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Nuclear astrophysics: The Felsenkeller lab in Dresden
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Abundance, relative to hydrogen
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Big Bang Nucleosynthesis (BBN) and ?H (D) as a cosmological probe
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Big Bang Nucleosynthesis (BBN) and ?H (D) as a cosmological probe
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Big Bang Nucleosynthesis (BBN) and ?H (D) as a cosmological probe

Proton beam

N

Ge2 ..
/

Mossa et al. (LUNA), Nature 587, 210 (2020)
K. Stockel et al. (LUNA), Phys. Rev. C 110, L032801 (2024)
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Big Bang Nucleosynthesis (BBN) and 2?H (D) as a cosmological probe
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Big Bang Nucleosynthesis (BBN) and ?H (D) as a cosmological probe
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Big Bang Nucleosynthesis (BBN) and ?H (D) as a cosmological probe

S12(F) =0(E) X E X exp <Z1Z2a

Using 2H from BBN to determine the
cosmic baryon density:

21.08.2025 Nuclear astrophysics and the Felsenkeller lab
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Maxwell Boltzmann versus tunneling probability
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Measuring very small cross sections, two examples
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Dresden Felsenkeller underground lab, below 45 m of rock

Joint effort HZDR — TU Dresden

+ Investment by TU Dresden (Kai Zuber et al.)
and HZDR (Daniel Bemmerer et al.)

+ Day to day operations by HZDR

Two main instruments
+ HZDR: 5 MV Pelletron, 30 pA beams of 'H*, 4He*, 12C+, ...

¢ TU Dresden: 163% ultra-low-background HPGe detector
for offline radioactivity measurements

External ion source
Experiment | Experiment Accelerator
preparation | control control
SFg storage tank Internal ion source

Bunker for in—-beam experiments

Bunker for activation experiments

Tunnel IX _—
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Felsenkeller: Studying low cross sections with low background

40x lower muon background
Astropart. Phys. 112, 24 (2019)
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|
Felsenkeller 5 MV underground ion accelerator

Irradiation station with 20+ HPGe crystals I

™ RN
21.08.2025

Nuclear astrophysics and the Felsenkeller lab
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External ion source

5/ 5 MV accelerator (0.4-3.8 MV), two alternative ion sources

Internal RF ion source: 30 uA H, “He
SNICS sputter ion source: 30 uA12C

24 hour operation permitted even without operator
Personnel is allowed at target while beam is on
Control and counting rooms at surface
EU-supported transnational access 2021-2025
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Jet gas target system at Felsenkeller
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Germany‘s most sensitive radioactivity measurement setup “TU1”
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The periodic table: Hydrostatic stellar burning
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Study of the '2C(p,y)'*N reaction at Felsenkeller and at LUNA
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Study of the 3He(a,y)’Be y-ray angular distribution at Felsenkeller
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Li/H abundance

"Be and ’Li — wide scope for future study
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Science outlook for Felsenkeller... The long-term goal
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ChETEC-INFRA EU project for nuclear astrophysics [ketek-infra]

Nuclear Physics

https://www.chetec-infra.eu
+ Starting Community of research infrastructures

+ 32 partners in 17 EU+ countries

« 2021 -2025

+ 5 ME€ support by EU
e
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14 research infrastructures made accessible by ChETEC-INFRA
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IANAO National Astronomical ASU Perek
Observatory / BG Telescope / CZ

supercomputers

Vilnius University Moletai Hull University
Astronical Observatory / LT VIPER cluster

telescopes
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Das Low-Seismic-Lab

« Technologieentwicklung fur die
Gravitationswellenastronomie

« Adaptive seismische
Rauschunterdrickung

* Sub-Nanometer-Mikroskopie und
Photolithographie

« Astrophysik mit Beschleunigern

Courtesy Christian Stegmann / DESY
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DZA Low Seismic Lab, at the ,,sweet spot“ for nuclear astrophysics
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Nuclear astrophysics: The Felsenkeller lab in Dresden
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