of optical clock comparisons to determine the geoid (chronometric geodesy) and relate the outcome to other available measurements, as network of gravimeter, atomic gravimeters and satellites surveys.

Budget WP6: 633,6 k€, (INFN:20 PM, IPGP:30 PM, INGV:2PM, CNRS/LPL/IP13: 10 PM, CNRS/SYRTE: 10 PM,  UdP/APC: 12 PM, CNRS/LP2N: 12PM) 
INFN: 20 PM in T7.1; APC: 12 PM in T7.4; LP2L: 12 PM in T7.1; SYRTE 10 PM (3 in T7.2, 6 in T7.3, 1 in T7.4); LPL/UP13 10 PM (1 in T7.2, 6 in T7.3, 3 in T7.4); IPGP 30 PM (18 in T7.2, 12 in T7.4); INGV: 2 PM in T7.1.





	Deliverables 
D11.1 Report  on mass transfer monitoring with mid-size baseline gradiometers (M24)
D11.2 Report on lab test of fiber links for gradiometry (M24)
D11.3 Report on possible use of fiber links (M24)
D11.4 Access to data-analysis algorithms for early warning (M24)
D11.5 Comparison of the seismic-induced signal detected on optical fiber links with that of a seismometer for 2 seismic events (M24)
D11.6 Report on laser wavefront control techniques (M36)
D11.7 Report on methods and sensitivity study opened by optical clock comparisons to determine the geoid, and ability to monitor geodynamic processes (M36)




	Milestones
M11.1 Performance table for mass transfer detection with scalable-size baseline gradiometers available (M24)
M11.2 Performance table for time and frequency dissemination with fibre links available (M24)
M11.3 Release of early warning data analysis algorithms (M24)





	Critical risks for implementation: Some of the proposed developments are extremely challenging, and are thus subject to substantial risk. In particular, it may turn out that newly developed instrumentation (variable-baseline quantum gravity gradiometers, torsion bars) may not demonstrate the required performances for some of the target applications within the time frame of the project. Risk contingency will be managed through the relative flexibility offered by the novel measurement concepts, e.g. by optimising baseline
and topology for networks of quantum gravimeters and of optical clocks, and by selecting alternative gravity sensors for early warning.






Table 3.1c:	List of Deliverables

	Deliverable (number)
	Deliverable name
	Work package number 
	Short name of lead participant 
	Type
	Dissemination level
	Delivery date
(in months)

	D1.1
	SAC member list
	1
	
	
	
	

	D1.2
	Minutes for the Kick-Off meetings
	1
	
	
	
	

	D1.3
	Quality assurance procedures
	1
	
	
	
	

	D1.4
	Minutes of the AEC meetings and of CB meetings  during the first year
	1
	
	
	
	

	D1.5
	Minutes of the AEC meetings and of CB during the second year
	1
	
	
	
	

	D1.6
	Minutes of the AEC meetings and of CB meetings prior to final report
	1
	
	
	
	

	D2.1
	First year meetings  report
	2
	
	
	
	

	D2.2
	Second year meetings report
	2
	
	
	
	

	D2.3
	Third year meeting report
	2
	
	
	
	

	D3.1
	Project website
	4
	
	
	
	

	D3.2
	Photographic exhibition and online book
	4
	
	
	
	

	D3.3
	Virtual visits of the APOGEIA infrastructures
	4
	
	
	
	

	D3.4
	Documentation of the art and science process
	4
	
	
	
	

	D3.5 
	Apps for environmental and post-anthropocene alerts
	4
	
	
	
	

	D3.6
	Concept and design for an art and science exhibition
	4
	
	
	
	

	D3.7
	Annual report 
(first year)
	4
	
	
	
	

	D3.8
	Annual report (second year)
	4
	
	
	
	

	D3.9
	Annual report
 (third year)
	4
	
	
	
	

	D4.1
	Webpage 
	5
	
	
	
	

	D4.2
	Annual activity report
	5
	
	
	
	

	D4.3
	Annual activity report
	5
	
	
	
	

	D4.4
	Annual activity report
	5
	
	
	
	

	D5.1
	European Website AGOSC
	6
	
	
	
	

	D5.2
	Data share global agreement
	6
	
	
	
	

	D5.3
	Data platform
	6
	
	
	
	

	D5.4
	Document describing platform and standard data format
	6
	
	
	
	

	D5.5
	Roadmap on development of AGOSC as FAIR data point
	6
	
	
	
	

	D5.6
	Publication of selected user cases
	6
	
	
	
	

	D5.7
	Final report
	6
	
	
	
	

	D6.1
	Report on mass transfer monitoring with mid-size baseline gradiometers
	7
	
	
	
	

	D6.2
	Report on lab test of fiber links for gradiometry
	7
	
	
	
	

	D6.3
	Report on possible use of fiber links
	7
	
	
	
	

	D6.4
	Access to data-analysis algorithms for early warning 
	7
	
	
	
	

	D6.5
	Comparison of the seismic-induced signal detected on optical fiber links with that of a seismometer for 2 seismic events 
	7
	
	
	
	

	D6.6
	Report on laser wavefront control techniques
	7
	
	
	
	

	D6.7
	Report on methods and sensitivity study opened by optical clock comparisons to determine the geoid, and ability to monitor geodynamic processes
	7
	
	
	
	

	D7.1
	Report on the ability of  EGO data to characterize the marine ‘wave climate’ in comparison to other measures 
	8
	
	
	
	

	D7.2
	Report on modelling marine coastal biodiversity and geomorphology using EGO data as a driver of change 
	8
	
	
	
	

	D7.3
	Report on seismic environment of Sardinia
	8
	
	
	
	

	D7.4
	Report on  seismic environment of Maastricht
	8
	
	
	
	

	D7.5
	Report on seismic environment of Corinth and PANGEA
	8
	
	
	
	

	D7.6
	Report on seismic environment of KMT
	8
	
	
	
	

	D7.7
	Report on design of the mobile platforms
	8
	
	
	
	

	D7.8
	Report on testing the prototype network of mobile platforms
	8
	
	
	
	

	D7.9
	Report on assembly, integration and tests of a fiber hydrophone array
	8
	
	
	
	

	D7.10
	Data, calibration report and scientific publication
	8
	
	
	
	

	D7.11
	DAS instrumentation characterization from underground observations
	8
	
	
	
	

	D7.12
	Data and database management system
	8
	
	
	
	

	D7.13
	Report on the methodology developed for adapting DAS equipment to the site characterization of urban areas
	8
	
	
	
	

	D7.14
	Software deployment on GPU, integration and testing
	8
	
	
	
	

	D7.15
	Report on soil amplification studies at selected sites
	8
	
	
	
	

	D7.16
	Report of Instrumental responses of the antennas, performance report at all tested sites
	8
	
	
	
	

	D7.17
	Data, software, and scientific publication
	8
	
	
	
	

	D8.1
	Sites benchmarking report
	9
	
	
	
	

	D8.2
	Standards of muography grey book
	9
	
	
	
	

	D8.3
	Online web
	9
	
	
	
	

	D8.4
	Scientific Publication
	9
	
	
	
	

	D9.1
	Technical report describing algorithms, methods, experiments and results 
	10
	
	
	
	

	D9.2
	Scientific paper describing algorithms for multi-temporal unsupervised clustering of seismic and/or infrasound signals
	10
	
	
	
	

	D9.3
	Software releases on Scientific Software Catalogue as developed in ESCAPE
	10
	
	
	
	



[bookmark: _Toc91919567]3.1. 4. Organisation of the activities and inter-relation among components
The organisation of the APOGEIA activities is outlined in the work breakdown structure described in Fig. 3.2.2. As previously outlined (Sect. 3.1.1), the development activities in APOGEIA cover a range of experimental techniques and data analyses methods that are common to both the main domains of the project. Linked to the future infrastructures are, on one hand, the demand for hardware testing and verification associated to the transnational access facilities; on the other hand, the creation of tools to support the optimisation of instrument performances and data harvesting and the future exploitation of results obtained from the upgrades. The coordination of ground research infrastructures implemented in APOGEIA (WP2) will enhance the support offered by these to the community.  Last but not least, the WP3 coordinates the communication from the agencies to the public and the engagement activities of the public and educational institutions with key workhorse an innovative and high-quality Art and Science program.

[bookmark: _Toc91919568]3.2	Management structure, milestones and procedures 
[bookmark: _Toc91919569]3.2.1. Organizational structure and decision making
The APOGEIA organizational structure is described in Fig. 3.2.1.2. The structure and decision-making mechanisms follow the standard rules of separation of the institutional rights, scientific authority and management organization, well separating the overall oversight (Collaboration Board) with the day to day executive functions (Executive Committee).  It is also supported by an external Scientific Advisory Committee providing independent scientific guidance.  Thus, the principal instruments of APOGEIA are the: 
· Consortium Board (CB), the 
· APOGEIA Executive Committee (AEC), and the 
· Scientific Advisory Committee.
In APOGEIA each activity has a designated project leader, responsible for its delivery to requirements and budget. All activities will be monitored regularly by the APOGEIA Project Office. Nearly annual assessment of performance of the project is provided by detailed review of the AEC reporting documents, and financial status information.
The Consortium Board, composed by representatives of all participants will be the governing body of APOGEIA. The APOGEIA Executive Committee (AEC) will have a crucial role in carrying out the activities and monitoring the project performance and progress. The AEC is chaired by the Coordinator and it includes the Project Scientist (PS), all WP leaders and the Project Officer (PO). The AEC will be responsible to assess any strategic decision concerning the project (like amendments, cancellation of a participant, inclusion of a new participant, etc.) to be endorsed by the CB. It will receive regular project presentations from the WP leaders, ensuring full project-wide communication. The AEC will support the Coordinator to assess any conflict that could arise during the project and to define a resolution to be presented to the CB.
The CB is expected to meet at least three times during the project (including the KO meeting). The AEC will meet in person more regularly, with at least a yearly cadence, mostly in conjunction with major project reviews. A Scientific Advisory Committee, with members external to the project, will provide feedback from the community at large and advice the Coordinator about strategic decisions and new ideas for improved services that may be implemented in the work package structure. This item will be constantly present in the agenda of progress meetings.
The selection of teams or individuals applying for transnational access will be performed by a selection panel nominated by the Board at the KO meeting.  The applications of teams or individuals asking for access to visitor program in TA1 will be peer reviewed by a dedicated APOGEIA selection panel. The members of the selection panel and the panel chair will be proposed by the AEC to the CB for approval at the KO meeting.

Consortium board	
The governing body of APOGEIA will be the Consortium Board (hereafter "the Board"). It consists of a representative of each participating institute (often the institute director or a senior scientist). The Board will initially nominate a Chairman within the Consortium. The APOGEIA Coordinator will serve as deputy chairman during all the three funded years. The Board will meet at least three times in person during the project and use teleconferences as needed. At the kick-off meeting at the start of the project the Board will approve the allocation and distribution of resources. Communication between the Coordinator and the Board will also be conducted by e-mail to ensure smooth information flow.
Board decisions will be made based on consensus. If the latter cannot be achieved, a decision will be passed by majority vote of a quorum. The quorum will be achieved if 2/3 of Board members are present. WP leaders are normally invited to attend Board meetings to present an overview, status, and progress of the WP activities. However, they have no vote rights. Representatives from the community at large may be invited as observers by the Board Chairman.
The main responsibilities of the APOGEIA Board will be to: (a) Make strategic decisions for the project; (b) oversee APOGEIA activities; (c) ensure compliance with the regulations laid down in the contract with the EC and in the APOGEIA Consortium Agreement; (d) approve the allocation and distribution of resources; (e) Decide on the need to reallocate funds if required; (f) appoint and confirm WP leaders; (g) confirm membership of the Science Advisory Committee as proposed by the Project Coordinator in consultation with the APOGEIA Executive Committee; (h) resolve potential conflicts within the APOGEIA project.

APOGEIA Executive Committee

The APOGEIA Executive Committee (hereafter "the AEC") is chaired by the APOGEIA Coordinator. It will also include the Project Scientist who will serve as Deputy Chair person and all APOGEIA WP leaders. The Chair person has the final authority on the decisions taken by the AEC. One member of the Project Office will attend the meetings and take minutes. The AEC will meet at least 4 times in face-to-face meetings (e.g., at milestone review meetings before the time of each reporting period and for a mid-term review). It will also hold teleconferences every month in which WP leaders will report on the status of their activities. The AEC main responsibilities will be to: (a) Oversee the day-to-day implementation of the APOGEIA activities; (b) Monitor progress of activities; (c) Propose strategic modifications to the Board; (d) Propose a list of members of the SAC to the CB for confirmation; (e) Propose members of the selection committees to the CB for confirmation.

Project office
The Project Office consists of the following team: (a) the Project Coordinator; (b) the Project Scientist; (c) the Project Officer, plus one Financial Assistant.
The Project Coordinator's duties include: (a) monitor all activities of the project and ensure that the activities follow the plan agreed by the AEC and approved by the Board; (b) ensure that reports and documentation provided by WP leaders are transmitted to the EC and the Board; (c) report activities to the Board; (d) act as contact point for the EC and be responsible for reporting to the EC; (e) represent the APOGEIA project at conferences, meetings.
The Project Scientist's duties include: (a) support the Project Coordinator by attending APOGEIA-related meetings, report to the AEC and to the Consortium Board; (b) Represent APOGEIA at scientific meetings and events; (c) be responsible for the oversight and coordination of the Networking Activities, Transnational Access, and Joint Research Activities; (d) support the activities in NA3 related to education, outreach, and the generation of publicity materials; (e) provide oversight to the APOGEIA website and its content.
The Project Officer’s duties include: (a) Support the Project Scientist in the administration of the financial issues and timeline for the deliverables; (b) Receive financial and progress reports from the WP leaders; (c) Assemble and prepare the periodic reports to the EC in collaboration with the Project Scientist and submit to the APOGEIA Coordinator for approval and submission; (d) Provide support for the APOGEIA Consortium board and Executive Committee (i.e., prepare reports, organize meetings, take minutes, etc.); (e) Receive details of progress from each work package and review them with the Project Scientist.

Management of individual activities
Each WP has an identified, foreseen leader  and a deputy WP leader that can represent the WP leader should he/she be unavailable, e.g., in an Executive Committee meeting or teleconference. The WP leader will act as point of contact of the WP participants with respect to the Project Office.



Fig.3.2.1 Invidual and transversal WPs

The main responsibilities of WP leaders will be to: (a) ensure that the agreed WP description is followed and that the dates of deliverables and milestones are adhered to; (b) participate in teleconferences. A Deputy WP leader may replace the WP leader if he/she is unavailable; (c) participate in the Management Team meetings. A Deputy WP leader may exceptionally replace the WP leader if he/she is unavailable; (d) provide to the Project Office a comprehensive annual report, including scientific and technical reports, and in a timely fashion.
Science Advisory Committee
The Science Advisory Committee (hereafter “the SAC”) will consist of a pool of external advisors (i.e. not directly involved in the project) no larger than 8 members. The Advisors will be senior scientists representing the two communities at large), with an equal share of gender representation. Members from European countries or Associated Countries not represented in the APOGEIA Board will be included. Members of other astroparticle-related and geoscience-related EU activities (e.g. APPEC, GEO.8, Academia Europaea) will be invited to maximize interactions and optimize complementarities.
The Advisors will be proposed by the AEC and will be confirmed by the Consortium Board. The SAC will meet three times during the APOGEIA project to provide feedback from the community at large and advice the AEC about strategic decisions. The meetings could take place at the same time and location of two of the AEC meetings. The members of the SAC could also serve as a pool for which to choose members for the different selection committees of networking and trans-national access activities. The Advisors will be selected on a case-by-case basis by the AEC for inclusion in the selection committees.

Coordinator
Network Activities
WP1_WP5
Executive Committee
(science content)
Project Scientist

Project Office
(management)
Project Officer


Consortium Board
Scientific Advisory Committee
 Research Activities
WP6-WP11


Fig. 3.2.2 APOGEIA organisational structure.

Management of funds
The coordinator at EGO will receive EC funds for APOGEIA and will distribute them in accordance with the plan agreed with the EC and the decisions taken by the Consortium Board. Thereafter, the participants' financial departments will deal with the funds in accordance to their financial policies and procedures. They will, then, be responsible for the delivery of the annual financial statements to the Project Office which will assemble and prepare the yearly report to the EC. Travel funds for the members of the SAC are reimbursed by EGO as they are not beneficiaries of the project.

Consortium Agreement
A Consortium Agreement (CA) will be drafted after the submission of the APOGEIA proposal and is expected to be signed before the signature of the Grant Agreement between the EC and the Coordinator. The CA will be based on the DESCA (Development of a Simplified Consortium Agreement) 2020 model in view of the large number of universities and research centres representing the APOGEIA participants. The CA will also consider the presence of our industrial partners and will handle intellectual property rights and publication of results. The issue of dissemination of results and management of intellectual property is described in detail in Section 2.2.

3.2.2. List of milestones (Table 3.2a)

	Milestone number
	Milestone name
	Related work package(s)
	Due date (in month)
	Means of verification

	1.1
	APOGEIA Kick-off meeting
	All
	1
	Kick-off meeting report


	1.2
	1st APOGEIA review meeting
	1
	12
	Review Meeting Report

	1.3
	2nd APOGEIA review meeting
	1
	24
	Review Meeting Report

	1.4
	Final APOGEIA review meeting
	1
	36
	Review Meeting Report

	1.5
	Appointment of the Review Panel Committee for TA
	1,5
	1
	Letters of appointment

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



3.2.2. Significant Risks and associated mitigation plans
The APOGEIA proposal has gone through several steps toward a self-consistent, solid set of activities with as little risk as possible. Various options and activities for the two communities were considered by a steering committee, which was set up for the preparation of the proposal and that comprised representatives of the major institutions in the field in Europe and includes all the present WP leaders. The steering committee, that will end its role after the start of the project, preselected those activities that could potentially be included in APOGEIA. For each of these, a leader and an initial set of participating institutes were defined. The steering committee worked actively to produce a set of activities, meeting via teleconferences to fit in the budgetary limit of 10 MEuro and in the time frame limit of 3 years. The participating institutions proactively agreed to pass many of the activities as in-kind contributions, using their own resources, given the importance of APOGEIA. These in-kind activities are not reported here for the purpose of clarity of exposition, but can be available in case of acceptance of the project. They are estimated to 100% over the cost of the project for the joint activities (Person months costing of the order of 8 M€, taken up by the partners budget).  In addition, the steering committee restricted the JRAs to a limited set of well-defined technologies to better focus the technological developments and improvements in APOGEIA. Difficult decisions were met, but this process allowed us to present the current proposal which has, in our view, limited the number of risks. Below, we briefly review those risks and address how such risks can be deal with (summarized in table 3.2b).
Risks associated with the Management activities
The Management side of APOGEIA is built around the Project Office and the APOGEIA Management and Executive Team. The Coordinator, the Project Scientist, the Project Officer and WP leaders are all members with experience in project management. Frequent interactions between the members of the Team will exist throughout the duration of the project, and in case of major issues, the Team will work together to propose a solution that would be submitted to the Consortium Board. In case of a failure from a participant, the Board will reassign the required work, e.g., to another APOGEIA participant with reallocation of funds, or will find a new participant, after formal agreement by the EC and signature of an accession to the Grant Agreement. We believe, however, that this worst-case scenario is unlikely, as careful planning of the activities was done for the submission of this proposal, with significant matching involvement by the participants.
Risks associated with the Networking Activities
Networking activities have inherently very few risks, as they consist mainly in meetings, workshops, support to the community, and public outreach. This statement  presupposes of course that at the start of APOGEIA, the covid-19  situation will not be a problem. If nevertheless it will be  the case, virtual conferences will be  the solution till the health situation clarifies. .
Risks associated with the Research Activities
The risks associated with research and technological development, at the edge of current technology, are inherently larger than for NAs. Most of them are connected with delayed availability within schedule of items such as components, computations, measurement set up, for which a proposed mitigation measure is presented in table 3.2b.


Table 3.2b: Critical risks for implementation

	Description of risk (indicate level of
likelihood: Low/Medium/High)
	WP (s)
Involved
	Proposed risk-mitigation measures

	Failure from a participant to accomplish a major task for the project (low)
	1
	The Board will reassign the required work, e.g., to another participant with reallocation of funds, or will find a new participant, after formal agreement by the EC and signature of an accession to the Grant Agreement.

	Failure to organize face-to-face meeting  as a consequence of continuation of Covid-19 pandemic (low/medium)
	1,2
	Meetings will be held online.

	Outreach activities can be limited by restrictions taken as strategies for Covid-19 containment (low/medium)
	4
	Activities requiring interaction in presence will be re-modulated with the presence of a smaller audience or as online interactive events.

	Unavailability of research scientists to support user visit (low)
	4
	Adopt a flexible approach to scheduling user visit

	Communities could stick to the standard tools to which they are accustomed to (low/medium)
	5,4
	This risk will be minimized by the documentation of AGOSC which will lead the users and AGOSC web site delivering news and information on the platform.

	Some of the proposed developments are extremely challenging, and are thus subject to substantial risk. In particular, it may turn out that newly developed instrumentation (variable-baseline quantum gravity gradiometers, torsion bars) may not demonstrate the required performances for some of the target applications within the time frame of the project. (low/medium)

	6,7
	Risk contingency will be managed through the relative
flexibility offered by the novel measurement concepts, e.g. by optimising baseline
and topology for networks of quantum gravimeters and of optical clocks, and by
selecting alternative gravity sens ors for early warning.


	Unavailability of sensor equipment for carrying out the various proposed field studies (low)
	7
	Participants collectively own hundreds of sensors. While some sensor R&D outcome may be uncertain, the main field trials will not be exposed to serious risk

	Lack of ability to perform adequate data analysis or achieve anticipated results (low)
	7
	Participants collectively have vast experience in geo-scientific analysis and in modelling seismic and gravity gradient noise for astrophysics applications. We anticipate in any case to arrive at various important scientific results.

	Failure to acquire experimental data. (low/medium)
	9
	Experiments are either partially already realized or consist of the main activities planned to be executed by a highly motivated research team. 

	Number of proposals for access to infrastructures is lower than expected requests (low/medium)
	5
	Optimization of TA offer and resources within TA

	Unavailability of research scientists to support user visit (low)
	5
	Adopt a flexible approach to scheduling user visit

	Failure to procure a component based on new technology in the available time (medium)
	7,8,9
	Some of this work requires components based on new technology (e.g. optical filters, robotic sensors, gravimeters, interferometers). For these components some additional margin has been included. If it turns out that these components cannot be produced within the available time, the APOGEIA board will reassess the situation and re-allocate the funding

	Improved knowledge about the underlying physics which is not included in the project (low)
	7,8,9,10
	It can be expected that some of the detailed work (especially in the later phase of the project) may need to be modified considering new insights from the community and from the first phase of the project. In these cases, after approval of the board, the work will be redirected but the main goals of the sub-work packages will be maintained.



[bookmark: _Toc91919570]3.3	Consortium as a whole
The APOGEIA project includes 37 participating legal entities involved in 11 different Work-Packages. The participants are distributed all over Europe with a total representation of 14 countries: 13 Member States and 1 associated country (UK). Among these, are influential representatives of the so-called emerging countries. Industries lead some key tasks of RAs. The competence of the participants covers all the fundamental aspects needed for a successful realization of the APOGEIA project, in particular: i) state-of-the-art research in Astroparticle Physics and Geoscience; ii) infrastructures with high level of technological equipment; iii) developed data analysis and computational means both in Astrophysics and Geosciences, and iv) large experience in public outreach and education. The different and complementary expertise of the APOGEIA participants is reflected in the various proposed activities in this proposal.
APOGEIA consortium is built significantly on previous interdisciplinary endeavors among some of the partners, thus already ensuring a strong integration of the participants as well as the appropriate knowledge required to run the various activities of the project. This asset extends also to new participants. In general, the APOGEIA Consortium is built around scientists with significant experience in managing large projects, thus assuring smooth interactions at scientific and managerial levels. In fact, many participants share a strong involvement in large infrastructure technological development and have led several large projects for ground, underground and ocean facilities. Participants in the outreach activities have strong previous experience in public outreach on many scales (local, national, and European). The participants have organized large and specialized conferences, workshops and schools in Geoscience and Astroparticle Physics and are familiar with the required financial and organizational needs. Each JRA tasks is led by a particular institute and person with strong expertise and knowledge in the represented activities. Some of the participants operating the research infrastructures offered in the TA are further actively involved in both the NAs and JRAs for the benefit of the research infrastructures. 
In summary, the APOGEIA Consortium was built to be as large as possible and aimed at representing as best as possible Geoscience and Astroparticle Physics efforts and scientists in Europe and Associated Countries. While it could not include a wider list of institutes to achieve efficiency, the Consortium is constituted of the leading institutes with complementary and overlapping expertise. They will work together to achieve the goals of the APOGEIA project and to complete the proposed activities and their associated deliverables in a timely manner under the financial limitations.

Industrial Involvement

APOGEIA includes significant industrial involvement, with 9 major companies participating in all the reasarch activities  WPs (6 to 11). Following APOGEIA results, we also expect that SMEs will exploit the TNA experimental facilities for testing components. We present below the list of SME’s that have strong exchanges with the APOGEIA partner and could profit from the existence of the program. The Joint Research Activities in APOGEIA focus on the development of prototypes and networks for the next generation of instruments, led by research organizations, and their application to the society via a specific innovation effort. 
On the longer run, industrial involvement will be required for the implementation of some of the technologies developed in APOGEIA. So, this organizational scheme will naturally strengthen the already existing link between forefront research and technological development in universities and research organizations and industry. The industrial involvement in APOGEIA is therefore a crucial component for the exploitation of the results of the development of cutting-edge technologies.

Other countries

All APOGEIA participants requesting EU funds are eligible for such funding. US and Asia institutes will participate as third party with an in-kind contribution, at no cost for EU.
 
3.4	Resources to be committed
The total eligible costs of APOGEIA amount to 10.000 k€ of EC contribution for a total of XXX person-months.  With more than 200 people involved, APOGEIA represents the largest network of researchers in Europe, active in both fields of Astroparticle Physics and Geoscience, aiming at multidisciplinary science and towards convergence of their communities. T
The most relevant resources in the RA budget costs are devoted to creating the infrastructure for the next observatory generation and to developing innovative instrumentation and tools for multidisciplinary applications for the benefit of Society. Furthermore, these RAs are strongly linked together and to the other activities, namely the WP2 to WP5, and with experimental infrastructure (facilities), see Section 3.1 for details. 
The budget assigned for transversal WPs  of the level 1,5 M€, corresponding to an excellent level of offer. .The interactions between the APOGEIA project and the scientific community and the general public will further be supported with a good portion of the APOGEIA budget, with a total of 1 M€ for the networking activities including public outreach and Art and Science activities. 

Management. The management costs foresee the support of the APOGEIA Project Office. The total EC requested amount for the Project Officer and the financial assistant (3 FTE years) are 240 k€ of personnel costs. The above personnel costs are charged to the Coordinator, the Project Scientist, including one financial assistant; plus grants for project control and quality assurance, and outreach/dissemination support. The travel costs also cover the coordination of the activities among participants, attendance of progress meetings and internal audits. The management team will also assist the works of WP2 and WP3 in organising schools and conferences.
Research activities. Of the order of  8,5 M€ 

Two clarifications are in order:

 Calculation of the EU funds per partner. These funds have been calculated by using a “standard” cost of 4,6 k€ per month, augmented by 15% for travelling and 25% of overhead. They are presented in the table below. The precise cost per month of course varies from country to country and institution to institution. The final person-month number will be the subject of adjustments in case of success of the proposal, keeping the overall envelop stable.

In kind contributions. Given the multiplicity and the importance of the partners, it is obvious that the ambitious program developed above cannot be accommodate with the number of person months that can be covered from the indicative funds available from EU program (10 M€). The partners volunteered thus to provide in-kind contributions, in order to serve with the best possible way the goals of the program. Nevertheless, in order to avoid confusion, the person months reported at the table 3.4a concern only the demands to Europe. Nevertheless the partners made a first estimate  of the in-kind  contributions necessary and available. Here below, They are not specified by partner, although there engagements quite specific. They will be finalized in the case of success and in view of the contract agreement. 
1. WP1 (management) extra 12 PM in kind are needed and will be provided by EGO
2. WP2-WP3  will use part of the PM of WP1 and also demand extra 6 PM from the organizing institutions
3. WP4, extra 12 PM will assist the outreach and art and science program  
4. WP5   nearly 12 PM  for industrialisation/sustainability
5. WP6-WP11  estimate to be provided


Budget distribution per partner




Table 3.4a: 	Summary of staff effort

	
	WP1
	WP2
	WP3
	WP4
	WP5
	WP6
	WP7
	WP8
	WP9
	WP10
	WP11
	Total P/M
per Participant

	Participant 1/
UcL
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 2/
Ughent 
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 3/ 
IEAP/CTU
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 4/
CNRS
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 5/
IPGP
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 6/
UdP
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 7/
CEA
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 8/
GFZ 
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 9/
KIT
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 10/
NCAC AstroCeNT 
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 11/
ING/PAN 
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 12/
NOA
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 13/
NCSR-Demokritos 
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 14/
EGO
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 15/
INFN
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 16/
INGP
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 17/
Wigner RCP 
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 18/
U-Radbood/utrecht
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 19/
LIP
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 20/
TNO
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 21/
STS
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 22/
CSIC
	
	
	
	
	
	
	
	
	
	
	
	

	Participart 23
CS DS
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 24
Boulby
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 25
Silixa
	
	
	
	
	
	
	
	
	
	
	
	

	Participant 26
SURO
	
	
	
	
	
	
	
	
	
	
	
	

	PArticipant 27
Landsvirkjun
	
	
	
	
	
	
	
	
	
	
	
	

	Total P/M
	
	
	
	
	
	
	
	
	
	
	
	



Table 3.4b:	‘Other direct cost’ items (travel, equipment, other goods and services) (EXEMPLES)


	Participant Number/Short Name:

	Cost (€)
	Justification


	Other goods and services
	48000
	Funds for organisation of workshops in WP2. They will be distributed to the organising institution after the decision of the Collaboration Board and the advice of the Scientific Committee 

	Total
	48000
	

	Participant Number/Short Name
TNO
	Cost (€)
	Justification


	Equipment 
	49000
	Hardware components for a fiber hydrophone array: Pressure vessel (1), pressure hose(2), fiber lasers (2x3), interrogator components (photodiodes, ADC boards, interferometer, battery/power block), mechanical deployment structure

	Total
	49000
	



	Participant Number/Short Name:
UGent
	Cost (€)
	Justification


	Travel & subsistence for trans-national access (if applicable)
	5000
	Missions to Naples, to (1) contribute to operations and maintenance of the MURAVES detector on Mt. Vesuvius, (2) data analysis work in collaboration with the INFN-Naples team.

	Total
	5000
	



	Participant Number/Short Name:
UCLouvain
	Cost (€)
	Justification


	Travel & subsistence for trans-national access (if applicable)
	5000
	Missions to Naples, to (1) contribute to operations and maintenance of the MURAVES detector on Mt. Vesuvius, (2) data analysis work in collaboration with the INFN-Naples team.

	Total
	5000
	





Annex I
Declaration of intentions for WP5

PROMETEO: Domenico Lo Presti (INGV Catania)
●	Partners: UNICT, INGV-Catania, WIGNER RCP (+ Etna Park Authority support)
●	Duration: 3-4 years
●	Objectives: Construction of an Etna Muography Observatory in the summit crater complex. Correlation of muography results with data from the sensor network, mainly deformation and seismic sensors, already installed by INGV.
●	Deliverables: Etna South-East crater muography and deformation sensors joint monitoring and report.
●	Funding requests:
–	Materials and instrumentation: 240 k€
–	Cost of contracts of non-employees, specifically to recruit:
●	Three-year research contract (RTD-A) 153: k€
●	Ph.D. 60 k€:
●	Overheads: 70 k€

Dezso Varga (Wigner RCP) 
●	Proposed work: Volcanology at Sakurajima and Etna
●	Collaborators: UniTokyo, UniCatania + others (?)
●	Deliverables: Benchmark sites characterization? Common understanding of hardware?
●	Company:	(Japanese companies but probably not as partners...)
●	Funds: 36 kEUR	Person month: 12
●	Proposed work: Surface-based structural imaging (archeology, geoscience)
●	Collaborators: UniTokyo, UniCatania
●	Deliverables: Structural imaging of medieval castle (Buda in Hungary and/or Mussomelli in Sicily); of ice-age remnant "tor" formations
●	Company:	Muon Solutions (Finland)
●	Funds: 18 kEUR	Person month: 6
●	Proposed work: Underground structural imaging (geosciences)
●	Collaborators: UniTokyo, + others

Giulio Saracino (for INFN/INGV)
●	Proposed work: study of the Vesuvius
●	Collaborators: INGV (Osservatorio Vesuviano section) and INFN ( Florence and Naples sections)
●	Deliverables: provide muographic images of the Vesuvius, increase sensitivity and noise rejection, gravimetric and muographic joint inversion
●	Eventual companies: none
●	Funds needed:
–	person months: we need at least 36 months of post doc/contract for data analysis and 36 months for hardware construction and detector maintenance.
–	Hardware: design and construction of Cherenkov detectors for background rejection. New sensors and electronic boards for the up-grade of the actual apparatus at the Vesuvius.
●	Proposed work : Site and infrastructure characterization and monitoring
–	Collaborators:	INFN ( Florence and Naples sections)
–	Deliverables: Geophysical characterization of sites
–	Eventual companies: TECNO-IN
–	Funds needed:
●	person months: 24 months of post doc/contract for data analysis and 24 months for hardware construction and detector
●	Hardware: design and construction of detectors.

Giulio Saracino, Raffaello D’alessandro, Bonechi Lorenzo, Giovanni Macedonio
 Michael Tytgat (Ghent)
●	Proposed work/interests:
–	Development of reference tool set for volcano muography : full simulation chain (muon transport, detector ...), data reconstruction, image reconstruction (2D-3D)
–	Development of light-weight, low power muography hardware, possibly including Cherenkov technology
–	Studying the use of ML in image reconstruction, especially 3D imaging of volcanoes, but also interest in archaeological sites
●	Collaborators:
–	Volcano related studies within Muraves collaboration
–	Hardware development in collaboration with UCLouvain, Belgium and INFN
●	Deliverables:
–	Abovementioned reference tool set;
–	ML study deliverable to be discussed (e.g. publication, comparative study between different image reconstruction techniques ?);
–	Prototype of light-weight detector hardware & feasibility (simulation) study of additional Cherenkov technology
●	Funds:
–	person months: 24 months for standard tool development & ML based image reconstruction; 24 months for hardware development
–	hardware: 50-100kEuro detector prototyping

Jakub Ciazela (Institute of Geological Sciences, Polish Academy of Sciences)
●	Proposed work : volcano activity monitoring and ore formation (high-temperature geological processes)
–	Concerning the volcano activity monitoring, we will investigate ascents and descents of magma in two active Italian volcanoes, one explosive (Stromboli) and one effusive (Etna). First studies of this kind have been recently published on Japanese volcanoes (e.g., Hiroyuki et al. 2014: Satsuma-Iwojima, Olah et al. 2019: Mt. Sakurajima) and are based on density differences between gas-saturated magmas (<2 g/cm3) and country rocks (2.5–3.0 g/cm3). The more volatiles in the magma and the more explosive is volcanism the higher is the density contrast with the country rocks.
–	Ore deposits have not yet been prospected using muon radiography but this should be feasible in mountainous areas. Metalliferous ore minerals such as pyrite, chalcopyrite, or pyrrhotite exhibit densities of 4.0–5.5 g/cm 3, which are considerably more than densities of the host rocks (2.5–3.0 g/cm3). Large ore deposits such as Rio Tinto in the Iberian Pyrite Belt (Spain) are massive (homogenous) on a hundred-meter scale (Martin-Izard et al., 2015), which makes them detectable by muon radiography and suitable for our pioneer study.
–	In addition, detection of underground targets such as caves and lava tubes in planetary field analogues such as those on Iceland may be of contextual importance for future human missions to Moon or Mars. Caves and lava tubes provide best protection against solar wind and cosmic rays.
–	Potential collaborators: INGV (IT), CAMK (PL)
–	Deliverables: 2 or 3 articles in international geosciences journal
–	Funds needed: 24 or 36 personmonths and no hardware

Andreas Haungs (KIT)
●	Proposed work : Cosmic-Ray Detectors at adv.Virgo, as part of a future monitoring system at Einstein Telescope
●	Objectives :
–	Part of environmental control and noise mitigation
–	Study of disturbances by cosmic rays on mirrors and interferometer
–	Develop network of scintillator based monitoring detectors
–	Install and test at Virgo
–	Integrate concept in monitoring system of ET

●	Milestones :
–	Tests of muon telescope at IP2I
–	Installation of muon and air shower monitoring system at Virgo
–	Data integration and conceptual design for ET

●	Partners : IP2I, but also EGO and probably some more
●	Contribution :	mainly building large-size SiPM-scintillator or Cherenkov detectors for telescopes
●	Companies :	could include developments on monolithic SiPMs
●	Funds needed 1 Postdoc, Hardware could be mainly own contribution
 

Andrea Gianmanco (UCL)
●	Proposed work : volcanology, methods developments
●	Concerning the activities of my team:
–	MURAVES analysis and simulation
–	Development of a portable RPC detector.
●	Collaborators : MIMA in Florence, natural sinergy with companies (IRIS Instruments, Muon Solutions Ltd, etc.)
–	ML developments
 

MONRAD Proposal:
●	Partners: UNICT, WIGNER RCP, Civil and Software Engineering Companies
●	Duration: 2 years
●	Objectives: Non-invasive buildings’ stability monitoring by muons tracking.
●	Deliverables: Stability report and modeling on a historical building (+civil buildings or infrastructures and hydrogeological surveys)
●	Funding request:
–	Materials and instrumentation: 200 k€
–	Cost of contracts of non-employees, specifically to recruit a Two-year post-doc grant: 72k€
●	Overheads: 50 k€
●	Deliverables:   Structural imaging for mining applications (ore prospecting, granite / formation contact)
●	Company:	Muon Solutions (Finland)
●	Funds: 54 kEUR	Person month: 18
●	Proposed work: Underground dynamical/temporal imaging (mining, hydrothermal)
●	Collaborators: UniTokyo
●	Deliverables:   Mine recultivation / tunnel stability monitoring demonstration, ground water dynamics
●	Company:	Muon Solutions (Finland)
●	Funds: 36 kEUR	Person month: 1
●	Proposed work: Electric arc furnance (EAF) imaging (at Outokumpu, Tornio plant)
●	Collaborators: (Muon Solutions)
●	Deliverables:   EAF internal structure imaging, graphite electrode wearing, density inhomogenity quantification
●	Company:	Muon Solutions (Outokumpu??)
●	Funds: 18kEUR	Person month: 6
 
Jacques Marteau (for CNRS)
●	ARCHEORIENT proposal :
–	Underground dynamical/temporal imaging (archaelogy, hydrogeology)
–	Collaborators: CNRS (IP2I, LGL-TPE), ENS Lyon
–	Deliverables: Archaelogical survey. Ground water dynamics
–	Company:	IRIS (instruments)
–	Funds: 120 kEUR	Person month:	24
●	SOUFRIERE proposal :
–	Volcanology in Lesser Antilles
–	Collaborators: CNRS, IPGP (?)
–	Deliverables:	joined analysis methods (seismic + muons)
–	Funds: 30 kEUR	Person month:	12
●	LINDENBROCK proposal :
–	Volcanology in Iceland
–	Collaborators: CNRS, Université de Lyon, IMO, Carol Müller
–	Deliverables:	Snaëffelsjökull + satellites volcanoes internal structure imaging
–	Company:	MUODIM (consulting)
–	Funds: 100 kEUR	Person month:	12
 

Hector Gomez (CEA)
●	Activity 1 : POC & industrialization of muon tomography compact instrument for geoscience applications
-	Irfu is working since 4 years in a compact Time Projection Chamber capable to fit in boreholes in order to perform 360o muography measurements specially for geoscience applications.
-	Nowadays the concept has been proved in a laboratory test-bech, but the prototype must be upgraded to be capable to operate on-site, for example developing a more compact readout system.
●	Collaborators : CEA / Irfu
●	Deliverables :
-	First TPC-based muography instrument prototype capable to operate on-site
-	Proof-of-concept measurements
●	Companies : IRIS Instruments for the conception of the final version, choose of the proof-of-concept measurement site and potential industrialization.
●	Activity 2 : New analysis techniques for 2D muography and 3D muon tomography
- Considering the wideness of the muography applications, new analysis techniques based on Artificial Intelligence, Machine Learning and Digital Image Processing needs to be developed to improve the performance of the technique, the quality of data exploitation and the analysis time, both for 2D and 3D reolution
●	Collaborators : CEA / Irfu, ...
●	Deliverables :
-	Analysis tools based on Digital Image Processing for 2D muography
-	Algorithm for 3D muon tomography of objects from single muography measurements
●	Funding (for both activities) :
●	Personnel : 1 ETP during 2 years to coordinate and develop Activity 1 and 2
●	Hardware : 150 kEuros (TPC Prototype, DAQ development) + 50 kEuros (Computing resources, Software, ...)

 
Common
●	Proposed work: Hardware development of muography instrumentation
●	Collaborators: (many, probably a joint Task)
●	Deliverables:	Hardware solutions (including opto R/O, DAQ, Cerenkov etc), characterization, comparative studies
●	Company:
●	Funds: 18 kEUR	Person month: 6
●	Proposed work: Methodological development on muography
●	Collaborators: (many, probably a joint Task)
●	Deliverables:	Software solutions including ML, characterization, comparative studies → certification ?
●	Company:
●	Funds: 18 kEUR	Person month: 6

All the proposed activities can be enclosed in the Muon Radiography Working Package. However we consider that all the activities related to “Data Analysis and Machine Learning” could be encompassed in a transversal Working Package (could be named Data Analysis and Machine Learning as well) which could improve the interconnection between the already existent Working Packages. Moreover we will be interested to participate in the coordination of the Muon Radiography Working Package (as coordinator, deputy coordinator, etc)

● Common fundings rules = 3kEUR x PERSONMONTH
 PROPOSALS – Common
Methods
Targets 
●	Volcanology (Etna, Vesuvio, Soufrière, Iceland etc)
●	Undergound sites
●	Archaelogical edifices
●	Atmosphere physics + GW
●	Industrial app. (mining+prospection)
●	Hardware developments :
●	Cerenkov + tracker solutions
●	Integration
●	Portable detectors
●	Soft : Inversion technics
●	Soft : ML → link with WP “Data Analysis and Machine Learning”
●	Joined analysis / Comparative studies
●	Characterization / Certification
ANNEX II Art and Science

1. Bioindicators
An overview in this Nature article for the overall concept of bioindicators. It’s interesting that the article begins with the image of the canary in the coalmine - it made me think about Stavros' referencing the recurring appearance of birds in The Odyssey... i.e. the idea of animals as signalling broader shifts has been around for aeons. It makes timely sense, then, to artistically and speculatively explore scientific correlates with a longstanding philosophical and cultural idea of animals as sentinels or messengers of a kind.

We read the term 'bioindicator' broadly - as nonhuman organisms (or populations) capable of signalling some kind of environmental shift or pressure, e.g. 
· through bioaccumulation (as the net accumulation of a contaminant in or on an organism from all sources including water, air, and diet) -noting, as well, that this accumulation can also happen in nonliving biological bodies like the spider's web (see references in section below).
· through behavioural shifts  - often focusing on growth and reproduction patterns … A broader reading of behavioural shifts is, I think, is where Tomás is interested in focussing his speculations, i.e., 
· How can shifts or particularities in the growth or movement of nonhuman entities (animal, plant, cloud??) signal or correlate with broader atmospheric or geological shifts? How can paying attention to nonhuman bodies offer us a greater sense of environmental or other broader climate shifts?
· This question is particularly relevant for species, like spiders, with sensory capacities that are wildly different to our own, and who are better attuned to the vibrational shifts that often elide direct capture by our human senses (and for which we require elaborate scientific apparatuses).

0. Nonhuman sensors, more-than-human sensing and Indigenous forms of environmental knowledge
2.a. Alongside the scientific field of bioindicators/biomonitoring is an emergent field in transdisciplinary media studies and nonhuman studies on the work of ‘nonhuman sensors’. These include:
·  the kinds of distributed environmental technological sensors that APOGEIA will produce as part of its research plan, but also
· critical studies into how nonhuman entities might also function as environmental sensors, with a well-known case study being that of lichen.
· A prominent researcher in this field is Jennifer Gabrys, e.g.
· Her work on lichens and animals as sensors: https://www.tandfonline.com/doi/full/10.1080/09528822.2018.1483884;  and 
https://www.researchgate.net/publication/312633866_Animals_as_Sensors_Environmental_Sensing_Technology_and_the_Making_of_a_Computational_Planet 
· Paper on sensing practices: https://journals.sagepub.com/doi/full/10.1177/0162243919860211 
· Book on distributed environmental sensing and the making of a computational planet: https://www.jennifergabrys.net/2016/03/program-earth-environmental-sensing-technology-making-computational-planet/ 

2.b. Coupled with this, the transdisciplinary field of more-than-human sensing explores the possibilities of thinking sense outside the hegemonic prism of visual sense we humans tend to privilege (or indeed, the other human senses). 
· On this, I wrote a text for the concert that Tomás created at the end of 2020 with Festa di Roma and EGO/ Wanda Diaz-Merced on the possibilities of sensing otherwise across the cosmos: https://arachnophilia.net/wp-content/uploads/2020/12/HAPTIC-ASTRONOMY-FINAL-TEXT-2.pdf
· If interested, I also wrote a lyrical essay on more-than-human sensing for a panel on this topic I was invited to for a conference at Uni Potsdam earlier this year: https://www.academia.edu/58989934/More_than_human_sensing_as_relational_praxis_speculative_propositions_for_sensing_with_sensing_otherwise 

2.c. Aligned to this shift in thinking more widely about the possibilities of environmental sensing, there’s also a greater emphasis being placed on Indigenous forms of knowledge about environments and their multispecies inhabitants, or about planetary cycles. The two examples we discussed on Monday night included:
· The research project which used descriptive questionnaires to try to capture knowledge held by Mayan Indigenous farmers about traditional weather forecast methods: https://www.frontiersin.org/articles/10.3389/fsufs.2021.618453/full 
· The other example we gave was more in the realm of human-animal communication, and involved a really beautiful, longstanding bird-human cooperation in locating and sharing wild honey, see: https://www.sciencedaily.com/releases/2016/07/160721151059.htm 

0. Spider/webs [and insects] as bioindicators?
3.1. There have been a number of studies already published that explore how spiders and their webs might function as bioindicators. As predators, spider bodies might offer evidence of bioaccumulation (e.g. see Riparian spider studies), but, as a number of studies have pointed out, their webs are also indicators of heavy metal pollutants, etc.
· REFS:
· Spider webs and heavy metals/ air pollution: https://www.mdpi.com/2071-1050/12/19/8066; https://www.shs-conferences.org/articles/shsconf/abs/2018/18/shsconf_infoglob2018_02011/shsconf_infoglob2018_02011.html 
· Riparian spiders: http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0304-35842017000200058 

Further, I think Tomás is interested in exploring how shifts in spider behaviour, particularly web-building behaviour, might signal changes in both micro and macro environments -- this, in turn, drawing from folk/traditional ideas about how spider/webs signal storms or other weather events, observations which I understand have also been somewhat borne out by scientific observation (e.g. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4233696/; https://pubmed.ncbi.nlm.nih.gov/9284492/ ). The question, then, is what else is the spider sensing? Earthquakes? Gravitational waves? 

3.2 Lately, we have been thinking-with the only known vegetarian spider, Bagheera kiplingi, whose diet switched to plant fruiting bodies as an advantageous response to an existing ant-acacia mutualism on the trees in which it resides. See:
https://www.theskinofthings.org/symbiotic-skins-metabolic-schema 

Here, Tomás is arguing, why don’t we also think of B. kiplingi as a bioindicator of a kind - signalling to us a need to review our diets and eating habits in adaptation with our own environments; to think of diet in terms of mutualistic relations? At the very least, B. kiplingi offers an alluring model for a recursive and productive relationship of environmental sensing and adaptation!

3.3 I mentioned a paper on insects (and invertebrates) as models for investigating anthropogenic noise pollution: https://royalsocietypublishing.org/doi/pdf/10.1098/rspb.2013.2683; https://journals.sagepub.com/doi/pdf/10.1177/1741659017751223

I also mentioned  some interesting papers on bees as bioindicators … The idea that Colony Collapse Disorder is a kind of canary in the coalmine for environmental collapse is not new, and there are a number of papers along these lines, e.g. http://www.bulletinofinsectology.org/pdfarticles/vol56-2003-137-139celli.pdf
There’s also research on how bees’ vibrational signalling can be interfered with by anthropogenic noise, and how induced vibrations might help to prevent bees from engaging in risky interactions with anthropogenic pollutants (e.g. using mechanical vibration devices on the substrate/surface of beehives to train or encourage bees not to forage in fields freshly sprayed with pesticides…): https://link.springer.com/article/10.1007/s13592-011-0016-x; https://www.frontiersin.org/articles/10.3389/fphy.2021.670555/full


STUDIO TOMAS SARACENO

Studio Tomás Saraceno (STS): With a practice at the junction of art, cosmological, environmental, biological  and  social sciences, Tomás Saraceno established his studio https://studiotomassaraceno.org/ in Frankfurt am Main in 2005. Studio Tomás Saraceno (STS) relocated to Berlin in 2012 in the former administrative building of AGFA in Berlin-Rummelsburg, an expansive site of ca. 7000m2. A core team of ninety studio members from different disciplinary backgrounds—including scientists, designers, architects, anthropologists, biologists, engineers, art historians, curators, and musicians—work directly with Saraceno in the studio’s hybrid environment to create floating sculptures,interventions in nonhuman worlds, community projects and interactive installations that propose and explore new, sustainable ways of inhabiting and sensing the environment and the cosmos, and interconnections among and between. STS will lead the art+science endeavour of APOGEIA, and contribute to the collective understanding of APOGEIA research and data through an artistic process, including developing a conceptual framework for a final artistic exhibition in year three. 
The studio structure embeds two core research pillars: Aerocene—focused on explorations of the possibilities of fossil-fuel flight (achieving in 2020 six world records for the most sustainable flight in human history), activated by a global community (of 6 continents in 43 different countries), including citizen scientists who have cooperated in the launch of 103 tethered flights, 16 free flights, 8 human flights and over 4700 virtual flights with the Aerocene App; and Arachnophilia—devoted to speculative and interdisciplinary forays into the vibratory and entangled umwelten of spider/webs, driven by strong, ongoing research collaborations with scientists, ethologists, and others. In and through these collaborative, research-focussed communities, STS has realised major projects, publications, citizen science apps and outreach events with partners including EGO, CNES, EAPS, MIT natural history museums in Paris, Buenos Aires, Sydney, Frankfurt and London, and arachnology departments across the globe. STS has realised over 200 exhibitions, both solo and collaborative, at the intersection of art and science. STS projects have received widespread media coverage, including cover of New York Times (2018). 

Tomás Saraceno was born in Argentina, and lives and works in and beyond the planet Earth. Tomás Saraceno’s interdisciplinary artistic practice is elevated by the concepts linking art, architecture, natural sciences, astrophysics and engineering. Enmeshed at the junction of these worlds, his floating sculptures, community projects and interactive installations propose and explore new, sustainable ways of inhabiting and sensing the environment. Saraceno’s work is included in the collections of Bauhaus Museum, Weimar; MoMA, New York; SFMOMA, San Francisco; Walker Art Center, Minneapolis; Nationalgalerie, Staatliche Museen zu Berlin, Berlin, and has most recently exhibited at the 58th International Art Exhibition - La Biennale di Venezia as part of May You Live In Interesting Times and the Palais de Tokyo in Paris for his Carte Blanche exhibition ON AIR. Select residencies include the Centre National d’Études Spatiales, MIT Center for Art, Science & Technology (CAST) (ongoing), and Atelier Calder. His transdisciplinary methods include ongoing research collaborations with a host of key scientific institutions, including: MIT (MIT EAPS; MIT CAST; MIT Dept of Engineering through ongoing research with Dept Head, Prof Markus Buehler), and EGO (through Prof Stavros Kastanevas), etc. Saraceno’s interdisciplinary practice has generated a number of scientific publications: he has published in the fields of material science and biotremology, 3D visualisation and arachnology, and analyses of his interdisciplinary practice have twice appeared in esteemed Nature journals. His practice has attracted the attention of prominent, internationally-renowned theorists whose work articulates a sociology and archaeology of interdisciplinary scientific practices, including Bruno Latour and Jussi Parikka. 
While each of Saraceno’s large-scale and immersive exhibitions are at the crossroads of art and science, one can cite recent examples that are demonstrably connected to the themes and infrastructures of APOGEIA. These include the exhibition ‘Gravity’ at the Museum MAXII  in Rome (2018-2018);  https://www.maxxi.art/events/gravity-luniverso-dopo-einstein/; the exhibition ‘On Air’, at the Palais de Tokyo, Paris (2018-2019) https://www.palaisdetokyo.com/fr/evenement/air — the museum’s most visited exhibitions on record; the exhibition ‘The Rhythm of Space’, in Museo de la Grafica, Pisa (2019-2020);  https://sites.ego-gw.eu/ilritmodellospazio/; the exhibition Aria at the Palazzo Strozzi in Florence (2020) https://www.palazzostrozzi.org/archivio/mostre/tomas-saraceno-aria/. Each of the aforementioned installations embeds a conceptual framework that explores cosmological webs, gravitational wave neutrino and cosmic ray detectors, and their embeddedness within and relationships with both the geosphere and atmospheric circulations. 

Ally Bisshop was born in Australia, and lives and works in Berlin. She is a researcher working across the intersection of art and applied sciences, and the theoretical and philosophical questions that link these disciplines. A dual background in the sciences (B.Sc. Hons. 1 Microbiology/Molecular Biology, Univ. Queensland, Brisbane, 1999) and the arts (Ph.D., Visual Arts/Philosophy, National Institute for Experimental Arts, UNSW Sydney, 2018) informs her research approach, and the tools and concepts it engages. Her research trajectory articulates a proven capacity to move between dialogues, methods and ideas across the arts and sciences. Since 2008, Ally has worked as a Research Assistant to various academics undertaking transdisciplinary art+science collaborative research through UNSW Art and Design, Sydney and the National Institute for Experimental Arts —including supporting research in robotics, immersive cinema, and holographic research. Since 2017, Ally has worked as a Senior Researcher within Studio Tomás Saraceno’s interdisciplinary Arachnophilia laboratory— working to support the creation of research narratives that bridge the scientific, philosophical and aesthetic elements of Saraceno’s practice, especially as they relate to multispecies entanglements in the context of the Anthropocene, the collapse of species diversity and devastating shifts in climate patterns. With Saraceno, she has published on his work on sonic interventions into the vibrational world of spiders, and his collaborative efforts with MIT to digitally interrogate the webbed world of spiders. She has also assisted Saraceno in programming interdisciplinary symposia that bring together diverse perspectives (artistic, scientific, philosophical, ethological) to speculate about the implications and entanglements of more-than-human phenomena.

· Spider Web Scan: a novel, pioneering method and apparatus that allowed, for the first time, 3-D digital models of complex spider webs. Realised through interdisciplinary collaboration with the TU Darmstadt, continued research through collaboration with MIT. See also: Su, I., Qin, Z., Saraceno, T., Krell, A., Mühlethaler, R., Bisshop, A., & Buehler, M. J. (2018). Imaging and analysis of a three-dimensional spider web architecture. Journal of the Royal Society Interface, 15(146). https://doi.org/10.1098/rsif.2018.0193
· Aerocene App, incorporating real-time information from 16-day forecasts of wind speeds at different altitudes, the Aerocene App is a navigational tool used to plan journeys in the Aerocene epoch. The Aerocene App is based on STS’ Float Predictor online digital tool developed in collaboration with Lodovica Illari, Glenn Flierl, and Bill McKenna from EAPS MIT together with MIT CAST, with further support from Imperial College London, Radioamateur, and the UK High Altitude Society.
· Arachnomancy App  is a freely available digital tool for enhancing analogue modes of connecting with spiders and webs, building on spiders’ vibrational sense capacities. Images that users take and upload populate a dynamic digital map of global spider/web biodiversity, with webs and species categorised by STS Arachnophilia. The vibrational communication tool of the arachnomancy app draws from the Arachnophilia Biotremology Archive of spider/web vibrations. See also: Saraceno, T., Bisshop, A., Mühlethaler, R., & Krell, A. (2019). Arachnid orchestras: Artistic research in vibrational interspecies communication. In  Biotremology – Studying Vibrational Behavior. Eds: Hill, P.S.M., Lakes-Harlan, R., Mazzoni, V., Narins, P.M., Virant-Doberlet, M., Wessel, A.
· Publication, spider webs and cosmos: Saraceno T., Jäger P (2012) Unser Kosmos ist (fast) wie ein Spinnennetz. Natur Forschung Museum 142(5/6):220–227
· Publication, spiders in space: Saraceno T., Wulff C, Steineck D, Jäger P, Zschokke S (2010) Spider webs in science, art and space – an interdisciplinary project on 3D-visualisation. In: Zabka M (ed) Book of abstracts. University of Podlasie & International Society of Arachnology, 18th International Congress of Arachnology, Siedlce, p 394 Arrhenius S, Saraceno T (eds) (2011) 14 Billions (Working Title). Skira Editore, Milano

· The exhibition ‘Gravity’ at the Museum MAXII  in Rome (2018-2018);  https://www.maxxi.art/events/gravity-luniverso-dopo-einstein/.
· The exhibition ‘On Air’, at the Palais de Tokyo, Paris (2018-2019) https://www.palaisdetokyo.com/fr/evenement/air.
· The exhibition ‘The Rhythm of Space’, in Museo de la Grafica, Pisa (2019-2020);  https://sites.ego-gw.eu/ilritmodellospazio/.
· The exhibition ‘Aria’ at the Palazzo Strozzi in Florence (2020) https://www.palazzostrozzi.org/archivio/mostre/tomas-saraceno-aria/.
· The exhibition ‘How to entangle the universe in a Spider Web’ at Museo de Arte Moderna, Buenos Aires (2018),  https://www.museomoderno.org/en/exposiciones/tomas-saraceno-how-entangle-universe-spider-web.
· The exhibition ‘14 Billions: working title’ at Bonniers Konsthall, Sweden (2010), https://bonnierskonsthall.se/en/product/tomas-saraceno-14-billions-working-title-2/.



ANNEX III  Infrastructures

	Current infrastructures*

	
Name of the infrastructure (and its installations, if applicable): Laboratori Nazionali del Gran Sasso (LNGS)
Location (town, country) of the infrastructure: Assergi, Italy
Web site address: http://www.lngs.infn.it
Annual operating costs (excl. investment costs) of the infrastructure (€): 8M€
Description of the infrastructure: The Gran Sasso National Laboratory (LNGS) is one of four INFN national laboratories. It is in operation since 1988. The underground facilities are located on a side of the 10-km long freeway tunnel crossing the Gran Sasso Mountain, Italy. The underground laboratory is accessible by car or van. The laboratory consists of three large experimental halls, each about 100 m long, 20 m wide and 18 m high, and service tunnels. The 1400 metre-rock thickness above the Laboratory represents a natural coverage that provides a cosmic ray flux reduction by about a million times, moreover, the neutron flux is thousand times less than on the surface, thanks to the smallness of the Uranium and Thorium content of the dolomite rocks of the mountain.
Underground Halls are equipped with all technical and safety equipment and plants required in order to run large and complex experiments and to ensure proper working conditions. Today the Gran Sasso Labs are equipped with fully active Safety Management System and Environmental Management System. The permeability of cosmic radiation provided by the rock coverage together with the huge dimensions and the impressive basic infrastructure make the Laboratory unmatched in the detection of weak or rare signal which are relevant for Astroparticle, sub-Nuclear and Nuclear Physics. 
The Mission of the Laboratory is to host experiments that require a low background environment, the main research topics of the present scientific program are: Neutrino Physics with neutrinos naturally produced in the Sun and in Supernova explosion, search for neutrino mass in Neutrinoless Double Beta Decays, Dark Matter search, Nuclear Reactions of astrophysical interest, associate sciences including Environmental Radioactivity for Earth Sciences, Geophysics, Fundamental Physics, Biology. 
Excellence of the LNGS is an ultra-low level radioactive counting facility, to test materials for 3rd generation experiment. 
Services currently offered by the infrastructure:The Gran Sasso Laboratory is a leading laboratory in the world for particle and Astroparticle physics, thanks to the very low-level of radiation, the large area available for scientific installations and the easy access by car. The laboratory infrastructure encompasses additional research facilities (e.g. LNGS 3.5 MV underground accelerator) and services to users and experiments: high-sensitivity gamma-ray spectrometry; chemistry laboratory; electronic workshop; clean rooms; mechanical workshop. These features of the infrastructure, together with the wide expertise available on low-background techniques, enable users of LNGS to carry out top-quality research, in the field of particle and Astroparticle physics and in all science applications requiring an underground and/or low-radiation environment (geo-sciences, biology, etc.). Among these infrastructures a special mention deserves the LNGS underground facility STELLA (SubTerranenan Low-Level Assay) where construction materials used for the realization of detectors and set-ups are screened for their radioactive impurities using alpha, beta and gamma-ray spectrometers. Continuously upgraded with state-of-the-art technology, this Laboratory was later partnered at LNGS with two Inductively Coupled Plasma Mass Spectrometry (ICP-MS) installed in the Chemistry Service and Chemical Plants (SCIC) laboratory above ground: a quadrupole mass analyzer ICP-MS, purchased in 2001, and a double focusing mass analyzer high resolution ICP-MS, operating since 2010. Both instruments are installed in an ISO6 class clean room, equipped with dedicated auxiliary instrumentation and clean ancillary for the sample treatment.


	Name of the infrastructure (and its installations, if applicable): KM3NeT
Web site address: http://www.km3net.org/
Description of the infrastructure:  KM3NeT is a new Research Infrastructure with a cabled network of deep-sea neutrino detectors in the Mediterranean Sea. The neutrino detectors consist of large three-dimensional arrays of optical modules – pressure resistant glass spheres with ultra-fast and very sensitive photo-sensors. The optical modules are supported by mechanical structures called detection units  anchored in the deep-sea and linked to shore with a network of cables for electrical power and high-bandwidth data communication.Three deep-sea sites are part of the infrastructure, KM3NeT-Fr, off-shore Toulon (France), KM3NeT-It, off-shore Portopalo di Capo Passero (Italy) and KM3NeT-Gr, off-shore Pylos (Greece). The construction of neutrino detectors is currently ongoing on the Italian and French sites, with detectors respectively dubbed as ARCA(KM3NeT-It) and ORCA(KM3NeT-Fr).. Data are continuously streamed via the public internet to the data repository and computing centres in Lyon, Bologna and in South-Italy. The administrative headquarters of the KM3NeT RI are located in Amsterdam, The Netherlands. As cabled observatories with permanent connection to the shore, the high power and bandwidth facilities provided by the infrastructure will also allow for continuous, long-term and high-frequency monitoring of environmental parameters with multiple sensors being operated in the same location. With the progressive coming online of the KM3NeT detectors in the upcoming years, a wealth of multi-parameter data will become available for Earth and Sea science studies.
KM3NeT-It/ARCA, Laboratori Nazionali del Sud (LNS), INFN
Location (town, country) of the infrastructure:Catania and Portopalo di Capo Passero (SR), Italy
Annual operating costs (excl. investment costs) of the infrastructure (k€): 350 k€
This infrastructure hosts the high-energy node of the KM3NeT, ARCA, providing also access for deep-sea marine science. The infrastructure comprises an onshore station and a sea-floor network, with two main electro optical cables (MEOC) and a set of junction boxes, to which the ARCA detector elements are connected, allowing for power feeding and data transfer from the sea depths to shore. The infrastructure is managed and operated by INFN, under the jurisdiction of the Laboratori Nazionali del Sud (LNS) of INFN that provide maintenance of the infrastructure with its personnel. 
The on-shore infrastructure, located in Portopalo di Capo Passero (SR), host all the equipment to operate the ARCA detector (power feeding system, GPS, DAQ servers, storage, switches, optical devices). A dedicated large bandwidth (10 Gb) fibre connection between the shore station, and the LNS main building in Catania allows for real-time control of the experimental apparatus and fast data transfer.The offshore part of the infrastructure consists of three main sections: two MEOC cables, Cable Termination Frames (CTF) and a constellation of Junction Boxes (JB),together with submarine electro-optical interlink cables.The first MEOC is about 100 km long and is equipped with 20 optical fibres and a single copper conductor, using seawater as ground return. Power is transmitted in DC. The MEOC seafloor termination is equipped with a Cable Termination Frame equipped with 5 electro-optical ports. The second MEOC is equipped with 48 optical fibres and 2 conductors for DC power transmission and will be installed in 2020.
Services currently offered by KM3NeT-It/ARCA: Access for user to the infrastructure is provided free of charge. Different kinds of access to the infrastructure are possible: access to the underwater infrastructure with the connection of dedicated instrumentation to the deep-sea electro-optical connections; access at the on-shore infrastructure to the real-time data stream; access to pre-analysed data. In this respect, KM3NeT is developing an Open Access policy to the data. Support offered to the users includes: dedicated support and necessary infrastructure (e.g. space for assembly and test of equipment, space in the control room for readout electronics), accommodation during the installation and operation of the equipment, offices and internet access, etc The on-shore infrastructure in Portopalo di Capo Passero also has a large volume hyperbaric chamber that is available for testing of equipment intended for use at large water depths.
KM3NeT-Fr/ORCA, CNRS
Location (town, country) of the infrastructure:La-Seyne-sur-mer, France
Annual operating costs (excl. investment costs) of the infrastructure (k€):210 k€
This infrastructure, managed and operated by CNRS, hosts the low-energy node of KM3NeT, ORCA, primarily aimed at fundamental neutrino physics studies. The deep-sea installation site is located at 42°48’ N 06°02’ E,  about 40 km off-shore Toulon (France), at a depth of about 2450 m. A high-speed electro-optical network is installed on the seabed to provide power and data transmission to/from the infrastructure. The infrastructure is connected to shore via two main electro-optic cables (MEOCs). Each MEOC supplies three nodes and each node hosts eight user ports. The two MEOCs are connected to a power station at Les Sablettes beach of La Seyne sur Mer. From there a land cable runs to the shore-station at the Institut Michel Pacha. In the shore station, the data are transmitted via a 10 GB/s link to the KM3NeT data repository at the computing centre in Lyon.It is foreseen that in the future the shore station will be relocated to a new CNRS institute on the Ifremer campus at La Seyne sur Mer. The first phase of the KM3NeT-Fr seabed infrastructure was completed early 2019; it comprises one MEOC to shore, one node, six KM3NeT/ORCA-style detection units and a single line hosting a variety of oceanographic sensors.
Services currently offered by KM3NeT-Fr/ORCA:The French site is a node of the EMSO (European Multidisciplinary Seafloor and water column Observatory; http://emso.eu/) network and offers the possibility to connect monitoring and instrumentation modules directly developed by CNRS laboratories or other institutes around the world. Already operative is an autonomous instrumentation line (ALBATROSS), which transmits its data acoustically to the first junction box and provides measurements of pressure, temperature, conductivity, dissolved oxygen, suspended matter and sea currents along the water column. A secondary junction box will soon be connected to host a broadband seismograph, a stereo biocamera, a gamma-ray detector and a benthic crawler. The infrastructure is also open access for external users - in this case the access costs will contribute to the general maintenance of the RI and cover the incurred costs for the operation of their specific equipment.

KM3NeT-Gr, Pylos Site
Location (town, country) of the infrastructure: Kalamata, Pylos and Methoni (GR)
Annual operating costs (excl. investment costs) of the infrastructure (k€):40 k€
This infrastructure is the Greek site of KM3NeT. The site will host neutrino detectors in a later phase (Phase 3) of the project. Currently, there are office spaces and electronics laboratory in Kalamata, a mechanical workshop including two high-pressure test vessels and storage space in Pylos, including instrumentation for deep-sea deployments. A counting room exists in Methoni where the sea floor network comes to shore. There exists a MEOC cable deployed in 2000 down to ~3500 m depth, which was later on damaged at around the 26th km of length. Currently there are 18 optical fibers, which up to that point are intact, and have been recently used for DAS measurements for seismic activity detection. These initial measurements were successful, and these dark fibers can be readily used in a constant basis. The personnel needed to support these activities is part of the permanent personnel of NCSR Demokritos. 
The plans for the immediate future is to use the site as a testing ground for acoustic measurements in the deep sea with the goal of establishing a large scale acoustic observatory in the deep sea.
Services currently offered by KM3NeT-Gr:Access for users wanting to perform DAS studies and measurements in the 18 dark fibers of the MEOC will be available during the whole duration of the project.


	Name of the infrastructure (and its installations, if applicable): LSM Laboratoire Souterrain de Modane
Location (town, country) of the infrastructure: Carré Sciences, 1125 route de Bardonnèche,73500 MODANE 
Web site address: http://www.lsm.in2p3.fr/
Annual operating costs (excl. investment costs) of the infrastructure (€): 188k€
Description of the infrastructure: The Laboratoire Souterrain de Modane is a deep-underground facility operated by the LPSC, a Mixed Teaching and Research Unit, affiliated to the National Nuclear and Particle Physics Institute (IN2P3) from the French CNRS, as well as to the Université Grenoble-Alpes. It is a national research platform of IN2P3. Located in the middle of the Fréjus highway tunnel between France and Italy, it is covered by a 1700 m rock overburden (4800 meter-water-equivalent) that reduces the cosmic rays flux to 5 muons/m2/day, the lowest value achievable in a laboratory in the EU. This provides an unique environment for experiments requiring extremely low levels of radioactive backgrounds. The neutron fluxes in the facility have been exhaustively monitored: they are less than 2x10-6 n/cm2/s (thermal) and 4x10-6 n/cm2/s (fast). The average radon activity is 15 Bq/m3, and the facility is equipped with a filtering plant to provide a 120 m3/h flux of air with an activity reduced to 15 mBq/m3. The laboratory has a volume of 3500 m3. It is accessible by road, and equipped with electricity, water cooling, and internet network. The LSM is hosting experiments devoted to the study of neutrinos via zero neutrino double beta decay (SuperNEMO, CUPID-Mo, TGV) and the direct search for dark matter (EDELWEISS, NEWS-G, DAMIC-M, MIMAC). In addition to these international collaborations, the LSM hosts a gamma-ray spectrometry facility comprising 16 germanium detectors, and a variety of multidisciplinary experiments in the domain of biology, material sciences and geosciences. 
Services offered by the infrastructure: Road access to an experimental area (3500 m3) for fundamental or applied research activities requiring very-low radioactive background: cosmic ray flux of 5 muons/m2/day (2D map of flux available), neutron flux <2x10-6 n/cm2/s (thermal) and 4x10-6 n/cm2/s (fast).
Radon filtering plant providing 120 m3
/h flux of air with a radon activity of 15 mBq/m3.
Access to electrical, internet and water cooling network.
Gamma-ray screening facility with very-low background Ge detectors.
Support for cryogenic fluid operations.
Clean room
Oversight of safety procedures and use of radioactive sources.

Name of the infrastructure: GEODYN geophysical observatory at LSC
Locations of the infrastructure: Paseo de los Ayerbe s/n, 22880 Canfranc-Estación (SPAIN)
Web site address: https://lsc-canfranc.es/en/geodyn-exp-07-2009-2/
Annual operating costs (excl. investment costs) of the infrastructure (€):  630k€
Description of the infrastructure: The GEODYN geophysical observatory, integrated in the Laboratorio Subterráneo de Canfranc (LSC),  has three components, GNSS, strain and seismic,  designed to cover the whole geodynamic spectrum, from near-field seismicity to tectonic deformations, Earth tides or Earth-core nutation. GNSS data is gathered by two CGPS receivers and processed at the University of Barcelona. Laser interferometers are designed and managed by the University of Salerno. The seismic component, composed of a broad-band seismometer and an accelerometer, is managed since 2008 by the ICTJA-CSIC team in Barcelona.
In September 2018, an official agreement document has been signed between the LSC and the C.S.I.C. in order to regulate the scientific exploitation of the data recorded by the seismic instruments located in the Geodyn facility. This agreement will provide a legal framework to the ongoing collaboration between both institutions.
The LSC is the second largest deep underground scientific laboratory in Europe. It is run by a Consortium of the Spanish Ministry of Science, Innovation and Universities, the Government of Aragon and the University of Zaragoza. The LSC is part of the Spanish network of ICTS (Unique Scientific and Technological Facilities). 
Services offered by the infrastructure: The LSC offers to researchers from all over the world the opportunity to carry out cutting-edge science on fundamental physics, astrophysics as well as geophysics, biology and, environmental science in its facilities of unique characteristics. In fact, at the LSC the underground facilities, shielded from the natural cosmic rays’ radiation, open the possibility to discover phenomena happening with a very low probability. At present, the main scientific program at LSC is focused on direct detection of dark matter and neutrino physics, specifically on neutrinoless double beta decay. The LSC also develops experiments related to geophysics and biology.

Name of the infrastructure (and its installations, if applicable): Black Forest Observatory (BFO)
Geowissenschaftliches Gemeinschaftsobservatorium 
des Karlsruher Instituts für Technologie und der Universität Stuttgart
Location (town, country) of the infrastructure: Heubach 206, 77709 Wolfach, Germany (48.3301 °N, 8.3295 °E)
Web site address: http://www.gpi.kit.edu/english/BFO.php   http://doi.org/10.5880/BFO
Annual operating costs (excl. investment costs and salaries) of the infrastructure (€): 110k€
Description of the infrastructure: The Black Forest Observatory (BFO) is a joint research facility of the Karlsruhe Institute of Technology (KIT) and the University of Stuttgart. Since 1971 it is operated in cooperation of the geophysical and geodetic institutes of both universities. BFO is manned with two senior scientists and one technician. Main activities of the observatory fall into four categories, which are 1) observation and publication of a continuously recorded multi-parameter geodynamic data set, 2) research, 3) hosting of guest-experiments, and 4) teaching.
The location of the observatory (48.3301 °N, 8.3295 °E) in the middle of the Black Forest was carefully selected at large distances to potential anthropogenic sources of noise. The instruments are deployed in a former silver mine in competent granite rock at a depth of up to 170 m below the surface and at up to 700 m distance from the entrance of the mine. This provides a thermally very stable environment. Two air-locks provide additional protection against air-pressure variations and ensure thermal stability. Because of these favourable conditions and the excellent high precision instruments operated at BFO the observatory is internationally well known as one of the most sensitive sites for long period observations, providing international standards for the scientific community, e.g. for recordings of Earth's free oscillations. 
The Black Forest Observatory operates broad-band seismometers (STS-1 and STS-2), gravimeters (superconducting gravimeter SG056, LaCoste Romberg earth-tide gravimeter ET-19), tiltmeters (Askania borehole tiltmeter, Horsfall fluid tiltmeter), an array of three invar-wire strainmeters, magnetometers (GSM-90 Overhauser magnetometer, three Rasmussen fluxgate magnetometers) and a permanent GPS-station. These are supplemented by regularly repeated magnetic base-line measurements and observations of absolute gravity as well as the recording of several environmental parameters (air-pressure, infrasound, humidity, wind speed, precipitation, temperature). Some of the latter are used to correct geodynamic recordings for remaining disturbances. The data are published in near-real-time through international data centres (IRIS DMC at Seattle, SZO at the BGR in Hannover, Intermagnet in Edinburgh, GNSS data center at the BKG in Frankfurt, IGETS data base at GFZ Potsdam). The recordings are used by many research groups around the globe. Data is made available free of charge to scientific projects as well as to the general public (Black Forest Observatory 1971).
An extended review of research at BFO is given by Zürn (2014).

Services currently offered by the infrastructure: The Black Forest Observatory (BFO) provides a test bed to validate sensors for measuring smallest amplitude acceleration signals. It provides test vaults in an extremely well shielded low-noise environment in direct comparison with well-established reference sensors. Conditions are in particular favourable for studies of instrumental self-noise. 
The long-standing experience of BFO researchers with such experiments, provides a stimulant environment for guests visiting BFO. Guests may receive training in methods of instrument quality assessment, like three channel correlation analysis, in the application of data correction methods.
BFO is internationally renowned for its low detection threshold for small amplitude signals of gravity and inertial acceleration (Nettles and Ekström 2010). Data recorded here currently contributes to the definition of the low-noise envelope at long-periods in the Global Seismic Network (Berger at al. 2004). The location has therefore been included in the search for Newtonian and seismic noise levels possibly limiting future gravitational wave observatories (Berker et al, 2011). BFO data recently was used in the search for Compact Dark Matter Objects (Horowitz and Widmer-Schnidrig, 2020). 
The observatory provides access to test vaults, which have repeatedly challenged new sensor technology in a direct comparison with excellent and well-established observatory instruments. To mention a few examples, former test cases at BFO contributed to the development of superconducting gravimeters (Richter et al. 1995), to seismometers with interferometric displacement transducers (Otake et al. 2005, Berger et al. 2014), to the broad-band seismometers being deployed on planet Mars during the InSight mission (Lognonné et al. 2019), and recently to a challenge of high-performance long-period seismometers offered on the market by internationally leading manufacturers (Davis 2019). 
Research at BFO has repeatedly contributed to lower signal detection level and to develop methods of signal correction (Forbriger 2007, Zürn et al. 2007, Zürn and Widmer 1995, Zürn and Wielandt 2007), which allow to separate signal contributions of different origin (deep Earth, atmosphere, magnetosphere, oceans), such that the sensitivity to deep Earth signals was increased. With the long-standing background of this research being carried out since five decades, the observatory provides an excellent ‘ecotope’ to study the properties of new sensors for fluctuations of gravitational field in detail, to establish their level of performance, and to test methods of separating different components of the recorded signal as is necessary for any approach to signal correction. 
For typical guest experiments instruments are installed in one of the vaults of BFO for a time period of several months. Guest researchers provide their sensors, data acquisition and sensor shielding. BFO provides a vault, electrical power, internet access and digitizer timing. The BFO personnel is on-site and can support the experiment by maintenance operation during its run-time, if maintenance requests remain within reasonable limits.



	Name of the infrastructure (and its installations, if applicable): LSBB
Location (town, country) of the infrastructure: La grande combe 84000 Rustrel, France
Web site address: https://lsbb.cnrs.fr
Annual operating costs (excl. investment costs) of the infrastructure (€): 350 k€
Description of the infrastructure: The LSBB is a CNRS Underground Research Laboratory (https://lsbb.cnrs.fr), a ground and underground installation in an area with low anthropogenic background noise dedicated to interdisciplinary research and development. Located in the village of Rustrel in Provence (Vaucluse, France), within the Luberon Regional Natural Park, the LSBB is one of the quietest underground laboratories in the world, with some of the lowest seismic and electromagnetic noise levels. It has a network of galleries of ~ 4 km long with horizontal access cutting in 2D through a karst reservoir with a maximum depth of 500 m. This environment provides an ideal configuration which attracts a wide range of national and international researchers to study the critical zone, the hydrodynamics of a large hydrogeological system and provides a perfect test ground for high sensitivity detectors, while allowing the detection of rare events and/or processes with low amplitude related in particular to hydrogeology, rock mechanics, seismology, physics, atmospheric physics and the proper noise of instrumentation
Services currently offered by the infrastructure: Access provided for basic and applied research activities, which require low surrounding background noise (mechanical, pollution, acoustic and electromagnetic) with the commitment of the users to preserve this environment taking into account the other experiments already in progress
Access to Internet, energy, GPS time underground and across the surrounding mountain for joint ground- and underground experiments.
Multi-physics monitoring of the physical environment of the activities



	Name of the infrastructure: European Gravitational Observatory (EGO)
Location (town, country) of the infrastructure: Via Edoardo Amaldi  56021 S. Stefano a Macerata (Pisa), Italy
Web site address: https://www.ego-gw.it/public/about/WhatIs.aspx
Annual operating costs (excl. investment costs) of the infrastructure (€): 9,2 M€
Description of the infrastructure: EGO, was created 20 years ago by the “Centre National de la Recherche Scientifique” (CNRS), and the Italian “Instituto Nazionale di Fisica Nucleare” (INFN). The NIKHEF Laboratory (Netherlands) joined in 2007 with an observer status. EGO’s goal is to ensure the long-term scientific exploitation of the Virgo antenna for gravitational waves detection as well as to foster European and global collaboration in the field. More specifically, the goals of EGO are: a) the construction, maintenance, operation and upgrade of the Virgo interferometer and the site infrastructures, including a computing and data centre; b) the representation of the consortium at the regional, national, European and global level; c) the promotion of interdisciplinary studies, research and development, industrial applications, education, citizen’s science, communication and outreach. The scientific responsibility of the Virgo antenna is assumed by the Virgo collaboration. Today, the Virgo collaboration counts more than 500 members, with participating scientists and engineers from over 30 laboratories and a total of 99 institutions from France, Italy, Belgium, The Netherlands, Poland, Hungary, Spain and Germany. Virgo is an L-Shaped interferometer with two arms  3-km each in extreme vacuum; through which laser beams propagate, reflected by mirrors placed at the two opposite edges, isolated from seismic vibrations and from the atmospheric environment by inverted pendulums.  The gravitational wave signals of cosmic origin need to be distinguished from noise caused by terrestrial seismic movements, atmospheric pressure variations, cloud passage, sea waves, acoustic and electromagnetic noise, anthropogenic movements (trucks, trains, windmills, helicopters, …). In order to do so the Virgo collaboration and the EGO personnel have to develop state of the art technology on many fronts. These are:  a) state of the art laser injection system as well as a state-of-the-art detection and protection system, including sensors and baffles to control stray light, producing noise and, in the squeezed quantum state regime, de-coherence; b) ultra-high vacuum in the two 3 km tubes (P<10-9 Torr, the highest volume vacuum in Europe for Virgo and second in the world after the LIGO antenna’s having 4km tubes); c) extreme quality mirrors (Reflection> 99.999%, optical absorption < 1ppm, flatness < 0.5 nm, scattering < 10 ppm); d) super-attenuators damping seismic vibrations (<10-12 seismic reduction); e) a sophisticated distributed network of sensors to evaluate and subtract environmental background: electromagnetic perturbations, non-stationary ground deformations, sea waves, cloud passage, electromagnetic waves, cosmic rays, acoustic noise vibrations, anthropogenic movements; f) advanced quantum sensing techniques (frequency squeezing) taking the measurement errors below the quantum limit; g) a sophisticated distributed and intelligent system of feedback controls and state of the art data analytics, machine and deep learning methods. The above make EGO, an interdisciplinary and technological hub, open to interdisciplinary collaboration, with Geoscientists (INGV, IPGP, Atmospheric Scientists and Ecology scientists with the University of Pisa  and data science experts, from low latency distribution of alerts, to state of the art data analytics and machine and deep learning techniques of data analysis. Ego has also a developed Computing Centre, closely connected to the European ESFRI project (ESCAPE).
Services currently offered by the infrastructure:  The expertise of EGO and Virgo has been developed in the previous section. More specifically in APOGEIA, EGO would exchange with the members of the consortium on monitoring low frequency environmental noise (e.g. seismicity), through distributed sensors or fiber DAS systems, the development of quantum sensors, low latency alerts and machine learning techniques through its specific experts. There are 4 technical departments at EGO ranging from geodesy and industrial building noise monitoring, to vacuum expertise, laser injection systems and environmental noise hunting. Last but not least EGO has an experienced IT department, with expertise on handling of large data and plans in the context of a European program (AHEAD2020) to develop a mirror site to the US LIGO for open data access. The main task in APOGEIA would be the exchange of expertise and interoperability of this database with geoscience databases. 




	
Name of the infrastructure (and its installations, if applicable):  Corinth Rift Laboratory  (CRL) ;  Near Fault Observatory of Corinth, EPOS
Location (town, country) of the infrastructure: Greece
Web site address: http://www.crlab.eu 
Annual operating costs (excl. investment costs) of the infrastructure (€): 60k€
The Corinth near-fault observatory  is set in the most seismically active  region of the Mediterranean area, with 10,000 events recorded every year, covering an area of about 50 km x 50 km on the western rift of Corinth. It consists of about 60 permanent, mostly telemetered geophysical stations for monitoring seismicity, tectonic strain, and  external forcing: broaband and short period seismometers and accelerometers; GNSS stations; borehole strainmeters; meteo stations; tide gages. The Observatory is run by a Consortium associating between French (CNRS) and Greek (NOA, Univ. Patras, Univ. Athens) laboratories, which all contribute to maintenance of the equipment, to the telemetry, and the data services

Services offered by the infrastructure: Continuous waveforms are available through the EIDA node and EPOS,  and advanced data  (earthquake catalogues, maps, …) are available through the website. The high level of tectonic strain and of seismicity, combined with the availability of the records in real time, makes CRL an ideal place for testing new geophysical instrumentations, on-land and off-shore, as well as methodologies for source or structure studies. 

Name of the infrastructure (and its installations, if applicable): IceCube
Web site address: http://icecube.wisc.edu
Annual operating costs (excl. investment costs) of the infrastructure (€): 10M$
Description of the infrastructure: The IceCube Neutrino Observatory (icecube.wisc.edu.science) consists of IceCube, a one km³ neutrino telescope installed at a depth of 1.5-2.5 km in the polar ice at South Pole. This is an extremely interesting region of the geosphere, particularly interested by climate change effects. IceTop, is a 1 km² extensive air shower detector at the surface, which has sensitivity to the most energetic solar flares. IceCube, which was completed in 2011, consists of 5160 optical modules at 86 strings. The full Phase 1 upgrade, fully financed, will introduce seven strings of optical modules at the bottom center of the 86 existing strings, adding more than 700 new and enhanced optical modules. They will extend IceCube scientific capabilities in the energy range of few GeV. This will also augment the potential of IceCube for atmospheric science. By collecting atmospheric muon fluxes, IceCube is capable of monitoring the atmospheric temperature with sub-degree precision. IceCube also measures atmospheric neutrinos from all over the globe also bringing information on atmospheric changes and also on the tomography of the core of the Earth. IceCube has also observed anisotropies in cosmic ray muons detected for the first time cosmic neutrinos. In a multi-messenger study around the direction of a PeV-energy neutrino, gamma-ray telescopes detected a flaring blazar TXS 0506+056, which has been identified as the first evidence of a cosmic ray source, producing gamma-rays and neutrinos from accelerated matter. The collaboration consists of about 300 scientists from 52 institutions, in 12 countries of which 5 are in Europe. IceCube is recording about 250,000 atmospheric neutrinos per year above 100 GeV and about 3’000 muons per second and has online filters, which provide about 10 Hz of muon data. IceCube is partner of the Supernova Early Warning Network (SNEWS https://snews.bnl.gov).
Services offered by the infrastructure: IceCube has many MoUs active with other collaboration for dedicated multi-messenger studies. IceCube data are currently proprietary but the Collaboration releases the high-level data from many analyses after publications (see e.g.  https://icecube.wisc.edu/science/data, where also a tool release page is accessible). For special analyses, experts can be registered as associated members, get access to more recent data and appear as authors on the paper to which they contributed. IceCube provides alerts online (https://icecube.wisc.edu/science/data/realtime_alerts), also distributed by the astronomical alert system GCN and by AMON(https://gcn.gsfc.nasa.gov/amon.html).



	Name of the infrastructure: Krafla Magma Testbed (KMT) at Krafla Power Station
Locations of the infrastructure: Krafla Power Station, 660 Mývatn (ICELAND)
Web site address: https://www.kmt.is
Description of the infrastructure: The Krafla Magma Testbed (KMT) began in 2009, when the government-owned Icelandic company Landsvirkjun serendipitously hit rhyolite magma at ~900 °C at a depth of only 2100 m, while drilling inside the Krafla caldera in the frame of the ICDP (International Continental Scientific Deep Drilling Project) named IDDP-1 (Mortensen et al., 2014). This was one of the extremely few such encounters ever recorded, and by far the best documented and most investigated. Following the discovery of magma at such a modest depth, an international coalition of scientists and engineers has been assembled to establish a long-term natural laboratory, or ‘testbed’, to take full advantage of this important discovery — the Krafla Magma Testbed (KMT) (www.kmt.is). It is a shared belief that the developments and advance from KMT in its four pillars – fundamental science, geothermal energy, volcanic hazards, and technologies for extreme environments – are expected to be of the quality and magnitude such to usher in a new era of Earth Sciences, both basic and applied. KMT aims at creating a large international infrastructure in Earth Sciences where unique scientific observations and experiments and advanced research are complemented by industrial developments in the field of clean, renewable, highly efficient “near-magma” energy production systems and developments and testing of new technologies for extreme environments such as an intra-crustal magma body or the Venus surface. KMT is expected to provide unprecedented advancements in fundamental and applied geophysics: current projects and planned proposals in the context of KMT foresee a heavy concentration of advanced technologies including the most sensitive broad-band seismometers, relative and absolute gravimeters, optical fibers, electromagnetic and acoustic sensors, geochemical devices, etc.; the most sophisticated high-P high-T labs from the scientific and industrial sectors, and the most advanced computational centers to model the 4D coupled magma-rock-geothermal system dynamics; and involve a growing number of PhD and post-PhD projects across the fields of science, technology, and industry. 
Services offered by the infrastructure:
KMT invites researchers with aligned interests to come visit the Landsvirkjun power station at Krafla and use lodging and dining facilites (as available) while conducting work in the Krafla field. Landsvirkjun employees will also facilitate operations in the field using tools and machines available.
As an example of unique opportunities offered by KMT, and one that is foreseen as a technological and scientific element under APOGEIA: the availability of tens of geothermal wells run by partner Landsvirkjun, some of them extending to km depths, about half of them currently not productive, and the expertise put together in this project allows us to experiment muon detection at depth and use it to image the overlying rock layers hosting geothermal circulation, and in perspective, the shallow and active magma chamber(s), providing a unique dynamic view for the first time directly inside intra-crustal magma and its associated geothermal system.
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