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GALACTIC EVOLUTION OF NRLEE DUST
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Introduction: Isotopic anomalies in neutron-rich iron-group isotopes may be carried into the Solar System by
dust from Neutron-Rich, Low-Entropy matter Ejectors (or NRLEEs) [1]. NRLEEs are probably thermonuclear elec-
tron-capture supernovae [2], which are likely the dominant source of 48Ca in the Solar System [3]. NRLEEs pro-
duce significant enrichments in the neutron-rich iron-group species in their innermost oxygen-poor regions but, due
to the relatively low explosion energy of the event, also eject a considerable abundance of unburned 'O in more
exterior regions of the exploding star. Mixing between these layers likely produces oxide dust that carries strong
enrichments in neutron-rich iron-group species, and oxide grains have been observed in the meteorite record with
such enrichments [4]. Those grains are plausibly from NRLEEs [2].

NRLEE Dust Evolution: NRLEE dust enters the interstellar medium (ISM) and joins other stellar condensates
and ISM dust. Sputtering and shattering processes then destroy grains and re-accretion builds dust back up. The
dust built up by re-accretion (the ISM dust) is significantly less anomalous than the stellar condensates because that
dust is a mix of the previously destroyed stellar condensates. The Solar System inherits this mix of dust, so the pos-
sible range of isotopic anomalies that could result from this dust depends on the degree of anomalies present in the
stellar condensates and their contribution to the total dust in the Solar System.

We have constructed models of the evolution of dust from NRLEE events and other stellar events. Given typical
dust destruction times of roughly 100 Myr, the models show that the mass of the NRLEE dust is about 10-5 to 104
of the total non-anomalous dust mass, although that fraction can vary by up to two orders of magnitude due to the
fact that NRLEE events are rare, so the NRLEE dust abundance in the ISM fluctuates based on how recently a NR-
LEE event occurred in the local region.

Expected Anomalies: Our NRLEE models suggest that the dust could be enriched in neutron-rich iron-group
isotopes by factors of roughly 100 [2], which in agreement with enrichments seen in the putative NRLEE grains
observed by Nittler and collaborators [3,4]. Combined with a level of NRLEE dust mass to non-anomalous dust
mass of ~10-5to 10-4, one could expect anomalies from extremely inhomogeneous mixtures of NRLEE dust as large
as one part in 102 to 103 Less extreme inhomogeneous mixtures could explain observed anomalies, which are of
order a few parts in 104[2,5].

Our predicted anomalies depend on details of the model. In particular, the predicted anomalies depend on 1) the
frequency of NRLEE events, 2) the composition of the ejected NRLEE dust, and 3) the timescale of dust destruc-
tion and re-accretion processes in the ISM. They also depend on the degree of inhomogeneous distribution and pro-
cessing of NRLEE dust in the proto-planetary disk. These are all details we are exploring further with quantitative
models.
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