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The forming environment of the solar system
constrained by short-lived radionuclides

Shogo TACHIBANA *
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The presence of several short-lived, now extinct, radionuclides in the early solar system has
been confirmed through measurements of excesses of daughter isotopes that correlate with the
abundances of their parent elements in cogenetic minerals in meteorites. Some of such short-
lived radionuclides should have formed just prior to or soon after the solar system formation
either by stellar nucleosynthesis or by energetic-particle irradiation. A short-lived radionuclide
“Fe is produced only in stars and thus provides a constraint on the stellar contribution to solar
system radionuclides. Clear evidence of the presence of “Fe in the early solar system has been
found in various components in meteorites. The estimated initial abundance of “Fe in the solar
system cannot be explained byheritage from the interstellar medium, but requires the injection
of “Fe into the proto solar materials from a nearby star. Although no previous model succeeded
to explain the abundances of the short-lived radionuclides (**Al, **'Ca,”Mn, and “Fe) by injection
from asingle stellar source, I propose here that a faint super nova with mixing and fallback can
match the solar-system abundances of *Al, *'Ca, **Mn, and “Fe suggesting that the solar system
formed nearby a massive star.
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bo TNH DAL, PN KEROF# (46
fE4E) ICHRTE L, WIIRRRICIIAAAE L7225, Bl
I TRTEHHICHEELCLE->T0wh, 2hHo
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WCHIBE L 2R O BB 2 155 S LT E, TOFF
O EHHETH S (B2 Kita et al., 2005;
Wadha et al., 2007; K%, 2008).
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LT ENHETHS (e.g., Jacobsen, 2005; £k,
2006; Huss et al., 2009) . %A DORUAEZ & 520 T
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Fig. 1 “Fe-*Ni isotopic systematics for five troilite grains (filled circles) and associated metal

(open circles) from least equilibrated ordinary chondrites (Bishunpur and Krymka) (Tachi-
bana and Huss, 2003). The 2 ¢ uncertainty for each data point is shown as an error el-
lipse. The solid lines are error-weighted least-squares fits through the data, and the slopes
that are the “Fe/Fe ratios at the time were closed are also shown.
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Fig. 2 Isochron diagrams of “Fe-*Ni system in FeO-rich pyroxene chondrules in Semark-
ona (SMK 1-4, 2-1, and 2-4) and Bishunpur (BIS-21) (Tachibana et al., 2006). Error
ellipses represent 2 ¢ uncertainties. The dashed lines are error-weighted least-
squares fits through the data, and the slopes that are the “Fe/*Fe ratios at the time

were closed are also shown.
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Fig. 3 Calculated initial abundancesof **Al, *Ca, *Mn, and “Fe for normal-type supernovae (a-d)
and fallback supernovae (e) as a function of thestellar mass (Takigawa et al., 2008). The in-
itial abundances are normalized to those estimated for the initial solar system. Nucleosyn-
thesis models for normal-type (non-fallback) supernovae are (a) Woosley and Weaver (1995),
(b) Rauscher et al. (2002), (¢) Chieffi and Limongi (2004), and (d) Nomoto et al. (2006). Nu-
cleosynthesis models for fallback supernovae are from Woosley & Weaver (1995).
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