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COST action ChETEC [ketek] on Nuclear Astrophysics

http://www.chetec.eu
http://nebula.kis.keele.ac.uk:8080/chetec

 ~160 k€/year 2017-2021
 30 European countries

Chair: 
 Raphael Hirschi, Keele/UK
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http://www.chetec.eu/
http://nebula.kis.keele.ac.uk:8080/chetec


ChETEC-INFRA project for nuclear astrophysics [ketek-infra] 
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◆ EU Horizon 2020 Starting 
Community of research 
infrastructures to serve nuclear 
astrophysics

◆ H2020-INFRAIA-2020-1
◆ 32 partners in 17 EU+ countries
◆ 1 May 2021 – 30 April 2025
◆ 5.0 M€ support by EU
◆ 13 research infrastructures offer 

EU-supported transnational 
access, selection based on 
scientific merit

https://www.chetec-infra.eu

2nd General Assembly (June 2022, Padova)

https://www.chetec-infra.eu/


32 partners in ChETEC-INFRA

03.05.23 Axel Boeltzig: Nuclear Data for Astrophysics4



EU-supported Starting Community of Research Infrastructures 
for Nuclear Astrophysics 

5.0 M€ EU HORIZON2020 support (2021-2025)

TA
Transnational Access

JRA
Joint Research Activities

NA
Networking Activities

Infrastructure access
• 8 nuclear laboratories
• 4 telescopes
• 1 computing cluster

Infrastructure usability
• Targets
• Neutron detectors
• Abundance corrections
• Analysis pipelines

Infrastructure networking
• Complementary Experiments
• Solar fusion+model
• Geochemistry/Astrophysics
• Nuclear astrophysics schools
• Outreach

32 partners, 17 countries, largest EU project for nuclear astrophysics yet
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WP8 / NA3: “Astronuclear Library”
PI: Aldo Serenelli, ICE-CSIC

WP6 / NA1: “Comprehensive Nuclear Astrophysics”
PI: Jordi José, UPC



HZDR Felsenkeller 
underground / DE

HZDR DREAMS 

AMS / DE 
Vienna University VERA 
AMS / AT

IANAO National Astronomical 
Observatory / BG

ASU Perek

Telescope / CZ

Nordic Optical Telescope
La Palma / ES (Arhus / DK)

Frankfurt University 
van de Graaf n-source / DE

PTB Ion Accelerator Facility / 
DE

University of Cologne
10 MV Tandem / DE

ATOMKI
Cyclotron / HU

Vilnius University Moletai 
Astronomical Observatory / LT

IFIN-HH 3 MV Tandetron 
accelerator / RO

Hull University 
VIPER cluster

Transnational Access to 13 Infrastructures via ChETEC-INFRA
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telescopes

supercomputers

laboratories



Nuclear Astrophysics Networks Worldwide
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Nuclear Astrophysics
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Astro-
nomy

Nuclear 
physics

Astro-
physics

Figure: Aziz et al., 2022 (10.1007/s43673-021-00018-z)

Interdisciplinary field to 
study the the chemical 
evolution of the elements 
in the Universe



Nuclear Astrophysics
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Nuclear Physics Experiments

Measure Reaction Cross Sections 
(S-factors), Resonance Strengths, 
Half Lives, gamma-ray strengths, 
level densities, etc.

Astrophysical Reaction Rates

Rates at stellar temperatures of interest 
as inputs to nuclear networks for 
astrophysics

Data Curation, Evaluation,
Extrapolation

R-matrix, Optical Model, 
Hauser-Feshbach, ...

Sensitivity Studies,
Astrophysical Motivation

Discrepancies

New Data

Astrophysical Models



Examples for Data Sets
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2H(p,g)3He

Figure: Mossa et al., 2020

https://www.nature.com/articles/s41586-020-2878-4


Examples for Data Sets

03.05.23 Axel Boeltzig: Nuclear Data for Astrophysics11

12C(a,g)16O

Figure: Ferraro et al., 2021

https://doi.org/10.3389/fspas.2020.617946


Examples for Data Sets
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12C + 12C

Figure: Tang et al., 2022

https://www.epj-conferences.org/articles/epjconf/pdf/2022/04/epjconf_nic16th2022_01002.pdf


Nuclear Library for Astrophysics Applications
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https://nucldata.tunl.duke.edu/



Nuclear Astrophysics Compilation of Reaction Rates (NACRE)
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NACRE (1999) and NACRE II (2013) still widely used as baseline for reaction rates

http://www.astro.ulb.ac.be/nacreii/

(86 reactions) (34 reactions)



BRUSLIB Database for Nuclear Astrophysics Applications
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http://www.astro.ulb.ac.be/bruslib/



Solar Fusion I & II

03.05.23 Axel Boeltzig: Nuclear Data for Astrophysics16

Solar Fusion (1998)

Solar Fusion II (2011)

Community-led evaluations, resulting in 
evaluated reaction rates



Solar Fusion III
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STARLIB: Thermonuclear Rate Library
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https://starlib.github.io/Rate-Library/
https://github.com/Starlib/Rate-Library



JINA ReacLib
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Original Publication 2010
Updates 2016, 2021



ChANUREPS
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Collection of reaction rates provided 
by the community.

No evaluated “best” rate, rather “pick 
& choose”.

Recently launched and growing
(~20 rates).

http://chanureps.chetec-infra.eu



Neutron-Induced Reactions: MACS – KaDONIS
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https://www.kadonis.org



Neutron-Induced Reactions: MACS – ASTRAL
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http://astral.chetec-infra.eu



Summary / Conclusions
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Nuclear astrophysics relies on nuclear input for modeling of the galactic chemical evolution - 
crucially reaction cross sections to calculate reaction rates.

Measured reaction cross section data typically need to be compiled, evaluated, and often 
extrapolated to provide the necessary reaction rates.

Evaluation and extrapolation requires modeling, hence nuclear input parameters.

Mix of established (literature) compilations and newer (online) databases, between stable 
references and quick incorporation of new experimental results.
– Require continuous efforts, to provide up-to-date data to the community.

Periodic efforts for reaction rate evaluations from within the nuclear astrophysics 
community, supported by different institutions / projects.

Open data in nuclear experiments still in early phase, but could help to investigate / reconcile 
contradicting data sets found in evaluations.
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