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Fig. 1: New nova and 15A CCSN models compared with extreme Group 1 grain compositions

Fig. 2: New nova models compared with extreme Group 1 grain compositions. 

Fig. 3: New nova and 15A CCSN models compared with extreme Group 1 grain compositions.

INTRODUCTION

❑ Presolar oxide and silicate grains in meteorites

include those with very large 17O excesses (17O/16O

> 4×10-3) and small to moderate depletions in 18O.

❑ Classified as extreme Group 1 grains, they were

argued to condense in binary star systems [1−3],

where the outer layers of the white dwarf (WD)

accretes material from its companion, eventually

exploding in a nova explosion.

❑ Here, we present the results from new CO and ONe

nova simulations [4–6] and three-dimensional core-

collapse supernova (3D CCSN) models [7–9] to

constrain their origins.

RESULTS & DISCUSSION

Nova Models

❑ The best cases are 0.6 and 0.8 M⊙ CO WD MDTNR

simulations. It can explain the small enrichments (up

to 100 ‰) observed for 30Si (Figure 2) and up to

1000 ‰ enrichments observed for magnesium

isotope compositions (Figure 3) without mixing.

However, this simulation underproduces both 17O

and 18O compared to 16O.

❑ The grain GR95_13_29 [10] can be explained by the

ONe model [6] by mixing material from the WD

with the accreted material. The mixing proportions

of 10%, 5% and <<5% can explain the O, Si and Mg

isotope compositions, respectively.

Supernova models
The clumps in the ejecta of the 15A CCSN model [7–9]

are either 16O-rich due to alpha freezeout or 17O-rich

with 18O depletions (Figure 1). The 17O-rich clumps lie

in the same region of the three-oxygen isotope space as

nova ejecta (Figure 1). These 17O-rich clumps have

extremely large 29,30Si excesses (average δ29Si ~6000

‰; δ30Si ~30,000 ‰) and large 25,26Mg excesses

(Figure 3). CCSN cannot explain the isotopic

compositions of the extreme Group 1 grains.

FUTURE WORK
17O production by explosive proton burning is common

in nova explosions but additional 18O production is

required.

❑
18O can be produced by helium-flashes in He novae

(e.g., V445 Pup) or recurrent novae [11].

❑
18O production can occur in the secondary carbon

star, which is subsequently accreted onto the WD

and participates in grain condensation.

METHODS

❑ The new nova models include pollution of the WD

envelope with material from the secondary after the

TNR is underway [4–5] and during TNR that is

driven by Kelvin-Helmholtz instabilities [6].

❑ The post-explosion 15 M⊙ (asymmetric) 3D CCSN

model [7−9] that can explain the composition of

SiC D grains [14] were used.
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Fig. 4: The mass of the WD in the nova models [4–5], and

recent oxygen isotope measurements of Mira and other

variable asymptotic giant branch (AGB) stars [12–13].


