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Introduction:  Despite years of effort, a proper 
understanding of the abundances of short-lived ra-
dioactivities in the early Solar System remains elusive.  
Particularly challenging is the discrepancy between 
26Al, with a lifetime of 106 years and an abundance 
ratio  26Al/27Al of 5 x 10-5 [1], and 60Fe, with a lifetime 
of ~3.4 x 106  years and an initial Solar abundance 
ratio 60Fe/56Fe of ~2 x 10-8 [2].  Chemical evolution 
models that show sufficiently high 26Al tend to show 
too high a value of 60Fe.  It may be that Solar System 
processes remove volatile 60Fe in carrier dust before it 
can be incorporated into planetary bodies, thus allow-
ing for high 26Al without excess 60Fe [3]. 

In this brief paper. we consider the evolution of 
short-lived radioactivities in a multi-phase chemical 
evolution model.  We place the star formation in the 
context of full Galactic chemical evolution in a effect 
to shed light on the possible evolution of 26Al and 60Fe.   

Inhomogeneous Chemical Evolution Model: We 
use the nucnet-project ICE (Inhomogeneous Chemical 
Evolution).  ICE is built on top of the multi-zone Nuc-
Net Tools model, which follows time-dependent mix-
ing and nuclear reactions in a set of coupled reaction 
networks.  For this particular study, we constructed a 
circular array of 32 zones to represent the Solar annu-
lus.  The mass of the annulus builds up by infall of gas 
from a metal-poor halo.  We choose a infall timescale 
for the annulus of 1 Gyr and a final total mass of 108 
solar masses (1 solar mass = 1 M⦿ ).  Stars form in the 
gas according to a Schmidt law with an exponent 1.4 
[4].  We include the effect of three spiral arms by al-
lowing mass concentrate in particular zones in the an-
nulus according to a time-varying law such that each 
zone in the annulus experiences a mass build up (and 
enhanced star formation) three times every 200 Myr. 

During each time step, we compute the number of 
stars from the star formation rate from a Poisson distri-
bution.  For each star that forms, we use a random 
number generator to determine the star’s mass from an 
initial mass function [5].   We record the star and its 
starting composition (the composition of the cloud 
from which it forms at the formation time).  We also 
compute, from the stellar mass, the time the star will 
die (its lifetime).  We keep track of the stars in a priori-
ty queue such that the star at the top of the queue is the 
first to die and eject its matter.  We evolve the full sys-

tem and update abundances (with the appropriate de-
cay rates and a mixing timescale between zones, as 
needed, and move on to the next time step of duration.  
When a star explodes, we mix the ejecta from that star 
into its local zone and pop the exploding star from the 
priority queue.  Annulus zones mix on a time scale of 
105 years such that the annulus itself would tend to mix 
in roughly 108 years. 

Fig. 1 shows the evolution of gas mass in the Solar 
annulus in our model for a particular star formation 
timescale coefficient of 2500 yr (that multiplies the 
Schmidt law).  The annulus gas mass rises as infall 
occurs and then falls as gas gets locked into stars.  This 
particular choice of timescale coefficient gives a 
roughly correct [6] gas mass fraction of ~0.14 at the 
current time (taken to be 13 Gyr). 

!
Figure 1:  Gas mass in the solar annulus for a star for-
mation coefficient of 2500 yr. 

With the star formation coefficient of 2500 yr, we 
then modeled the 2 x 108 years of evolution prior to the 
Sun’s birth.  Fig. 2 shows the 26Al/27Al and 60Fe/56Al 
ratios in solar-mass stars that formed during this peri-
od.  As is evident, these stars form with a range of val-
ues of these ratios, but the 60Fe/56Fe ratio is mostly 
high and the 26Al/27Al ratio is too low. 

We next considered a higher star formation rate.  In 
particular, we chose a star formation coefficient of 500 
yr.  The results of this calculation are shown in Fig. 3.  
The higher star formation rate allows the 26Al/27Al 
ratio to be larger, but the 60Fe/56Fe ratio is typically 
even larger than for the 2500 yr case.  More problemat-
ic is the fact that the 500 yr star formation coefficient 
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resulted in a current gas mass ratio of only 2% in our 
full evolution calculation with this coefficient.  This is 
too low compared to astronomical observations [6].  

!
Figure 2:  Aluminum and iron ratios in stars forming 
shortly before the Sun with a star formation coefficient 
of 2500 yr.  The dashed lines give the observed early 
solar-system values. 

!
Figure 3:  Aluminum and iron ratios in stars forming 
shortly before the Sun with a star formation coefficient 
of 500 yr. 

We next considered our 2500 year star formation coef-
ficient but modeled the stellar ejecta mixing into hot 
zones (heated by stellar radiation and winds).  The 
ejecta then mixed from the hot zones into cold star 
forming regions on a time scale of 107 year.  Fig. 4 
shows the 26Al/27Al and 60Fe/56Fe ratios in solar-mass 
stars forming in the 200 Myr years before the Sun’s 
birth for this calculation.  It is clear that many stars 
match the 60Fe abundance well, but the 26Al abundance 
is low.  Interestingly, we find that roughly solar abun-

dances of other short-lived radioactivities, such as 
182Hf and 107Pd, result for this model 

    Conclusions:  Our models with star formation rates 
consistent with the current Galactic gas mass ratio give 
too low a value for 26Al/27Al in solar systems forming 
at the time of the Sun’s birth.  Our models can obtain 
fairly high 26Al/27Al ratios in forming solar systems if 
we choose a high star formation rate.  The difficulties 
are 1) that the 60Fe/56Fe ratio ends up high and 2) the 
necessary star formation rate results in too low a Ga-
lactic gas mass ratio at the current time.  Models with a 
star formation rate consistent with the current Galactic 
gas mass ratio can give a 60Fe/56Fe ratio in reasonable 
agreement with the solar value if we imagine stellar 
ejecta being mixed into hot interstellar material that 
then must mix on a ~10 Myr time scale into cold, star 
forming gas.  In such a model, the 26Al is too low 
compared to the solar abundance.  To explain this, we 
must appeal to special injection of this isotope (e.g., 
[7]). 

!   
Figure 4:  Aluminum and iron ratios in stars forming 
shortly before the Sun with a star formation coefficient 
of 500 yr. 
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