The lightest hydrides, withesses of cosmochemical evolution
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The first molecular bonds: HeH", together with He,", is predicted to form the first molecular bond in the primordial universe. While
H,” was quickly destroyed by dissociative recombination, the abundance of HeH" reached a first maximum at z ~ 2000 (0.1 Myr
after the big bang), together with the rise of H,", H,, FH,;", and their deuterated isotopologs (Fig. 1). After the recombination era (z ~
1000), the steady increase of the abundances provided coolants for the collapse of halos forming population Il stars (z ~ 30)*.
When temperatures dropped to T ~200 K, rotational line cooling by HD and HeH" became important (Fig. 2). HD was subsequently

depleted by astration (Fig. 3) and HeH™ through dissociative recombination and proton transfer. *Klessen & Glover 2023, ARA&A
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Fig. 1: Chemical and thermal evolution of the young Fig. 2: Top - Cooling of a collapsing halo by HD  Fig. 3: Synopsis of cosmic deuterium fractions.
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Results: The spectroscopy of rotational (FIR) and vibrational (NIR) lines of HeH™ in NGC 7027 confirms a chemistry controlled by
lon-neutral reactions and photo-ionization (Gusten+ 2019; Neufeld+ 2020; Sil+ 2025). The Stromgren sphere of this young

planetary nebula and the primordial universe form HeH™ on different pathways (radiative association of He + H and He™ + H,
respectively) but share (for z < 200) the same destruction channels (dissociative recombination & proton transfer). Inclusion of He

(2 °S), the longest-lived metastable atomic state, reproduces the observed HeH" abundance thanks to its 19.8 eV energy input.
While reaction rates are measured in ion storage rings, removal of ambiguities between temperature and density requires further IR

spectroscopy and high resolution to avoid blends (e.g., of HeH™ and CH). — Why it matters: The cooler stages in the formation of

population Il stars, when HeH™ and HD contend for the role of the major coolant, call for quantum-state selective reaction networks.
Evidence for HD is as well limited to the local universe (except for a few z < 3 samples), where it traces, thanks to its weak

fractionation, native D/H ratios. GREAT (R > 5x10° 1) confirms the protosolar origin of Jupiter’s deuterium fraction (Wiesemeyer+
2024), significantly falling below the primordial value, by separating tropospheric absorption from stratospheric emission.
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