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Earth and Universe Mul1-Messenger Observatory (EU-MMO)

Proposed project should target gaps in EOSC-hub service offering. 

EOSC hub is a service registry which aggregates groups of services 
developed in previous projects and made visible through a 
centralized “hub”. 

• Among themaDc services, there is no services for astronomy /
cosmology / astropar1cle physics / Earth observa1ons. 

• Among generic services there are services which provide ”FAIR” data 
storage, but there is no service which enables knowledge extrac1on 
from the FAIR data. This has to be done by deployment of “FAIR” 
analysis workflows. 

• There is no service which targets “reproducible research” (possibility to 
trace lineage of results to raw data and model assumpDons and to re-
generate the results).



Data analysis services for mul2-messenger astronomy

Data analysis of telescopes and astronomical messenger detectors 
could now be done on remotely via dedicated services accessible 
via
• Web interface (in a browser)
• Applica;on Programming interface (API) from e.g. Jupyter notebooks
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The idea is to 

• port data analysis of mul;ple telescopes and astronomical messenger detectors into EOSC 

• make them live as services connected to common EU-MMO plaJorm ”mul;-messenger analysis” environment

• enable combina;on of different type of workflows (raw data analysis, post-analysis of spectra, images and 
lightcurves) for specific persistent and transient sources.

• Extract and memorize metadata on workflow structure, interfaces, parameter choices, usage sta;s;cs, and 

scien;fic context. Organize it in a Knowledge Base. Use machine learning to analyse the Knowledge Base content 
to develop in-built “intelligence” and “exper;se” within EU-MMO plaJorm.

• Set up a network of on-the-flight data analysis services, accessible via web interfaces and API and using the 

Knowledge Base to advice users on the choices of parameters, in composi;on of mul;-messenger workflows etc. 



Publica(on services for mul(-messenger astronomy

Data analysis of mul--messenger astronomy is reported through
different types of publica-ons: from rapid “nano-publica-ons” 
(ATEL, GCN, VOEvent, human and machine-readable) to full
scale journal ar-cles, data analysis manuals etc. 
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The idea is to 

• Link cloud-based data analysis workflows deployed through EU-MMO to publica-ons in three different ways: 

• 1) users of EU-MMO could explicitly link data analysis workflows to published results
2) informa-on on astronomical sources and results of data analysis could be extracted automa-cally from
machine-readable nano-publica-ons;
2) informa-on on details on astronomical sources, data analysis and scien-fic context of data analysis could be 
extracted using ScienceWISE text mining engine (currently linked to arXiv.org)

• Extract and memorize workflow metadata extracted from publica-ons and link it to the Knowledge Base.

• Set up a service which uses the Knowledge Base to search for relevant data and iden-fy data analysis workflows, 
and then deploy them  in response to ATELs, GCN, VOEvent and report the results of analysis.

• Set up a “reproducible results” service linking deployable data analysis workflows to scien-fic publica-ons. 



Mul$ple science domains: mul$-messenger astronomy and environmental sciences

The H2020 call imposes that the developed services should be useful not only in 
the ini9al science domain which mo9vated service development, but in mul9ple 
domains. 

Similar trend of por9ng data analysis services online and combining them into 
complex mul9-messenger framework is observed in the Earth Observa$ons 
domain.  

UNEP/GRID-Geneva  (United Na9ons Environmental Protec9on agency joint 
ins9tu9on with the University of Geneva) develops “Live Monitoring of Earth 
Surface” (LiMES) which runs online data analysis services for mul9-wavelength 
satellite imagery which provides monitoring of natural sites protected by 
different conven9ons
• World heritage sites
• Wetlands of interna9onal importance
• UN-REDD (reducing emissions from deforesta9on) sites
The plaTorm will integrate analysis results in UN informa9on sites, share them 
through Group of Earth Observa9ons (GEO) services  and will be also accessible 
to public.  
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The idea is to 

• Integrate Earth Observa9ons use case into EU-MMO plaTorm, and run the same types of services for both mul9-
messenger astronomy and mul9-probe environmental monitoring: 

• Genera9on of Knowledge Base which could be integrated into services to assist users in analysis workflow 
composi9on

• Reproducible results service which will integrate deployable analysis workflows into publica9ons

• Publica9on analysis which will extract details of data lineage and scien9fic context of data analysis workflows from 
publica9ons.

• An important aspect of Earth observa9on services will be in enabling “crowdsourcing” (ci9zen science). 



EU-MMO @ APC + IPGP, outside H2020 proposal context

Most of the relevant mul/-messenger astronomy facili/es are
represented at APC. Development of mul/-messenger 
“added value” data analysis pla?orm at APC (e.g. in the FACE
framework) seems to a useful task (irrespec/vely of H2020 context).

IPGP collects mul/-messenger Earth observa/ons data and runs online 
services for them:
• Seismology (GEOSCOPE)
• Magne/c field monitoring (ground-based sta/ons and from space)
• Airglow monitoring for tsunami predic/on
These data / services could be included in the common added value  
“mul/-messenger” data analysis pla?orm.

Synergies between two types of mul/-messenger services are possible 
(in principle, needs to be assessed):
• Seismology ↔ gravita/onal wave analyses
• Magne/c field ↔ cosmic ray and gamma-ray analysis
• Airglow monitoring ↔ mini-EUSO data.


