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TECHNICAL ANNEX
1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
Scientific challenge: The ChETEC Action will take advantage of the chemical fingerprints left by
nuclear reactions occurring in stars and stellar explosions, the reactions which create the cosmic
elemental variety that shapes life on our planet Earth. The Action will use these fingerprints as tracers
of the processes taking place throughout the universe to solve open problems in both nuclear physics
and astrophysics. The Action will focus on the following major scientific challenges, for which
European facilities will enable breakthroughs in the coming years:
●
Early evolution of the universe:
- the lithium (Li-7) puzzle with respect to big bang nucleosynthesis
- the properties of the first stars and galaxy building blocks
●
Stellar evolution, explosions and the related nucleosynthesis:
- the impact of companion stars in multiple systems on their evolution and nucleosynthesis
- the progenitors and explosion mechanisms of type Ia, core collapse, and rarer, more exotic
supernovae (gamma-ray bursts, electron-capture and pair-instability supernovae)
- the astrophysical site of the rapid neutron capture process (r process)
- the formation of the C13-pocket for the slow neutron capture process (s process)
- the role of neutrinos and their oscillations in explosions and ejecta composition
●
Cosmic and galactic gas composition and evolution:
- the Milky Way chemical evolution and assembly in the Gaia satellite era
- nucleosynthesis product ejection, mixing timescale and inhomogeneities in the ISM
- multi-dimensional and non-equilibrium effects in stellar atmospheres
Tackling these challenges is not possible without a multi-disciplinary approach linking nuclear
physics experiments & theory, stellar evolution & explosion simulations, chemo-dynamical galactic
evolution modelling & astronomical observations. The funding of these fields is, however, separated
by national and disciplinary boundaries. The main goal of this COST Action is to build upon and
extend synergies at the European level between these disciplines (see Figure 1).
Technological challenge: To tackle the scientific challenges described above, key technological
challenges also need to be overcome:
- Observational and experimental techniques require new technology and detectors to push the
frontiers of knowledge (e.g. new plastic scintillation detectors for neutrons, fast timing detector
applications, semiconductor-based photosensors for astronomy and nuclear physics experiments).
- High performance computers have become heterogeneous in architecture (shared/distributed
memory, CPUs/GPUs). It is still not clear how to use them to their maximum capacity.
- Big data, up to TeraBytes in size for a single file, are produced by the latest theoretical simulations.
These need better hardware, new software engineering and data visualisation tools.
- Astronomical observational and nuclear experimental data require complex multi-variate data
analysis and interpretation, for which improved statistical tools are needed.
- Twenty-first century observational programmes produce extremely large datasets with millions to
billions of objects, which need to be stored, accessed and analysed efficiently.
Traditionally, the academic and private sectors work separately on these technological issues with
rare and limited interactions, which drastically limits progress and knowledge transfer. This Action
will remedy this problem by building a cross-sectoral bridge (see Figure 1) that will facilitate bidirectional knowledge transfer and provide a networking platform between different sectors, with a
particular focus on the involvement of small/medium enterprises (SMEs).
Socio-economic challenge: Astronomical observing facilities (large telescopes and satellites) and
nuclear experimental facilities represent billions of Euros of investments. The coordination of the
research that links these large facilities is essential to get the maximum return from these

investments, but is currently lacking. This Action will provide the required coordination by creating a
theoretical framework of analysis for the data obtained at these facilities, accelerating the
dissemination of results between the facilities and related theory groups, network the publicly funded
facilities with SMEs working on related instrumentation and data handling tools, and thus boost their
innovation cycle. In addition to the large European facilities, there are also many small/mid-size
facilities scattered across Europe, which provide highly specialised tools and expertise to
complement the large facilities. Coordination and sharing of their expertise, techniques and
resources is key. This Action will provide the currently missing platform for this.
- The EU and COST Action policies recognise pan-European inequalities and have identified
Inclusiveness Target Countries (ITC). This Action will provide a network of expertise and resources
that ITC researchers will be able to tap into to establish a level playing field across Europe.
- Gender issues will be addressed as an integral part of this Action. The Action will establish a
gender balance strategy and a gender coordinator to oversee its implementation.
Figure 1: ChETEC COST Action
overview flowchart. Boxes indicate
disciplines or sectors; blue discs
indicate Working Groups (WGs).
Major European facilities that will
contribute and also benefit from this
Action are listed in green. WGs 1, 2
and 3 will connect (blue arrows) all
these scientific disciplines and the
facilities to achieve breakthroughs.
WG4 will tackle the related
technological challenges via an
innovative cross-sectoral approach
(red arrow).

The Main Aims of this Action
are to:
1) solve current major open
problems
in
nuclear
astrophysics via a crossdisciplinary approach centred
around
the
chemical
fingerprints left by nuclear
processes in stars and stellar explosions,
2) tackle the related technological challenges via a cross-sectoral approach, and
3) boost the innovation potential of the communities involved and maximise returns on key
investments in nuclear experiment and astronomical observation facilities via a gender-balancepromoting and geographically inclusive networking approach.
1.1.2. Relevance and timeliness
Stars, and stellar explosions (supernovae, SNe, X-ray bursts, Novae) and the origin of chemical
elements (atomic nuclei, strictly speaking) have been studied theoretically and observationally for
many decades (some aspects even for centuries). The foundations of the field of nuclear
astrophysics (also called the “genesis of the elements”), at the root of the chemical fingerprinting
strategy, were laid by Burbidge et al. in 1957. Building on 50+ years of subsequent research, the
processes involved in the element production and the evolution of stellar objects are understood well
enough to be used as probes of the evolution of galaxies and the universe. A prime example is the
contribution of SNIa to cosmology, for which the Physics Nobel Prize in 2011 was awarded. SNIa
actually can only probe the universe up to a redshift of z~2. Type II core-collapse supernova, paircreation supernova and gamma-ray bursts, which will also be studied in this COST Action, have fastliving massive stars as progenitors and are able to probe the universe up to redshift, z~20 (for GRBs),
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with the spectroscopic z record holder, GRB090423 having z~8.2 , corresponding to an age of the
universe of only ~600 million years (compared to the current age of 13.7 billion years). Extremely
metal poor stars provide powerful complementary constraints on the early evolution of the universe.
Big bang nucleosynthesis can probe the universe at an even earlier age, i.e. the first few minutes.
This Action, using stars, stellar explosions and their chemical fingerprints, will make key contributions
to our understanding of the universe.
Stars and stellar explosions are multi-physics laboratories at extreme conditions that can never be
reached on Earth. Theoretical models of stars and their explosions developed under the umbrella of
this Action represent virtual multi-physics laboratories that can be constrained by the observational
data and that will use as input nuclear experimental data obtained during the course of this Action.
Indeed, several facilities that will provide nuclear physics input for astrophysics are being upgraded
(ISOLDE (Isotope mass Separator On-Line facility) and n_TOF@CERN (Nuclear Time-of-Flight
Facility at CERN)) or under construction across Europe (FAIR (Facility for Antiproton and Ion
Research) in Germany, SPIRAL II (Système de Production d’Ions Radioactifs Accélérés en Ligne)
in France, ELI-NP (Extreme Light Infrastructure – Nuclear Physics) in Romania, LUNA-MV
(Laboratory for Underground Nuclear Astrophysics) and SPES (Selective Production of Exotic
Species) in Italy). Their expected contributions are complementary to each other since the adopted
techniques span from radioactive ion beams to underground accelerators, light sources, neutron
beams, etc. In the next few years, these facilities will all provide data well beyond the state of the
art. On the astronomical side, the Gaia satellite has recently been launched and will soon provide
information about more than a billion stars in our Galaxy. This (and other space-based
spectrometers) will be complemented by many ground-based spectroscopic surveys, like the GaiaESO (European Southern Observatory), WEAVE (William Herschel Telescope (WHT), La Palma),
GALAH (SSO), SDSS (Sloan Digital Sky Survey)-APOGEE (APO Galactic Evolution Experiment)
surveys, transient (including supernovae) surveys like Pan-Starrs and ESO PESSTO (Public ESO
Spectroscopic Survey for Transient Objects) (later on LSST (Large Synoptic Survey Telescope)),
and the millimeter/submm array ALMA (Atacama Large Millimetre/submillimetre Array) revealing the
morpho-kinematical structure of stellar winds and their molecular chemistry. These will provide a
wealth of data to constrain theoretical models during the course of this Action. One very recent
example is the discovery of the most powerful supernova ever observed, ASSASSN-15lh (Dong et
al. 2016), the progenitor and the explosion mechanism of which is not understood. On the theoretical
side, the computing power available is finally sufficient to undertake detailed 3-dimensional (3D)
simulations of the visible layers of late-type stars, stellar explosions, and to constrain 1-dimensional
(1D) stellar evolution models with targeted 3D simulations. The coming years will thus deliver a
plethora of new data and discoveries and this COST Action will play a key role in their interpretation,
and in the dissemination of these breakthroughs.

1.2.

Specific Objectives

1.2.1. Research Coordination Objectives
This COST Action aims at coordinating the research efforts of the currently disjointed
astronomical, astrophysical, and nuclear communities of the participating members and at
promoting collaborations across disciplines. This will be achieved by establishing 3
interdisciplinary Working Groups (WG) and facilitating collaboration/coordination between them
(WG1: Nuclear data for astrophysics: needs, coordination and dissemination; WG2: Modelling
pipelines for stellar objects to connect nuclear experiment facilities to astronomical observational
programmes and facilities; WG3: Astronomical data: coordination, analysis and interpretation). A
fourth cross-sectoral working group will be established to tackle the technological challenges
(WG4:Tools, techniques, knowledge exchange and innovation).
- Dissemination of research results: The scientific results made possible by the Action will be
disseminated via the multi-faceted dissemination plan (2.2.2), which will be reviewed at the start of
the Action to accelerate the innovation cycle, and reach the general public (through press releases
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and general articles in the media) and, where appropriate, policy makers. It has at its core the multifunction Action website, which will host the central directory of knowledge (see Sect. 3), Action
participants’ information, links and resources, job offers, etc.
1.2.2. Capacity-building Objectives
- European leadership: secure Europe as the global leader in nuclear astrophysics and astronomy,
serving as a role model at connecting major (and medium-size) research facilities.
- Knowledge transfer: provide a networking platform between different sectors, with a particular
focus on the involvement of SMEs: several SMEs are part of the network of proposers, showing that
SMEs already play a role in this Action. This will build cross-sectoral bridges that facilitate bidirectional knowledge transfer and is the key to overcome the technological challenges.
- Multi-disciplinary research requires multi-disciplinary training: offer multi-disciplinary training
to a large number of Early Career Investigators (ECI), particularly through Training Schools, ShortTerm Scientific Missions, on top of conferences and transfer-knowledge workshops.
- Critical mass and pan-European inclusiveness: build a strong, diverse network of expertise and
resources that will provide a critical mass (as demonstrated by the statistics of network proposers)
to enhance scientific progress. It will also address geographical imbalance in access to resources
and expertise by establishing a support network for ITC researchers.
- Gender balance: the Action is committed to innovation in nurturing gender diversity. As part of the
nuclear astrophysics community this Action starts from an advantageous position with at least 25 –
30% of participation of women at all levels. The Action will build upon the current status towards
gender balance via a dedicated gender balance improvement strategy.

1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
Major breakthroughs have been made in the disciplines involved in this Action since the turn of the
new millennium. In nuclear physics, the establishment of the underground laboratory LUNA in Gran
Sasso made it possible to measure key reactions for stellar evolution and big bang nucleosynthesis
directly at the relevant energies, e.g. N-14(p,g) and H-2(a,g)Li-6. In the modelling of stellar objects,
the advent of multi-dimensional modelling rather than simplified 1D approximations for stellar
atmospheres , stellar explosions and stellar evolution, and the inclusion of physical effects such as
rotation and magnetic fields have led to a much more complete picture of which factors govern a
star’s life. On the observational side, a key role has been played by supernova observations and
observations of extremely metal poor (EMP) stars in the halo of the Milky Way. The latter are lowmass stars with a lifetime longer than that of the universe, which preserved the chemical signature
of the first stellar generations to reveal to us their secrets . The most extreme EMP stars are so poor
in metals that one or at most a few supernovae contributed to their chemical composition. Their
chemical patterns and abundance scatter offer an unprecedented tool to constrain the origin of
chemical elements in the earliest phases of the universe.
As a result, historically and funding-wise unconnected fields from nuclear physics to observational
astronomy can now be directly related: nuclear reactions measured close to stellar energies are fed
into sophisticated stellar evolution codes run on petascale computing facilities, providing better
understanding of the nuclear processes in stars. Increased resolving power of spectrographs at 8mclass telescopes provides new insights in the understanding of our universe and also poses many
new questions. The connections between these fields, however, are far too weak and rare, often
limited to chance interactions at conferences. The interdisciplinary coordination and training
proposed by this Action is crucially needed to metamorphose these random interactions into a wellplanned and coherent Europe-wide coordination of research in these rapidly evolving fields.
1.3.2. Progress beyond the state-of-the-art
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The Action will guide and exploit the new nuclear physics experimental facilities, which will provide
much more intense and energetic beams and enable the study a large variety of nuclear species
(e.g. C12-C12 fusion at low energies at LUNA-MV or masses for isotopes away from stability). The
Action will guide these efforts by establishing priority lists for nuclear experiments as well as exploit
their results and study their impact to maximise their scientific returns. Stellar/explosion modellers
(WG2) will exploit the increasing computing power, enabling only very recently simulations with
realistic resolution and input physics . This will enable t h e A c t i o n to improve stellar/supernovae
models significantly in the coming years.
Transient surveys and the ESA Gaia satellite will provide the Action with very large high-quality data
(e.g. more than 10 new SNe per day). EMP stars are not only observed in the galactic halo but now
also in other interesting sites such as the galactic bulge and dwarf galaxies. The modelling of their
spectra is being put on a much firmer footing by considering 3D convection and departures
from local thermodynamic equilibrium. Furthermore, the last decade has enabled a cosmologically
consistent description of galactic chemical evolution with inclusions of gas recycling and the full
variety of also rare and delayed source types (e.g. NS mergers) in an inhomogeneous and spatially
well resolved framework. The Action will capitalise on these recent advances and develop efficient
modelling pipelines (WG2) to provide an adequate theoretical framework to interpret these exquisite
observational data. This Action will coordinate observational follow-up campaigns and theoretical
modelling to solve the key open problems and lead to many breakthroughs (e.g. assembly/evolution
of dwarf galaxies).
1.3.3. Innovation in tackling the challenge
Nuclear physics experiments will make use of a variety of innovative approaches: accelerators
installed underground, facilities for production of radioactive beams, intense light sources, neutron
beams and up-to-date detection setups, including acquisition systems, for particles and photons.
Recent examples of innovative approaches are plastic detectors and semiconductor-based photosensors. Stellar modellers will use innovative combinations of 3D and 1D modelling tools to improve
the input physics of stellar models as well as deliver large-scale grids of nucleosynthesis yields to
better match the observers’ needs.
Public surveys like Gaia-ESO or APOGEE use the technological advances of observing facilities
such as multi-fibre spectrographs to provide hundreds of spectra at once compared to the oldfashioned method of obtaining one spectrum at a time. This will produce a wealth of data, which will
improve the knowledge available to the Action, but which will possibly also lead to contradictory
observational constraints. There is also the risk of degeneracy between models to reproduce
observations. The Action will gather observers and theorists to devise innovative methods to handle
this wealth of data and establish a list of key constraints for models (see risk mitigation, Sect. 3.1.4).
This Action will set-up interdisciplinary WGs to tackle the key current open challenges and a crosssectoral WG to tackle the technological challenges. The synergies and scientific breakthroughs
enabled by this innovative approach will significantly advance understanding of many processes in
the universe. It will also place the Action in a uniquely advantageous position concerning the
dissemination and exploitation of these breakthroughs. The central directory of knowledge that will
be hosted on the Action website will play a central role in that respect.

1.4.

Added value of networking

1.4.1. In relation to the Challenge
Solving the open problems (Sect. 1.1.1) would not be possible without a multi-disciplinary approach
linking nuclear physics experiments, nuclear physics theory, stellar evolution and explosion
simulations, chemo-dynamical evolution modelling and astronomical observations. There are many
world-leading experts scattered across Europe who can contribute to resolve these open problems
and have access to local resources (e.g. facilities) and funding for postdocs and students, at least in
many European countries. However, funding and local resources in other countries, like in ITCs, is
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very limited. Furthermore, funding for large cross-disciplinary efforts is almost impossible to
obtain (with the main exception of European Research Council (ERC) grants for small to medium
efforts, which will contribute to the efforts of this Action) because national funding agencies are
separated by discipline and country. This COST Action is thus crucially needed and is the best
approach to develop synergies between the different European facilities and scattered research and
development efforts across the 36 COST Countries. In addition, this Action will build cross-sectoral
bridges that will facilitate bi-directional knowledge transfers and improve the gender and panEuropean balance of research. This will boost the innovation potential of the communities involved
and maximise returns on key investments in nuclear experiment and astronomical observation
facilities.
Multi-disciplinary and cross-sectoral training. All the participating academic institutions have
long-standing experience in doctoral training but can only teach their own discipline. The Action will
provide a much broader interdisciplinary training as well as enable ECIs to interact extensively with
scientists from other disciplines and SMEs via the STSMs. The cross-sectoral training will be
achieved via the participation of SMEs in training schools and as host for STSMs. This will produce
a new generation of scientists with not only inter-disciplinary expertise but also multiple skills oriented
towards knowledge transfer. The training provided will lead ECIs towards a successful career in
science and technology and will further strengthen the Innovation Union.
1.4.2. In relation to existing efforts at European and/or international level
The US National Science Foundation has realised the need for and huge synergy potential of
coordination of research in the field of nuclear astrophysics and has funded for more than one cycle
the Joint Institute for Nuclear Astrophysics (JINA). Their coordination effort has made a significant
contribution to the field, via an online database of reaction rates used by scientists worldwide. The
impact of JINA is centred around North American facilities and researchers so European scientists
are missing out on this advantageous effort. It is crucial to have a comparable coordination effort
in Europe to retain and extend international leadership. Individual countries have already started
their own efforts: Nuclear Astrophysics Virtual Institute (NAVI) in Germany and the BRIDGCE
(BRIdging the Disciplines of Galactic Chemical Evolution) network in the UK. Again, these efforts
are limited geographically and other European countries are missing out, especially ITCs. At the
European level, the European Science Foundation (ESF) EUROCORES EuroGENESIS
programme initiated and provided coordination between 2010 and 2013, but many countries missed
out because their governing bodies decided to opt out of the ESF programmes (ITCs could not afford
it). The ChETEC Action will achieve the EU-wide coordination and synergy, be all-inclusive
and provide extra support for countries who need it the most: ITCs. The Action will cooperate
with the efforts listed above (JINA, NAVI, BRIDGCE) to enhance the internal (European) and worldwide impact. The Action’s central directory of knowledge will extend the JINA reaction library concept
to theoretical stellar/explosions models and chemical abundances.
To the best of the knowledge of the proposers, there is no similar COST Action or other significant
European-funded initiative running currently. The Action will liaise with complementary COST
Actions and explore potential synergies, in particular with MPNS COST Action MP1304, Exploring
fundamental physics with compact stars (entitled NewCompStar) and Trans-Domain COST Action
TD1403, Big Data Era in Sky and Earth Observation (BIG-SKY-EARTH), tackling some of the
technological challenges that this Action faces.

2.

IMPACT

2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
SHORT-TERM IMPACT:
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- Connect the large number of scattered and disconnected groups working on the origin of
cosmic nuclei, from nuclear experiments to observational astronomy through a new infrastructure
for collaboration and dissemination, which will accelerate the resolution of the key open problems.
- Strengthen the interaction with industrial partners, including in particular SMEs that conduct
cutting-edge research in a wide range of areas of interest for this project: supercomputers, adaptive
optics, high-energy detectors, accelerators for nuclear species, particle/photon detectors, new
materials for neutron shielding, lasers for light sources. This will boost the potential for R&D in SMEs
and for exploitation of new techniques developed under the auspices of the Action.
LONG-TERM IMPACT:
- A new generation of researchers will emerge with a deeper and broader background than currently
can be obtained at their local institution alone. Speciality workshops, and personnel exchange
between institutions in connected projects will benefit science directly. Additionally, cutting-edge
education across all connected fields involved will be delivered via cross-disciplinary schools and
workshops. Schools teachers will also include experts in specialised detectors, instruments, and
tools, connecting scientific knowledge to industrial applications.
- The Action will connect major European facilities, which will boost their innovation potential
and return on investments for many years beyond the term of this Action.
- The European central directory of knowledge in nuclear astrophysics that the Action will
establish and maintain will facilitate the work of all research groups and enhance their productivity.
Researchers will spend more time tackling the key challenges rather than searching for data.
- The tools and techniques developed by the WGs to overcome the technological challenges will
prepare Europe for approved future facilities (PLATO (Planetary Transits and Oscillations of stars)
satellite, 4MOST (4-metre Multi-Object Spectroscopic Telescope)). They will also have wideranging applications in other academic disciplines as well as outside academia: from optimum
usage of heterogeneous high-performance computing architecture (shared/distributed memory
CPUs/GPUs) including parallel-architecture-safe scalable numerical methods to improved methods
to undertake complex multi-variate data analysis, big data visualisation methods and new neutron
and gamma detectors as well as semiconductor-based light sensors. The Action’s cross-sectoral
WG4 involving SMEs will place the Action in a unique position to exploit these developments and
maximise their impact at all levels in Europe and beyond.
- Impact on many related fields in nuclear physics, astrophysics, cosmology and beyond, for
example new observational windows on stellar properties and interiors like polarimetry and
asteroseismology, and cosmochemistry. Nuclear astrophysics allows the Action to also shed
light on cosmic events leading to the rise of life in the universe, from star formation to the
evolution of proto-planetary systems. Samples are currently recovered via space missions from
comets (e.g. NASA Stardust mission) and from nearby asteroids (the parent bodies of meteorites,
the Japanese Hayabusa, the ESA MarcoPolo-R, and NASA OSIRIS-REx (Origins, Spectral
Interpretation, Resource Identification, Security, Regolith Explorer) and Dawn). Interpreting
cosmochemistry data is impossible without a detailed understanding of the stellar origin of each
single isotope.
- Improve gender and pan-European balance by implementing dedicated strategies (Sect. 3).

2.2.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
The Action participants’ distribution (Sect. 3.3) across the relevant disciplines and sectors as well as
their geographic and gender distribution demonstrates that all the relevant internal stakeholders
from all over Europe are involved: staff scientists and their graduate students (MSc and PhD) and
SMEs and other R&D organisations. Furthermore, the management structure described in Sect. 3.2
has been designed to maximise the impact of this Action by appointing dedicated Coordinators (C.,
see Sect.3.2 for roles of coordinators) for the following aspects: synergies across disciplines and
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WGs (Synergy Agents, SAs), Gender balance (Gender C.), pan- European balance (panEU-C.),
dissemination (Outreach C. and Media-C.), and exploitation (Knowledge Transfer C.).
The external stakeholders will consist of people or institutions outside the Action:
- Researchers/students interested in nuclear astrophysics at universities/institutions worldwide.
- National and European funding agencies.
- Opinion formers and governmental research-policy decision-makers at national and EU levels.
- Media: scientific and non-scientific press, digital media and TV.
- High-school students, planetaria, cultural societies and the general public.
The dissemination plan below will ensure that the relevant stakeholders are involved.
2.2.2. Dissemination and/or Exploitation Plan
The Action will setup a dedicated multi-function Website including the central directory of
knowledge, updated by the Media-C with the help of all Action participants. The Website will be the
main tool for the dissemination strategy, directed to the four levels – 1) Management Committee (MC)
members, 2) Action participants 3) scientists outside of the Action, and 4) general public – by
including information about conferences, workshops, training schools, lists of publications, slides of
talks at meetings, proceedings, job opportunities, open calls, access to scientific and periodic reports
(every 6 months), minutes and information on meetings, outreach material, etc. A web-based gender
forum, to allow female scientists and students to exchange experience and advice will also be
implemented. Overseen by the Gender C., the forum will also provide advice on work-life balance
and career opportunities for ECI scientists. The website will include a password-protected area with
information of pertinence to the MC members, e.g. minutes of the meetings, budgets,
communications from funding agencies.
Furthermore, for the internal stakeholders, the Action will:
1) organise events (Training Schools, Workshops and Conferences) targeted at the various
internal stakeholder groups (students, researchers and SME employees). To ensure high female
participation (min. 30%) to all activities, financial support and practical arrangements (e.g. childcare)
will be provided whenever possible to overcome obstacles related to carer responsibility;
2) organise sessions at the Action’s main workshops and Training Schools dedicated to knowledge
transfer and exploitation (via the Knowledge Transfer Coordinator);
3) promote and coordinate Action-wide Short-Term Scientific Missions;
4) set up a mailing list for all Action members for rapid information exchange/effective coordination;
5) produce an Action newsletter and distribute it widely following each periodic report (min. every
6 months) and include key results, publication list, job offers.
For the external stakeholders (and internal stakeholders where applicable, e.g. seminars):
1) All the publications will quote the Action acknowledgements statement.
2) A second mailing list will be set up for and promoted to external stakeholders. They will be able
to sign-up to receive updates, upcoming events and opportunities to get involved in the Action.
3) The events (Training Schools, Workshops and Conferences) organised by the Action will be
advertised and participations from the general scientific community with interests overlapping with
those of the Action will be encouraged by the event organisers, especially for events taking place in
ITCs to further develop the skills of their ECIs and enhance their collaborations opportunities.
4) The Knowledge Transfer C. will oversee and provide support for exploitation of WG4 results with
potential for market applications and actively pursue connections with SMEs outside the Action.
5) Outreach activities for and involving school students, non-technical talks and hands-on activities
in high schools, cultural societies and planetaria, participation of Action scientists to physics and
astronomy fairs or special events, popular articles and press releases. The Outreach Coordinator
(OC) will in particular organise participation in EU-wide activities such as http://www.science-onstage.eu/, an event attended by hundreds of science teachers, thus reaching thousands of
schoolchildren in a single event. The Action will participate in international “Researchers’ Night” and
the International Astronomical Union (IAU) outreach events. The OC will liaise with the Gender C.
to take part in initiatives such as "Science: It's a girl thing!" of the European Commission – Women
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in Research and Innovation. The history of nuclear astrophysics will be presented to teachers using
as a thread the accomplishments of Nobel Prize winners in Physics, Marie Skłodowska-Curie;
Margaret Burbidge, pioneer in nuclear astrophysics (of Burbidge et al. 1957); and Beatrice Tinsley,
pioneer in galactic chemical evolution.
6) Seminars scheduled on the Website will be shared via videoconferencing facilities to all the other
institutions either passively (e.g., via direct streaming) or actively (e.g., via the H.323 protocol).
The Action will evaluate the effectiveness of the dissemination plan by monitoring subscribers
to and traffic on the Website and mailing lists, the number of collaborative publications and of publicoutreach initiatives, such as talks in schools.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
The Action’s comprehensive, multi-disciplinary and cross-sectoral approach to the key challenges will
provide the most fruitful environment for innovation. Via its coordination and interdisciplinary bridges,
the Action will reduce significantly the risk of not achieving the scientific, technological and socioeconomic objectives. For example, continuous cooperation between astrophysicists and nuclear
physicists and the establishment of priority lists for future nuclear physics experiments will avoid
wasting time and resources at costly nuclear experimental facilities. In many aspects,
complementary approaches will be used to achieve the same science goals which will provide
redundancy and a better determination of the real uncertainties: e.g. by combining different
techniques at two experimental facilities or by comparing the results between two stellar evolution
codes. This will exploit the advantages of each approach and overcome their limitations.
The Action’s participants have collaborated before directly or in large collaborations and are familiar
with major coordination risks, like co-authorship of papers, conflict of interests and personality
mismatch. The Action will implement a risk mitigation strategy (3.1.4) to manage these risks
(including a rewarding paper authorship policy), which will be reviewed and agreed upon at the kickoff meeting. The Action will put in place a conflict resolution procedure. The Synergy Agents (SAs),
senior scientists with extensive management experience, will oversee and arbitrate such conflicts.
Management roles will have multiple people involved or deputies to handle absences. Management
and conflict resolution training will be provided during the first Training School to ensure the entire
management team and ECIs are fully equipped to take on their roles.

3.

IMPLEMENTATION

3.1.

Description of the Work Plan

3.1.1.

Description of Working Groups

The Action will coordinate the research efforts across Europe by establishing 4 cross-disciplinary
and pan-European Working Groups (WG) to achieve scientific breakthroughs and tackle the
challenges mentioned above:
WG1: nuclear data for astrophysics: needs, coordination and dissemination
WG2: modelling pipelines connecting nuclear processes to astronomical observables
WG3: astronomical data coordination, analysis and interpretation
WG4: tools, techniques, knowledge exchange and innovation
Each WG will establish centralised directories of data relevant to the other WGs and nuclear
astrophysics in general. Combined together, these will constitute the core of the central directory
of knowledge in nuclear astrophysics, which will be hosted on the Action website. The directory of
knowledge will not duplicate existing efforts (e.g. JINA reaction rate database) but complement and
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facilitate access to existing databases. Currently missing databases will be created (e.g. directory
of stellar/explosions theoretical models).
WG1: nuclear data for astrophysics: needs, coordination and dissemination
Disciplines involved: nuclear theory, nuclear experiments
Objectives: The goal of this WG is to determine nuclear data needs for astrophysics, coordinate the
efforts to obtain them and promote their dissemination.
Methodology: Advances in facilities like LUNA have recently enabled measurements in the relevant
energy range for a few key reactions. Similar developments in nuclear experimental facilities mean
that the Action can improve significantly the precision of reaction rates. These experiments, however,
are very time consuming and very costly. Studies establishing a priority list of reactions to be
measured are rare and incomplete. There are also many more reactions that will never be
determined experimentally at the relevant energy range (for heavy elements). Theoretical efforts are
needed to derive reaction rates at the relevant energy from experimental data and predict nuclear
properties (masses/half-lives) especially for heavy nuclei far from stability.
A cross-disciplinary effort involving astrophysicists is crucially and urgently needed to prioritise and
coordinate theoretical and experimental efforts. For this purpose, large scale sensitivity studies using
a Monte Carlo framework will be undertaken for the various nucleosynthesis processes (e.g. s & r
processes). A coordination effort is crucial to develop synergies between the many facilities
scattered across Europe, which will continuously provide new results in coming years and have
complementary capabilities: n_TOF@CERN: high neutron flux; FAIR@GSI (DE): intense beams of
radioactive isotopes; SPIRAL@GANIL (FR): spectroscopic properties of exotic nuclei; LUNAMV@Gran Sasso (IT): 3.5 MeV energies, with ultra-low background, for proton, alpha and carbon
beams; SPES@LNL (IT): intense radioactive beams; ELI-NP (RO): intense gamma-ray beams.
WG2: modelling pipelines connecting nuclear processes to astronomical observables
Disciplines involved: stellar evolution theory, compact-star and stellar explosion theory, physics of
rotation, convective mixing, binary interactions and magnetic fields, stellar atmosphere theory.
Objectives: To connect nuclear experimental facilities to astronomical observing facilities.
Methodology: Pipelines connecting the following disconnected software tools will be established:
a) Stellar evolution codes to simulate the evolution of low, intermediate and massive stars (e.g.
MESA (Modules for Experiments in Stellar Astrophysics)), b) Multi-dimensional (magneto-)
hydrodynamic codes to simulate supernova explosions, nova eruptions, x-ray bursts and binary
mergers of stars and compact objects (e.g. FLASH), c) Nuclear network codes to calculate the full
nucleosynthesis in stars and SNe (based on e.g. reaclib), d) Radiative transfer codes to simulate
synthetic light curves and spectra at all wavelengths. Note that the other codes that will be used are
not named to preserve the participants’ anonymity.
These pipelines will allow the production of synthetic data based on stellar evolution codes updated
following the results obtained by 3D codes, with quick and efficient testing of different updates. It is
impossible for a single research group to develop such pipelines on its own because of the
complexity of each tool. Thus, traditionally, different groups work on these different tools separately
with little or no coordination concerning input physics, assumptions and output format. There is no
centralised directory of stellar/explosion models and yields that observers and theorists galactic
chemical evolution (GCE) can access to compare to new observations. As a results, many observers
either use old nucleosynthesis yield predictions or have to spend a lot of time searching for the many
recent scattered updates. This problem slows down drastically the innovation cycle of costly
European facilities. This WG will build the first directory of theoretical stellar/SNe models and solve
this problem.
WG3: Astronomical observations and interpretation
Disciplines involved: astronomical observations and GCE.
Objectives: To coordinate the collection and interpretation of stellar abundance observations in the
scheme of GCE, enabling new discoveries and enabling the resolution of open problems related to
the origin of elements, galaxy assembly and evolution history.
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Methodology: The data will be extracted from a selection of the many on-going surveys like the
Gaia ESO Survey, GALAH (Galactic Archaeology with HERMES), APOGEE, RAVE (Radial Velocity
Experiment), LAMOST (Large Sky Area Multi-Object Fibre Spectroscopic Telescope). All surveys
provide open access to 100s of thousands of stellar spectra and their elemental abundances through
regular data releases. The data will be vetted using automated codes, quality ranked, homogenised
and explored in different GCE schemes such as inhomogeneous, stochastic models and
cosmological models. High-resolution observations of key objects will be applied for in large higherresolution follow-up campaigns. Such data will provide the highest level of detail, enabling isotopic
abundance derivations – which in turn will allow for a direct comparison to the deliverables (yield
predictions, D2.2) from WG2. Close collaboration with WG2 will provide an assessment of the nuclear
origin of the elements and a timely identification of new challenges which need to be addressed in
GCE, theory and experiments. Other observational data (e.g. KEPLER/COROT (Convection,
Rotation and planetary Transits) asteroseismology data, ALMA mm data) will be used to further
constrain models of stars and stellar explosions and galaxy assembly.
WG4: Tools, techniques, knowledge exchange and innovation
Sectors/disciplines involved: all academic disciplines involved in the Action as well as SMEs, and
(inter-)governmental agencies.
Objectives: To create a platform of cooperation and bi-directional knowledge transfer to overcome
the technological challenges and share available resources, especially with researchers from ITCs.
Methodology: Technological challenges listed in Sect. 1.1.1 cannot be resolved by academic
researchers alone since they involve hardware and software developments outside the realm of
physics. For example, the latest and future large scale simulations produce snapshot data dumps
close to 1 TeraByte in a single file. Many computers and software cannot cope with such file size.
Similarly, nuclear physics experiments demand particle and gamma detectors beyond current
capabilities. SMEs working on new detectors often lack the resources and expertise to properly test
the suitability for the highly demanding application in radioactive ion beam facilities. The research
laboratories included in the action have just them. A coordinated effort involving industrial partners
is necessary to bring scientific research to the next level. The SMEs will develop new computer
hardware and software (e.g. matrix solver for GPU architecture) or new detector (e.g. neutron)
technologies and provide training to overcome the technical challenges.
At the same time, there are also many resources, techniques and expertise scattered across the
network that could benefit other fields and researchers. Data analysis techniques developed for other
scientific fields can benefit observational data analysis, for example genetic algorithms developed for
biology or Monte Carlo techniques. Creating a database of expertise and resources available across
the network via an online directory will promote and facilitate knowledge transfer across disciplines
and sectors. Finally, ITC members often do not have the necessary expertise locally. The database
will help ITC members find the expertise they need. Furthermore, this WG will provide support for
ITC researchers to access expertise and resources.
The TASK list is the following (identified as T(WGs no).[task no]: e.g. T1.1 is the first task for WG
1 and T(2+3).2 is the second task involving WGs 2&3):
WG1: T1.1(year 1): establish a central directory of nuclear input data relevant for astrophysics.
T1.2 (year 2-4): undertake nuclear theory and experimental activities following T(1+2).1 below.
WG1+WG2: T(1+2).1 (year 1): coordinate theoretical and experimental efforts to improve known key
uncertain nuclear reactions (e.g. C-12(a,g), C-13(a,n), Ne-22(a,g) and Ne-22(a,n)).
T(1+2).2 (year 1-4): undertake detailed sensitivity studies to obtain comprehensive priority lists of
uncertain reactions for all the main nucleosynthesis processes.
T(1+2).3 (year 2-4): monitor/coordinate nuclear activities of theoretical and experimental efforts to
improve uncertain nuclear reactions and other nuclear data.
T(1+2).4 (year 2-4): Impact studies for new experimental/theoretical results+solve open problems.
WG2: T2.1 (year 1): create the missing central directory of theoretical stellar/explosions models.
T2.2 (year 1): develop interfaces between the different tools to create efficient pipelines
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T2.3 (year 2-4): improve models: homogenise input physics used in the different software tools, e.g.
treatment of multiplicity (binarity), convection and rotation, initial composition and study their impact.
T2.4 (year 2-4) calculate models to solve key open problems and interpret new discoveries (WG3).
WG2+WG3: T(2+3).1 (year 1): plan theoertical models to be undertaken by WG2 (T2.4)
T(2+3).2 (year 1): plan GCE models to be undertaken by WG3 (T3.2)
T(2+3).3 (year 1): devise observational tests for poorly understood physics of complex processes in
stars/supernovae and crucial missing data and coordinate observational campaigns to obtain them.
T(2+3).4 (year 2-4): compare models (T2.4) to follow-up observations (T3.3) & solve open problems.
WG3: T3.1 (year 1): develop a central directory of existing relevant observational data and
homogenise the data sets using commonly observed stars (e.g. the Gaia Benchmark Stars).
Reanalysis of certain data sets, where needed.
T3.2 (year 1-4): compute cosmologically-consistent galactic chemical evolution (GCE) models
needed to compare theoretical results to observations.
T3.3 (year 1): undertake follow-up observational campaigns to solve open problems.
WG4+relevant WGs1,2,3 members:
T4.1 (year 1): determine the most efficient format for the Action website (directories). T4.2 (year 1):
establish cross-sectoral teams to deal with key technological challenges T4.3 (year 1): establish a
directory of resources, expertise, techniques and tools.
T4.5 (year 2-4): tackle technological challenges with cross-disciplinary teams
T4.5 (year 1-4): promote and facilitate knowledge transfer via dissemination and training
T4.6 (year 1-4): provide dedicated support for ITC members
Each WG will set up dedicated interdisciplinary teams to tackle the open challenges (Sect.
1.1.1) and will continuously update the central directory of knowledge described below.
KEY DELIVERABLES (identified as D(WGs no).[task no], e.g. D(1+2).1 involves WGs1&2): Central
directory of knowledge/data: (including publication of new results by WGs)
- Nuclear data (D1.1: e.g. reaction rates, nuclear masses).
- Stellar/explosions theoretical data: stellar evolution tracks for all masses and supernova explosion
trajectories (D2.1) and the related nucleosynthesis (D2.2) and synthetic data for SNe (D2.3).
- Observational data: directory of elemental abundances in (extremely) metal poor stars (D3.1)
homogenising the data from public surveys, prepare strong follow-up observing campaigns (D3.2),
analyse new stellar follow-up observations and compare the isotopic abundances to those in
meteoritic pre-solar grains as well as output from WG2 (D3.3). Set of critical observational isotopic
data consisting of stellar isotopic abundances from follow-up campaigns and meteoritic pre-solar
grains available through, e.g., the St. Louis Database.
- Technological directory: databases of expertise (D4.1), techniques and tools (D4.2), and resources
(D4.3) distributed across the Action.
Dissemination of results by interdisciplinary/intersectoral dedicated teams of results of studies on
key open problems (papers, presentations, datasets) including studies of the impact of new
measurements (D(1+2).1), new stellar/explosion/remnant models + follow-up observations
(D(2+3).1), new techniques/detectors (D4.4).
D(1+2).2: Priority list of reaction rates to be (re-)determined following sensitivity studies.
D2.4: Efficient modelling pipelines, which will accelerate innovation during and beyond this Action.
D3.4: GCE models to enable comparison between updated models and follow-up observations.
3.1.2. GANTT Diagram
This Action is aimed at implementing meetings, workshops, a central website including the central
directory of knowledge, STSMs, and student training as main tools of networking:
- Action-wide workshops will be organised once a year. The first three will be preceded by a
Training School. All school sessions will be common between WGs to ensure that Early Career
Investigators develop a broad interdisciplinary knowledge. The workshops will have shared plenary
sessions including general discussions to ensure dissemination of key results, monitor and
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coordination of future tasks/efforts. In the final year, the school will be replaced by a large-scale
international conference where the achievements will be presented and follow-up activities planned.

Figure 2: Gantt diagram. WG and
periodic reports will include reports
on gender and pan-European
balance. Dissemination activities will
include outreach and gender balance

“Hands-on”
strategy
workshops: WG Leaders
(WGLs), Topic Leaders (TLs)
and Synergy Agents (SAs, see
Sect. 3.2 for their roles) will
meet in shorter, smaller scale
meetings to ensure swift
progress of the WG activities
twice
a
year:
main
workshop+management
committee (MC) meetings.
Internet-based
communications
will
be
provided at all meetings to
mitigate risk of absence at
meetings; and used for WGs
and
team
internal
discussions.–
Seminar
sharing via online streaming.
- Dissemination of the
Action: An extensive multifunction website will be built
following the COST Office’s
requirements to host information about all the Action’s activities, results and directories that the WGs
will establish, job opportunities, popular articles and press releases, etc. Each WG will establish its
dedicated sections of the Action website to host its directories (public) as well as collaborative
documents/software, etc. (private).
- Short-Term Scientific Missions (STSMs): will be organised every year (5 to 10 per year
sponsored by this Action but many more are expected to take place with external sources of funding).
Early Career Investigators (ECI) and Action participants from ITCs will be given priority for STSMs
to provide enhanced training experiences for ECIs and improve pan-European balance, respectively.
The Action is committed to provide high-standard and cross-disciplinary education to ECIs.
All the participating academic institutions have long-standing experience at doctoral training. The
Action will provide a much broader interdisciplinary skill-set training as well as enable ECIs to interact
and potentially spend STSMs at SMEs or do a split PhD between two institutes. This will produce a
new generation of scientists with not only cross-disciplinary expertise but also with multiple skills
oriented towards knowledge transfer who will strengthen the Innovation Union.
3.1.3. PERT Chart (optional)
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Figure 1 shows the cross-disciplinary and cross-sectoral bridges that this Action will establish to
enable scientific breakthroughs. It also shows how WGs 1, 2, and 3 will combine to connect major
European facilities, which will boost the return on these very large investments. Action coordination,
planning and monitoring are shown by black arrows in Figure 2 (Gantt chart).
3.1.4. Risk and Contingency Plans
This Action will alleviate the major risk of getting a poor return on Billion-Euro investments in nuclear
physics experimental and astronomical observing facilities due to the current absence of
coordination between these two disciplines and the currently limited potential for exploitation and
breakthroughs enabled by these facilities in the coming years. The Action has the critical mass
necessary to benefit from multiple software tools, techniques and experimental facilities at its
disposal, which means more than one approach will be possible to achieve the scientific objectives
reducing
largely the risk
of not obtaining
crucial models
or data.
This
risk
analysis
is
presented
in
the table below
and shows that
the key risks
will be well
managed and
remediated thanks to the mitigation strategy.

3.2.

Management structures and procedures

The management of this Action has a well-defined structure to ensure that all the aims are met and
conform with the COST document: “Rules and Procedures for Implementing COST Actions”. The
management team members (MC, WGLs, ...) will be elected during the kick-off meeting.
Management Committee (MC): the Action will be governed by the MC, which will be chaired by the
Action Chair (AC), assisted by a vice-Chair (AVC). The MC will be supported by a permanent
Secretariat provided by the Grant Holder and will meet every six months to coordinate: WG activities,
plenary activities, conferences, Training Schools, STSMs, dissemination of results to relevant
international parties, budget planning and allocation of funds. Phone/internet based conferences in
regular intervals will guarantee a steady procedure to optimise progress and to achieve the defined
goals. Progress will also be followed through structured collaborative internet documentation.
Frequent MC interactions will in particular ensure that all the milestones are reached and that
corrective actions (e.g. alternative approaches) can be taken in time to avoid delays. The MC will
also put in place the conflict handling procedure.
Work Group Leaders (WGL): the WGLs will preside over the coordination of the 4 WGs, ensuring
that the scientific goals are met, tasks and responsabilities are assigned to WG members and that
the recommendations of the Synergy Agents (SA) are acted upon. They will meet face-to-face twice
a year during the “hands-on” workshops and at least every two months via teleconferencing together
with the SAs.
Synergy Agents (SA): the SAs will be responsible for the synergy between two or more WGs and
will provide recommendations to the WGLs. They will meet face-to-face twice a year during the
workshops and at least every two months via teleconferencing together with the WGLs.
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Media coordinator (Media-C): the Media-C will maximise dissemination and impact of the Action
by supervising dissemination of results via press releases, broadcast media activities, online
directory of knowledge and collaborative tools. She/he will have monthly teleconferencing meetings
with WGLs as well as the outreach coordinator to ensure swift dissemination of key development
and smooth communication across the Action.
Gender Coordinator (GC): the GC will alert the MC of barriers to women’s participation in the action
and promote the role of women at all levels. The GC will lead the establishment of a gender balance
improvement strategy, stimulate the gender balance discussion (standard agenda item) at each MC
meeting, and liaise with the Outreach Coordinator (OC) to promote women participation in physics
to the general public. The strategy will include (but is not limited to): promotion of active participation
of women at all levels (speakers, MC members, WGLs/TLs, etc.), identification of best practice in
academic institutions and SMEs across Europe and their promotion in other countries, organisation
of informal meetings of female Action participants as well as general discussions about gender
balance, and monitoring and reporting gender balance statistics during the course of the Action.
Outreach Coordinator (OC): the OC will be responsible for the organisation of the outreach
activities of the Action. The OC will manage a yearly budget allocated to outreach initiatives and will
collaborate with the Media-C to maximise success and impact of outreach activities.
Bi-directional knowledge transfer coordinator (KTC): the KTC will help the WGL of WG4 in
maximising knowledge transfer across the Action and the exploitation of its results. The KTC will
also be supported by an Intellectual Property advisor provided by the grant holder institution.
Pan-European coordinator (panEU-C): the panEU-C will oversee geographical balance of
research facilities to improve the balance of resources and knowledge transfer across the COST
countries. The panEU-C will focus on helping Action members from ITCs access resources and
facilities from the leading facilities and knowledge hubs of Europe and take advantage of the STSMs.
ITC members will also be encouraged to take leading roles in the MC, and the organisation of Action
events (e.g. Schools).
Steering Committee (SC): a SC will be established within the MC to ensure a more efficient
management. It will be composed of: the AC and the AVC, the WGLs (4), the SAs (2), the GC, OC,
Media-C, KTC, panEU-C. The SC will be responsible for the preparation of all the documents
required for the MC meetings and will propose most of the initiatives of the Action. The members of
the SC will be elected during the kick-off meeting and their activities will have to be approved by the
MC. The members of the SC will meet face-to-face twice a year during the “hands-on” workshops
and every two months via teleconferencing.

3.3.

Network as a whole

The network of proposers includes world-leading research groups in all the scientific disciplines
necessary to tackle the challenges and achieve breakthroughs. It has the required critical mass and
expertise and also a wide geographical distribution, as demonstrated by the proposers’ statistics: 38
proposers from 27 COST countries (13 are ITCs), 39.5% female proposers, and 4 SMEs. This Action
will coordinate the research efforts of hundreds of senior scientists, Early Career Investigators and
SMEs’ employees. In addition, the Action will connect major European facilities, such as CERN,
FAIR at GSI (D), ESO telescopes (VLT (Very Large Telescope), ALMA), European Space Agency
(ESA) satellite missions. The Action will liaise with other international networks and organisations
(e.g., JINA in the US) to further extend coordination and collaborations world-wide. This excellencedriven Action connecting the powerhouse COST countries and their centres of excellence, coupled
with a pan-European inclusive and gender-balanced approach will further improve these statistics
from this excellent starting point towards complete inclusion, in particular of ITCs and gender
balance at all level of the Action. Last but not least, the Action will build upon the established link
with SMEs and involve many more to boost technological-challenge resolution and exploitation
potential. The Action will thus strengthen and advance the world leading status of the Innovation
Union at many levels.
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