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Deuteron-deuteron fusion is important for both future energy applications and understanding en-
ergy production in dense astrophysical environments such as giant planets, brown dwarfs, and white
dwarf supernova progenitors [1]. The charged particle-induced nuclear reaction cross sections at
lower energies drop exponentially due to the Coulomb barrier. However, systematic experimental
studies have demonstrated that DD fusion cross-sections are significantly enhanced in metallic en-
vironments, especially below 10 keV. This enhancement is attributed to strong electron screening
effects in metals [2]. Recent studies further suggest that lattice defects and the presence of impuri-
ties, such as oxygen and carbon, in the metallic substrate can significantly influence the magnitude
of this electron screening energy [3][4].

It was recently shown that, in addition to electron screening, a narrow 0T threshold resonance
in the “He nucleus significantly enhances the DD fusion reaction rate at very low energies [5].
This single-particle resonance decays via Internal Pair Creation (IPC), emitting e~ - e™ pairs with
energies up to 22.84 MeV. In experiments at the Ultra High Vacuum (UHV) accelerator facility
of the University of Szczecin, these electrons were detected using thin silicon detectors [6]. Addi-
tionally, 511 keV annihilation photons and bremsstrahlung radiation from the pairs were observed
using HPGe and large-volume Nal(T1) detectors [7]. The partial absorption peak produced by
these high-energy e~ - e™ pairs in silicon detectors was compared with detector response functions
generated using Geant4 Monte Carlo simulations and the electron-to-proton branching ratio was
determined for projectile energies down to 6keV. These results indicate a ratio of 15 at thermal
energies, emphasizing the need for measurements at extremely low projectile energies, close to the
reaction threshold.

At very low projectile energies, the exponentially falling DD fusion cross section leads to a
significant reduction in the number of fusion and hence IPC events. In this scenario, the precise
background characterisation in the detector response function is crucial for the branching ratio
calculations. Natural radiation and cosmic ray showers were identified as dominant sources and
simulated using Geant4, with cosmic rays modelled via the Cosmic RaY (CRY) library. Thin
silicon detectors in a A E -E configuration were used to suppress the background. This work offers
a benchmark for surface-laboratory experiments and supports future underground measurements.
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