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  Introduction: It is widely accepted that the presence 

of short-lived nuclides (especially 
60

Fe with a half-life 

of only 1.5 MA) in primitive meteorites is evidence for 

material injected from (at least) one nearby supernova 

(SN) [1]. However, this scenario does not appear 

capable of accounting for the Early Solar System (ESS) 

concentrations of various complementary radioactive 

nuclei such as 
26

Al, 
41

Ca, and 
107

Pd [2]. The ESS 

inventory of 
26

Al, 
41

Ca, and 
107

Pd seems to be easily 

explained by nucleosynthesis models of low-mass 

(~1−3 solar masses) asymptotic giant branch (AGB) 

stars experiencing s-processing and cool bottom 

processing. This suggests that low-mass AGB stars also 

participated in the isotopic enrichment of the early 

solar nebula and these stars may explain i.e., the 

isotopic compositions measured in presolar SiC grains 

[3]. However, the low-mass AGB contamination 

scenario has difficulties in explaining the new much 

higher estimate of 
60

Fe in the ESS [4] and the 
87

Rb 

anomalies observed in some calcium- and aluminium-

rich inclusions (CAIs) [5]. This is a direct consequence 

of the marginal activation of the high-neutron density 
22

Ne neutron source in low-mass AGB stars, which 

controls the 
60

Fe and 
87

Rb production as well as other 

heavy isotopes such as 
85

Kr, 
96

Zr, 
25

Mg, 
26

Mg, etc.. 

Here we suggest that massive (>3−4 solar masses) 

AGB stars also played an important role as sources of 

long-lived and short-lived radionuclides to the solar 

nebula, just during early stages of meteorite formation. 

Supporting this claim, we have recently identified 4-8 

solar masses AGB stars that are rubidium-rich owing to 

the overproduction of the long-lived radioactive 

isotope 
87

Rb, providing the first observational evidence 

that the 
22

Ne(α,n)
25

Mg  reaction is indeed the dominant 

neutron source in these massive AGB stars [6]. Our 

study show that this type of AGB stars were also 

present in the early solar nebula and as a consequence 

of this, they may be important sources of particular 

radioisotopes such as 
87

Rb and 
60

Fe that are not 

produced in lower mass AGB stars as well as of other 

important short-lived nuclides known to be present in 

the early solar system (among others 
41

Ca and 
26

Al). 

 

  Methods: We have compared current nucleosynthetic 

AGB models with the inferred compositions of massive 

galactic O-rich AGB stars on the basis of high-

resolution optical echelle spectra obtained by using the 

Utrecht Echelle Spectrograph at the 4.2m William 

Herschel Telescope at the Spanish Observatorio del 

Roque de los Muchachos (La Palma, Spain) and the 

Cassegrain Echelle Spectrograph of the European 

Southern Observatory 3.6m telescope at La Silla, Chile 

[8].  We have been able to derive for the first time the 

stellar fundamental parameters (e.g. effective 

temperature Teff~2700−3300 K, solar metallicity 

[Fe/H]=0.0, C/O=0.5, gravity logg=−0.5, etc.)
 
of these 

stars as well as their nucleosynthesis pattern (e.g. their 

Rb and Zr abundances) [6]. For this, we have used the 

state-of-the-art synthetic models appropiate for cool O-

rich AGB spectra [6]. 

 

  Results and discussion: In massive AGB stars the 

convective envelope can penetrate the H-burning shell 

activating the so-called “hot bottom burning” (HBB) 

process, which prevents the production of carbon, 

favouring the production of nitrogen, instead. Contrary 

to lower mass AGB stars, these stars remain O-rich 

during their whole AGB evolution. The HBB process 

produces the short-lived radionuclide 
26

Al as well as 

peculiar carbon and oxygen isotopic ratios [7,8]. Then, 

the production of neutron-rich elements occurs via 

slow neutron absorption (the s-process) in the He-shell 

of these stars that takes place in thermal pulses (TP) 

[8]. The synthesized s-elements are accumulated in the 

outer envelope of these stars, being progressively 

scattered by their strong stellar winds into the 

interstellar medium (ISM). A solar system formation 

scenario inside a nebular cloud rich in massive AGB 

stars can explain peculiar isotopic anomalies found in 

primitive components of chondrites and also the 

observed abundances of some presolar grains. This 

picture is supported by different lines of evidence. 

First, we have demonstrated [6] that the radioactive 

chronometer 
87

Rb is strongly overproduced by the 

activation of the 
22

Ne neutron source in the interior of 

these HBB AGBs, affecting the overall nucleosynthesis 

of this isotope as well as other short-lived 

radioisotopes such as 
60

Fe,
 41

Ca and 
26

Al in the Galaxy. 

This may be also interesting when considering the 

origin of Rb in the galactic ISM and in our solar 
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system. Radioactive dating studies [9,10] that apply the 
87

Rb/
87

Sr method on meteorites to infer the age of our 

solar system assume that the starting conditions are 

known and that the oldest components of chondrites 

(CAIs) evolved without external exchange of 
87

Rb and 
87

Sr, but, if our scenario is correct, the initial 
87

Rb/
87

Sr 

ratio may have been altered by a nearby population of 

massive AGB stars in the early evolution of our solar 

system. As the CAIs composition apparently preserves 

the disk isotopic abundances at the time of the earliest 

solid formation [11], present measured 
87

Rb anomalies 

in Allende meteorite [5] are consistent with a picture 

where the first stages of the protoplanetary disk were 

characterized by fluctuations in the relative abundance 

of  
87

Rb. In fact, it has been suggested that a constant 

chondritic Rb/Sr ratio was not maintained in the 

protoplanetary disk regions and timescales in which 

chondritic meteorites formed [12]. These fluctuations 

can be easily explained by our scenario because TPs 

experienced by nearby massive AGB stars can lead to 

massive injection of 
87

Rb in the solar nebula, leading to 

important fluctuations (several orders of magnitude) 

with respect to the solar value.  

 

Second, massive AGB stars may easily explain the high 

level of 
60

Fe in the ESS as a natural consequence of the 

stronger activation of 
22

Ne as a neutron source [2,4,8]. 
41

Ca is other short-lived radioisotope that can be easily 

overproduced at high neutron densities together with 

heavier magnesium isotopes which are known to be 

present in the ESS. Present knowledge of the isotopic 

compositions of presolar grains is limited and certainly 

biased towards the largest grains. This is a problem 

because massive AGB stars typically are expected to 

produce very small grains (less than a micron in size) 

and the nucleosynthesis pattern characteristic of these 

stars is expected to be imprinted preferentially in the 

presolar oxide grains rather than in any kind of 

carbonaceous grains. Despite of this, it is quite 

significative the detection of presolar grains from 

massive AGB stars [13, 14]. It should also be noted 

that current theoretical models of massive AGB stars 

do not describe the extremely high Rb/Zr ratios 

observed in some of these stars [6].  These 

observations place new constraints on the physical 

processes involved and should be used to improve our 

understanding of how the 
22

Ne neutron source operates 

as well as its dependence on important parameters such 

as metallicity and mass loss rate. In any case, future 

state-of-the-art instruments and theoretical models will 

allow to constrain the importance of a massive AGB 

source to the ESS.  

 

Conclusions: We can decipher the environment in 

which the solar system formed by studying isotopic 

anomalies in primitive chondrites, and identifying the 

different sources of presolar grains. We have presented 

evidence for a nearby population of massive AGB stars 

in the early evolution of our solar system. Particularly, 

HBB processing and s-process nucleosynthesis through 

the 
22

Ne neutron source in massive AGB stars is a 

powerful mechanism for allowing the synthesis of 

certain radionuclides that had an important role as 

heating sources of primeval planetesimals. Intense 

stellar winds associated with these stars, can release 

important amounts of specific s-processed long-lived 

and short-lived radionuclides such as 
87

Rb and 
60

Fe, 

respectively, that could have altered repeatedly the 

isotopic composition of the protoplanetary disk. Some 

radionuclides (especially 
87

Rb and 
60

Fe but also 
41

Ca 

and 
26

Al among others) present in meteoritic materials 

are not necessarily associated with SN events neither 

with lower mass AGB stars. Consequently, massive 

AGB stars likely also played an important role in the 

first stages of solar system formation. 
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