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Introduction:  At least ten short-lived radionu-

clides, including 10Be, 26Al, 36Cl, 41Ca, 53Mn, 60Fe, 
107Pd, 129I, and 182Hf, existed in the early solar system, 
and the initial abundances of these short-lived radionu-
clides (SLRs) at the time of formation of the oldest 
solid objects in the solar system have been inferred 
from meteorites [e.g., 1]. Many studies have attempted 
to determine the stellar contribution to the inventory of 
SLRs in the solar system.  In a companion abstract [2], 
we propose that a mixing-fallback supernova of a mas-
sive star (>20 Msun), where the inner region of the ex-
ploding star experienced mixing and some fraction of 
mixed materials are ejected and the rests undergo fall-
back onto a collapsing stellar core [3], could be a sour-
ce of 26Al (mean life; τ=1.03 Myr), 41Ca (τ=0.15 Myr), 
53Mn (τ=5.30 Myr), and 60Fe (τ=2.20 Myr) in the solar 
system.  In [2], two parameters f0 and Δ, which are a 
dilution factor of supernova ejecta to proto-solar mate-
rials and a time interval between nucleosynthesis and 
CAI formation, respectively, were evaluated to be f0 
~10-5–10-4 and Δ ~0.7–1 Myr as the most probable 
range to explain the abundances of the above SLRs. 

In this study, we evaluate the environment of the 
solar-system forming region based on f0 and Δ obtain-
ed in [2] as discussed by [4].  Two scenarios are con-
sidered; (i) Supernova ejecta were injected into the 
protosolar molecular cloud core, which collapsed to 
form the solar system after the injection, and  (ii) The 
cloud core had already collapsed to form the proto-
planetary disk at the time of injection due to intense 
ultraviolet radiation from surrounding massive stars, 
and the supernova ejecta brought SLRs to the disk [5]. 

 
Methods:  The dilution factor f0, which was deter-

mined for mixing of the supernova ejecta with 1-Msun 
solar system materials, can be related to the distance D 
from a supernova to the solar system materials [4].  
Assuming that supernova ejecta spread spherically, f0 
can be expressed as follows; 
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where r is a radius of the proto-solar molecular cloud 
core or the protoplanetary disk, M0 is the mass of the 
molecular cloud core or the disk, and α is the injection 
efficiency, of  supernova ejecta to the molecular cloud 
core or the disk. 

In case (i), where SLRs are injected to the molecu-
lar cloud core, r is assumed to be 0.1 pc, the typical 
size of a molecular cloud core, M0 to be 1 Msun, and, α 
to be 0.1 [6].  The r, M0, and α are assumed to be 100 
AU, 0.01 Msun, and 1 [9], respectively, for case (ii), in 
which SLRs are injected to the pre-existing protoplane-
tary disk.  
 

Results and Discussion:  In case (i), D is estimat-
ed to be ~2-5 pc.  The travel time of supernova shock 
wave in a molecular cloud for several pc was evaluated 
to be <0.1 Myr, and the initial shock-wave velocity of 
~104 km/s would be decelerated to several tens km/s 
when it hit the proto-solar cloud core [7].  Such a 
shock-wave velocity is consistent with that estimated 
to compress the molecular cloud core without cutting 
into shreds [8].  If this is the case, the collapse of the 
proto-solar molecular cloud core may have been trig-
gered by the shock wave from the type II supernova 
that brought SLRs to the solar system.  Because it 
would take ~0.1 Myr for the collapse of the molecular 
cloud core and the formation of the disk, Δ of 0.7-
1Myr implies that the oldest solid objects in the solar 
system (CAIs) formed within ~1 Myr after the collapse 
of the proto-solar molecular cloud core (Fig. 1). 

In case (ii), D of ~0.3-0.8 pc was obtained, which is 
smaller than that in case (i) because of much smaller r 
of the disk than that of the cloud core.  Although the 
supernova explosion occurs at a closer distance to the 
disk compared to the case (i), a bow shock is estab-
lished when the gaseous ejecta from the supernova hits 
the protoplanetary disk, and the disk will survive pas-
sage of the supernova ejecta relatively unscathed [9]. 
Dust particles in the ejecta, containing SLRs, continue 
to travel on ballistic trajectories, passing through the 
bow shock and being vaporized when they inject into 
the disk [5, 9].  Because it takes <<0.1 Myr for SLRs 
to be injected to the disk, Δ of 0.7-1 Myr should corre-
spond to the time interval between the injection of 
SLRs and the CAI formation.  If the collapse of the 
molecular cloud core was triggered by a strong radia-
tion from the pre-supernova star that produced SLRs, 
the disk should have been present for ~1 Myr before 
the SLR injection, and thus CAIs may have formed  a 
few Myr after the disk formation (Fig. 1).  

It is difficult to evaluate which case is more plausi-
ble for the solar-system forming environment at pre-
sent.  Observation of the star-cluster forming region 
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supports case (ii) [e.g., 5], but it is not clear if high-
temperature CAI-forming events could take place in a 
disk with an age of ~2 Myr.  In case (i), CAIs should 
have formed in the early stage of the disk evolution, 
and thus there may have been more energetic high-
temperature events than the disk with the age of ~2 
Myr.  It is thus important to determine the stage of the 
disk evolution, at which CAIs formed from meteoritic 
studies. 

It should also be noted that formation of the solar 
system nearby a massive star (or massive stars) may 
have affected the evolution of the early solar system, 
e.g., truncation of the gaseous disk, mass-independent 
isotopic fractionation of oxygen isotopes due to strong 
UV radiation, and UV-induced chemical reaction. 
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Figure 1. Two scenarios for the formation of the solar system and CAIs, oldest solid objects in the 
solar system. The supernova explosion that brought SLRs to the solar system may have triggered 
collapse of the proto-solar molecular cloud core in the case (i), while the disk had already formed 
due to radiation from a massive star(s) before the supernova explosion in the case (ii). 
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