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ChETEC-INFRA (2021-2025, nuclear astrophysics) [ketek-infra] 

◆ Chemical Elements as 
Tracers for the Evolution of the Cosmos –
Infrastructures for Nuclear Astrophysics

◆ EU Horizon 2020 Starting Community of 
Research Infrastructures

◆ H2020-INFRAIA-2020-1
◆ 31 partners in 17 EU+ countries
◆ 1 May 2021 – 31 October 2025
◆ 5.0 M€ support by European Union
◆ 14 research infrastructures offer EU-supported 

transnational access, selection based on 
scientific merit

◆ Outreach to PhD students, high school students 
◆ ChETEC-INFRA legacy: many online databases 

https://www.chetec-infra.eu
Coordination: 
HZDR, Germany
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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
Astronical Observatory / LT

IFIN-HH 3 MV Tandetron
accelerator / RO

Hull University 
VIPER cluster

ChETEC-INFRA: 14 nuclear astrophysics research infrastructures

telescopes

supercomputer

accelerators

Bellotti IBF, IT
Underground ion accelerator

5039 beam hours at accelerators, 39 nights at telescopes, 3.9 M cpu-hours
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31 funded partners in EU, UK, Israel ….
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• Experiment MAGIX @ MESA Mainz on the 12C(a,g)16O reaction 
– stellar helium burning (NuPECC LRP, p. 28)

• cEFT (Chiral Effective Field Theory) based calculations for 
3He(a,g)7Be – Big Bang & solar neutrinos
(Box 2.5 in NuPECC LRP, p. 29)

• Equation of State of neutron star matter – link to gravitational 
waves and neutron star mergers (Einstein Telescope) and to 
their multimessenger observations (nuclear astrophysics)

• Joint technical developments: Gas jets, and their 
characterization

• ECT* as a hub for theory in hadron physics and nuclear 
astrophysics

ChETEC-INFRA and hadron physics scientific overlap

NuPECC Long Range Plan 2024 24

Fig. 2.10: Femtoscopy study of pΞ- and pΩ- correlations from ALICE 
and comparison with results based on baryon-baryon potentials 
calculated using lattice QCD from HAL QCD. Figure from Nature 588, 
232-238 (2020).

Recent highlights

Hyperon-nucleon interaction: 

Hypernuclei

Recently, there has been a remarkable advance in the study of the YN 
interaction: At CLAS at JLab and E40 at J-PARC, studies of secondary 
and/or final state interaction have provided extensive data on low-
energy ΛN and ΣN scattering. Together, these data provide precise 
constraints to χEFT calculations. Results from χEFT for the ΣN and ΛN 
cross sections now show some agreement with experimental results 
at E40 at J-PARC and other experiments, see Fig. 2.15 in Box 2.5. 
In parallel, two-particle momentum correlation functions of e.g. Λp, 
ΛΛ, Σp, Ξp and Ωp have been obtained with the femtoscopy technique 
using pp and heavy ion collision data from STAR and ALICE. Part 
of these data are shown in Fig. 2.10 and they provide important 
benchmarks for lattice QCD. Calculations of YN potentials at near-
physical quark masses using the HAL approach have produced a 
qualitative agreement with femtoscopy correlation functions as shown 
in Fig. 2.10. In addition, state-of-the-art lattice QCD calculations of 
baryon-baryon interactions using the finite-volume approach and 
with increased scrutiny of systematic errors show that the deuteron is 
unbound at heavy pion mass.

two-body nucleon-hyperon (NY) or hyperon-hyperon (YY) interaction, 
in combination with three-body forces (e.g. NNY and NYY) would 
stiffen the EoS and suppress the presence of hyperons inside neutron 
stars. 

In experiments, the short life-time of the hyperons make them 
unfeasible as beams or targets and they are therefore difficult to 
study in conventional scattering experiments. Instead, interactions 
involving unstable hadrons can be explored in final-state or secondary 
interactions, and with the femtoscopy technique. These approaches, 
in combination with modern, high-intensity facilities, enable a 
significant advance in our understanding of the YN interaction.  
Furthermore, spectroscopic measurements of hypernuclei provide a 
precision instrument for hyperon interactions in few-body and many-
body systems.

Other examples of hadron interactions as an instrument to understand 
the interplay between microscopic and macroscopic scales are dark 
matter searches, the origin of cosmic rays and the properties of 
neutrinos. Since the next-generation experiments will predominantly 
use nuclear targets, it is essential to have a reliable understanding 
of hadron interactions. Significant deviations from the impulse 
approximation — wherein a probe interacting with a nucleus only 
sees one nucleon, behaving as if it were unbound — have long been 
observed in the quenching of the axial-vector coupling of nuclei. The 
same is true for the EMC effect, i.e. the observation that the cross 
section for deep inelastic scattering of an atomic nucleus is different 
from that of the same number of free nucleons. It is a challenge to 
understand these multi-hadron effects theoretically and it will require 
efforts using both nuclear chiral effective field theory and lattice QCD.

In lattice QCD calculations, the primary method to study hadron 
interactions is to use finite-volume quantisation conditions, which 
are well understood for any two-particle system. It has also become 
standard to study resonances and shallow bound states using the 
rigorous approach of identifying poles in scattering amplitudes. A 
second method used primarily by the HAL QCD collaboration, is to 
obtain a hadron-hadron potential, which eventually yields scattering 
observables. χEFT provides a description of NN interactions 
incorporating chiral symmetry with input from πN scattering. It has 
been developed up to N4LO, exploiting the rich database in the nuclear 
sector, and leads to a good description of low-energy NN scattering.

Fig. 2.9: The blobs represent the mass and radius constraints from 
the gravitational wave detectors LIGO and Virgo, as well as NASA’s 
Neutron star Interior ExploreR (NICER), while the dashed and solid 
lines represent the predictions obtained with various EoS models, 
with and without hyperons. Picture credit I. Vidana (Universita di 
Catania).

Following recent advances in the understanding of the YN interaction, 
the next step is to describe a more complex system. For instance, 
the aforementioned N2LO YN potentials derived from EFT calculations 
have been utilised to predict properties of light hypernuclei. However, 
the limited database for hypernuclei, to date including only ~40 single-
strange and six double-strange hypernuclei, has hindered large-scale, 
systematic validation of theory predictions. This said, the hypertriton 
serves as a litmus test for the theoretical framework of many-body 
systems with strangeness. Accurate knowledge of its properties 
constitutes the initial step towards a reliable description of heavier 
hypernuclei. The binding energy and lifetime of the hypertriton have 
been measured by different experiments, such as HypHI and STAR, 
and even more recently with high precision by ALICE. The latter 
measurement reveals a lifetime close to that of a free Λ, indicating a 
loosely bound Λ . New precision measurements, including branching 

Hadron Physics 
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0.9 M€ transnational access (including travel) for small labs and medium size telescopes
• 9 small accelerators of different capabilities (Austria, Germany, Hungary, Italy, Romania) – list can evolve
• Central European telescopes (Moletai/LT, Ondrejov/CZ, Rozhen/BG)
• Nordic Optical Telescope (Canary Islands – operated through Danish-Finnish consortium)
• One supercomputer (viper Hull/UK)

0.5 M€ virtual access for nuclear astrophysics web-based tools
• Databases (see separate page) and online tutorials, to be made sustainably accessible and to grow. 

0.6 M€ networking activities
• 0.2 M€ nuclear astrophysics schools (Santa Tecla, Rußbach, Sinaia, NPA, etc. )
• 0.2 M€ scientific outreach, to planetary science community (meteorites) 
• 0.2 M€ outreach to high school students (Nuclear Astrophysics Masterclasses)

0.4 M€ jet gas targets, both for hadron physics and for nuclear astrophysics
• Alfons Khoukaz / Uni Münster et al. 

ChETEC-INFRA, possible way forward, for Hadron Physics 2025
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ChETEC-INFRA-produced databases for virtual access provision
Databases and datasets Weblink
Barium Star Repository https://github.com/Milne-Centre/Barium-Star-

Repository 
Reaction Network Generator – NetGen http://www.astro.ulb.ac.be/Netgen/ 
New Generation of Solar Models https://doi.org/10.5281/zenodo.10822316 
Nuclear Reaction Rates – ChANUREPS http://chanureps.chetec-infra.eu
Stellar Trajectories – ORChESTRA https://zenodo.org/communities/chetec-infra-wp4
s-process Library – ASTRAL https://exp-astro.de/astral 
Solar Fusion Library (Solar Fusion III) https://doi.org/10.5281/zenodo.13945119 
3D NLTE Abundance Correction Grid https://www.chetec-infra.eu/3DNLTE/ 
Database of stable isotope anomalies in bulk 
meteoritic materials

https://chetec.csfk.org/ 

Task: Organize the databases (all were created by EU funds in the ChETEC-INFRA project) via one 
common, long term sustainable interface, and grow them further.

6

mailto:d.Bemmerer@hzdr.de
mailto:d.Bemmerer@hzdr.de
https://github.com/Milne-Centre/Barium-Star-Repository
https://github.com/Milne-Centre/Barium-Star-Repository
http://www.astro.ulb.ac.be/Netgen/
https://doi.org/10.5281/zenodo.10822316
http://chanureps.chetec-infra.eu/
https://zenodo.org/communities/chetec-infra-wp4?page=1&size=20
https://exp-astro.de/astral
https://doi.org/10.5281/zenodo.13945119
https://www.chetec-infra.eu/3DNLTE/
https://chetec.csfk.org/

