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and cosmic ray ionization rate. However, in diffuse polyatomic, and is likely the most common such reaction occurring in D. I
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molecular clouds, the temperature inferred frf)m Hy" is on the Universe. In the H.* collision complex, proton scrambling can occur,
average 30-40 K lower than the temperature inferred from resulting in one of the three outcomes pictured here.
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b2 = [p-HaJIH] reaction Hy* + H, 2 H, + Hj", which is responsible for dependence can be parameterized by

Observations of p-H;* and p-H, fractions in interconversion of O—I‘I3jL ([ — 3/2) and p—H3+ ([ — 1/2). the hop:exchange branching ratio “hop”

diffuse molecular clouds, highlighting the We have experimentally measured the nuclear spin fraction oL
deviation from thermal equilibrium

dependence of this reaction at low temperature (130 K)

for the first time. The results of our measurements enable Additionally, this entire process is subject to selection rules based on the I
modeling of the ortho/para ratio of H,;™ in diffuse conservation of nuclear spin angular momentum. Spectroscopy can be used

molecular clouds, and show that a competition between to measure which nuclear spin states are formed in this reaction, allowing “exchange’

thermalization and dissociative electron recombination is a measurement of o. Such measurements have never been performed at
likely responsible for the H;™/H, temperature discrepancy. temperatures relevant for cold interstellar clouds.

Laboratory measurements
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Diffuse molecular cloud observations and modeling
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