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Abstract

The KM3NeT Research Infrastructure will, over a period of at least a decade, produce a large amount
of unique scientific data that are to be made available to the scientific communities concerned and
to the broader general public. This requires the set-up of tools, procedures, documentation and rules
to provide this service. For all aspects of the open data access system, including data processing
methods, data structure, access and usage examples, sufficient documentation for the effective use
of the open data must be provided. In this document, the documentation strategy for the different
components is described.
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KM3NeT is a large Research Infrastructure that will consist of a network of deep-sea neutrino
telescopes in the Mediterranean Sea with user ports for Earth and Sea sciences. Following the
appearance of KM3NeT 2.0 on the ESFRI roadmap 2016 and in line with the recommendations of the
Assessment Expert Group in 2013, the KM3NeT-INFRADEV project addresses the Coordination and
Support Actions (CSA) to prepare a legal entity and appropriate services for KM3NeT, thereby providing
a sustainable solution for the operation of the research infrastructure during ten (or more) years. The
KM3NeT-INFRADEV is funded by the European Commission's Horizon 2020 framework and its
objectives comprise, amongst others, the preparation of Open Data Access (work package 4).
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IX. Executive summary

The KM3NeT Research Infrastructure will, over a period of at least a decade, produce a large amount
of unique scientific data that are to be made available to the scientific communities concerned and to
the broader general public. This requires the set-up of tools, procedures, documentation and rules to
provide this service. For all aspects of the open data access system, including data processing methods,
data structure, access and usage examples, sufficient documentation for the effective use of the open
data must be provided. In this document, the documentation strategy for the different components is
described.
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1. Introduction

KM3NeT is a large Research Infrastructure (RI) that will consist of a network of deep-sea neutrino
detectors in the Mediterranean Sea with user ports for Earth and Sea sciences. The main science
objectives, a description of the technology and a summary of the costs are presented in the Letter of
Intent for KM3NeT 2.0 [1].

KM3NeT will open a new window to our Universe, but also will forward the research into the properties
of neutrinos. With the ARCA telescope, KM3NeT scientists will search for neutrinos from distant
astrophysical sources such as supernovae, gamma ray bursts or active galactic nuclei. Using the exact
same technology, the ORCA detector will provide data of unprecedented quality on neutrino
oscillations, extracted from measurements of neutrinos generated in the Earth's atmosphere. Arrays
of thousands of optical sensors will detect the faint light generated in the deep sea by charged particles
originating from interactions of neutrinos with atomic nuclei. The facility will also house
instrumentation for Earth and Sea sciences for long-term and on-line monitoring of the deep-sea
environment and the sea bottom at a depth of several kilometres [2].

The KM3NeT Collaboration has developed a data management plan [3] reflecting the research,
educational and outreach goals of the facility. From an open-access perspective, the data management
plan also is set up such as to be compliant with the FAIR (Findable - Accessible - Interoperable -
Reproducible) data principles, which were specifically designed to enable and enhance the reuse of
scholarly data by third parties [4].

Efficient use of the KM3NeT open data by users who are not members of the KM3NeT Collaboration
will require complete, self-contained and continuously maintained documentation of the data with all
related aspects, such as access methods, software, example programs and scientific background. In
this document, an overview over different approaches to documentation of open access data is given
as starting point for a documentation strategy. Documentation relies on the one hand on metadata
definition as introduced by the IVOA [5], and incorporates on the other hand software application
documentation standardized for common development as driven by the ESCAPE project [6]. In
KM3NeT, the different levels of open access data call for a multi-layer approach to documentation,
including reference documents and e-learning tools. The path to generation of these various sources
of documentation is described in the last part of this document.
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Figure 1: Open access data levels in KM3NeT [7]

2. Objects of documentation

The KM3NeT Collaboration will produce scientific data products through the generation of high-level
data consisting of samples of events obtained through processing the filtered data by software
applying calibration procedures, identifying events (such as neutrino reactions) and reconstructing
their parameters (such as the neutrino directions and energies). As introduced in Deliverable 4.5 [7],
KM3NeT open data access can be divided into different access levels, see Figure 1.

2.1. Open access data products

High-level data will be arranged into versioned datasets containing reconstructed events, where each
event includes all relevant parameters related to event classification, reconstruction and detector
running conditions. In order to evaluate the expected event yield for an assumed neutrino flux for a
given scientific scenario, these data sets are accompanied by sets of simulated events that reproduce
the detector response for the given data taking periods and particle interaction types. Both measured
and simulated event samples are expected to be made public within the European Open Science Cloud
(EOSC) currently under development in the ESCAPE project [6]. Publication follows closely the
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standards set up by the International Virtual Observatory Alliance (IVOA) [8], helping open access data
providers and users from the science community to find, share, access, and use data from different
observatories through the Virtual Observatory, see Figure 1.

Every scientific analysis performed with these data will require a dedicated optimisation of the event
selection based on the reconstruction and classification parameters, and therefore produce a specific
subset of the full high-level event sample as derived data product related to a specific scientific
scenario or publication.

From a documentational point of view, an implementation of the FAIR principles requires the provision
of full information for usage of the open data. However, depending on the data product, two levels of
data publication can be distinguished.

2.1.1. Reduced astrophysics event data

As a minimum requirement for data publication, KM3NeT particle detections can be described by
providing galactic coordinates per particle detection, which can be augmented by adding energy
estimates, errors on reconstruction parameters and further parameters relevant to detector state and
particle detection. Descriptions of these parameters can be provided e.g. within the Virtual
Observatory protocols. Here, no deeper documentation of event generation, processing and detector
principles is required, and documentation can be limited to describe data components and detection
principles and conditions without the need to provide the user with the full information about data
processing on a user level.

2.1.2. Full event data

If event information is published not only on the level of reconstructed particle parameters, but is to
include full information of photon detection within the optical array, a full understanding of photon
generation, detection and event reconstruction algorithms becomes necessary. This level of data
access is no longer included in the Virtual Observatory regime, but requires additional standards for
software documentation, metadata structures, and data models and data sharing. Efforts to harmonize
open data standards between the different ESFRI projects is currently underway within the ESCAPE
project.

2.2. Data usage

Implementation of the FAIR principles must ensure the reproducibility of the high-level data
processing. Documentation must thus provide both information on the data components and the
processing software and workflow. Also, from a user’s perspective, tools to access, use and display the
information contained in the data must be provided and be well accessible. Therefore, an extensive
documentation including usage examples have to be provided both for KM3NeT specific software used
in high-level data processing as well as for applications handling the standardized data products of
KM3NeT in a wider physics context. While the task of providing documentation of the KM3NeT-specific
software falls into the full responsibility of the KM3NeT Collaboration, sufficient linkage and
referencing to external software capable of KM3NeT data reading and handling must also be provided.
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3. Documentation approaches

3.1. Documentation in the Virtual Observatory

A thorough documentation of open data is part of the FAIR data principles, which are fully endorsed
in the Virtual Observatory standards that govern data exchange and access in the astrophysics
community. Standardization within the Virtual Observatory builds on internet standards, using HTTP
and XML within the Simple Object Access Protocol (SOAP) or Web Service Description Language (WDSL)
for the description of web services [8]. Standards are discussed and defined within the Virtual
Observatory Alliance, based on the standardization efforts of the World Wide Web Consortium (W3C)
and are published as a combination of text documents, XML schemes and reference implementations.
Resources and services within the VO, i.e. data and interfacing applications, have to comply with the
VO standards. Data resources are accompanied by resource metadata according to the standard data
model, and services follow standard protocols in publishing service metadata to ensure correct
interfaces of all services. All these protocols are accessible and documented within the IVOA, and
resources and services published under the VO regime implement said standards. As compliance with
the VO standards also lies at the core of KM3NeT data publication, they are used as a minimal
benchmark for the KM3NeT data model development and documentation.

3.1.1. Data Model and resource description

Within the Virtual Observatory, standardized identifiers and metadata are allocated both to the
elementary components of a data set and to the complete data set. In case of KM3NeT data, which
uses an event-based data format describing mostly single particle detections within the detector, the
corresponding VO standards are implemented in the Simple Cone Search (SCS), which requires right
ascension and declination as minimum operational parameters. Here, the standard protocols ensure
consistency in the usage of coordinate system and by default refer to well-defined standard
coordinates. Unique identifiers, so-called “Universal Content Descriptors” (UCDs) for standardization
of additional information per data element are provided according to astrophysical data models for
the different astrophysical regimes. In case of KM3NeT, the description of transient observational data
as event-type VO data could be used. However, this standard is primarily developed to describe
measurements of short-term astrophysical phenomena like supernovae and not for single particle
detections. Therefore, an extension of the VO data model to enable a full description of single high-
energy particle detection data as produced by KM3NeT or CTA is currently under development in
collaboration with IVOA members and members of the corresponding experiments within the ESCAPE
project.

Sets of this data are called “catalogs” within the Virtual Observatory and are treated as resources.
Resources as data catalogs are allocated their own set of descriptors, which include information on the
instrument and generation of the data, authorship and additional references. Further standardization
is applied in the registration of the catalog to the VO registry, which acts as a universal pointer to all
available data. On the one hand, the resource description contains information of the available
interfaces to the data, e.g. by providing the possibility for the user to retrieve the data through the
Table Access Protocol (TAP). Furthermore, the data provider itself is registered to act as host for VO
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data to the central VO registry. In order to add a registry of resources to the Virtual Observatory, the
VO protocols must be implemented by the data provider. The KM3NeT Collaboration will act as a data
provider to the VO and will therefore closely follow the VO standards using VO-provided server
protocols and software by running a DaCHS server [9].

3.1.2. Data Access and sharing

For end user access to VO published data, a variety of desktop applications and interfaces have been
developed to retrieve, manipulate and pass on this data. Applications like Topcat [10] for access to
tabled data or Aladin [11], which provides an interactive sky atlas and visualization methods, follow
the Virtual Observatory standards. These software packages are well documented and adopted in their
basic features to the VO regime. Therefore, gaining a fundamental understanding of software structure
and interfaces is possible by following VO documentation. However, for the end user, data access is
the main goal, which is guaranteed through the availability of the tools as open source software and
abundant documentation of the usage of the applications themselves. The tools also allow for
accessing the accompanying metadata to the data catalogues and can display all information shared
in VO-compatible formats like VO Tables or FITS [12].

3.2. Software documentation

KM3NeT software is hosted on an internal GitLab [13] instance and software related to open access
data is planned to be made available as open software. The KM3Pipe framework [15] can serve as an
example reference for the software documentation strategy adopted.

KM3NeT software is required to use technical documentation embedded in the source code like
doxygen [16] or sphinx [17], which auto-generates detailed references and documentation of the full
source code. In addition to that, nomenclature of classes, functions and variables must follow a
standardized format to ensure a consistent code style. This enables easy understanding of specific
software functionalities and adapting of example scripts for a wider use.

Each software package is required to be accompanied by documentation in a wiki or as webpages
hosted on git, which includes a quick start and a basic user manual. Beyond this minimum standard,
the extended software documentation includes example scripts, an extended user guide, description
of the overall software architecture and FAQs as already available in KM3Pipe. A feedback and
development mechanism is already available via GIT, which not only allows for a formalized procedure
to tackle problems, but also serves as a reference for users facing problems.

A Changelog to track all relevant software changes for different software versions is required.
Transparency is ensured as software releases are defined using annotated Git tags consisting of a
version string in a standard format to mark notable stages of the development. The version number
follows the SemVer 2.0 [18] specification. Version numbers and sub-numbers are increased according
to the impact of the changeset. Here, increasing the main version number is used only if backwards
compatibility of the software version is broken, while the sub-numbers indicate introduction of new
features or only minor bug fixes.
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3.3. Repositories & Virtual Education Centre

Beyond description of the individual components of open access data like data elements, catalogues
and user applications, contextualization of the various parts is necessary to create an easily accessible
overview and quick access to the relevant reference material.

3.3.1. Guided tours at the Virtual Education Centre

A general overview over the KM3NeT experiment with introductory material to detector construction,
science goals, data taking procedures and information relevant to the outside scientist is provided in
the Virtual Education Centre [19]. The platform provides e-learning courses both for KM3NeT members
as well as open access courses for both the science community and the broader public. While not
intended as a repository for documentation per se, the platform aims at providing a low-threshold
access to the various scientific resources by providing overview schematics, hands-on exercises and
quizzes for various educational levels. KM3NeT data will thus not only be made available to the expert
scientist but also for high-school education and the interested public.

3.3.2. Standard terminology and glossary

Throughout the open data regime, a multitude of abbreviations and domain-specific terminology is
used. Where applicable, KM3NeT aims to follow community standards in the nomenclature of open
access data components. In case of experiment-specific terms, the KM3NeT Collaboration aims to
standardize the terminology. A glossary of all relevant terms serves as an easily accessible pointer
towards the relevant information on data and software components and is made centrally available
for users of open access data, published software, and the Virtual Education Centre.

3.3.3. Reference documents

Beyond the linked and component-specific documentation of KM3NeT data, also document-based
documentation will be provided to accompany the open-access data components. These include user
manuals made available as online documents, reference publications including descriptions of data
taking procedures, scientific results, event catalogue descriptions, and software reference documents.
These documents will be made available via the KM3NeT webpage, through online scientific archives
like e.g. arxiv.org, or by publication in scientific journals, depending on the nature of the document
and awarded object identifiers (DOIs) [20] where applicable. These documents will be linked from the
various data products, software and e-education resources and made centrally available.

4. Documentation strategy

The strategy to generate open access data documentation consists of creating relevant metadata for
the open data elements, documentation of relevant KM3NeT-specific software, and the provision of
reference documents and education materials to access documentation available outside KM3NeT and
to facilitate the use of the open access data.
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4.1. Data description through rich metadata

4.1.1. Metadata generation and access

Metadata related to data generation, detector status and environmental conditions are stored in large
abundance during data taking. These will be reduced to a minimal number of easy to handle and
descriptive parameters which are added to the event information. In addition to that, data processing,
applied software and the scientific scope of full event datasets, documented as metadata during the
generation of event samples, is made available alongside the full data sets. These are handled
according to VO standards where applicable, otherwise they are either made available via referencing
in the FITS format header or alongside the data sets as external data set description using references
to an extended KM3NeT data model yet to be defined.

4.1.2. Metadata definition

Metadata on the content and use of the KM3NeT data products fall into two categories. On the one
hand, parts of astrophysical data fully fall into the regime of the VO and follow the VO standards, in
which rich metadata usage is key to a thorough documentation. On the other hand, open data which
exceeds the scope of the VO by either its scientific application, being e.g. related to neutrino oscillation
research, or since it contains e.g. detection-specific parameters not describable within the VO, will
have to be allocated regime-specific metadata. This regime-specific metadata will, as minimum, clearly
be defined within the KM3NeT context. However, where applicable, efforts will be made to standardize
this metadata in exchange with the wider science community. Efforts are made to develop these
standards within the ESCAPE project, where both an extension of the VO data model for high-energy
particle experiments is discussed, and a harmonization of data model standards (especially regarding
common features with the CTA data model) is aimed for.

4.2. Usability through user guidelines and references

4.2.1. User manuals and example code publication

As described above, extended software documentation is already provided for a large part of the
KM3NeT software. Here, access to KM3NeT data generally happens beyond the scope of the VO
protocols. While not all software is relevant for users of open access data, the software that is made
available for the end user will be accompanied by example scripts, which come e.g. as Jupyter
notebooks [21]. Within the ESCAPE efforts, it is planned to make this software centrally available and
provide a computing environment where it can be easily executed. Due to the community feedback
functionality provided by the bug tracker mechanism Git Issues [13], the request for specific solutions
for data usage can be easily picked up and documented. Requests via Git Issues can lead to the
implementation of additional user scripts and helps to keep documentation up to date and relevant
for the individual user.
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4.2.2. Reference document as publications

Publications on the general design, detection mechanisms and data management within KM3NeT have
already been made available, e.g. in the Letter of Intent [1] or the data management plan [3]. Various
publications on further aspects of the work of the KM3NeT Collaboration are continuously published
and made available on various document servers according to the publication channel. Linkage to
these reference documents will be assured via the KM3NeT website, through metadata descriptions
to published data sets where applicable, in the online courses at the virtual education centre, and in
the references of software functionalities and packages. These linkages are considered as standardized
procedure within the KM3NeT Collaboration.

4.2.3. Easy accessibility of documentation through the Virtual Education
Centre

The generation of content for the Virtual Education Centre is driven by workshops both for internal
use and for the wider public. Materials, video and audio recordings and exercises from these events
are transformed to online courses and provide links to the relevant background material and example
scripts. In addition to that, further material is published on the Virtual Education Centre, introducing
VO tools through referral to their user documentation and demonstrating the application of these
common tools to KM3NeT open data. The creation of online teaching material is an integral part of
internal and external training events and therefore creation of the content is kept dynamic to reflect
the current status of development and data usage options.
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19: KM3NeT Education Portal (Virtual Education Center). http://edu.km3net.de/

20: The Digital Object Identifier System. https://www.doi.org/

21: Project Jupyter. https://jupyter.org/
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