Oxygen and Fe Evolution: The Effect of Refractory Element Deposition Delays

Reuven Ramaty^a Richard E. Lingenfelter^b Benzion Kozlovsky^c

aNASA/GSFC, Greenbelt, MD 20771, USA, ramaty@gsfc.nasa.gov bCASS/UCSD, LaJolla, CA 92093, USA, rlingenfelter@ucsd.edu cTel Aviv University, Israel, benz@wise1.tau.ac.il

Abstract

The delay of Fe deposition relative to O, due to the incorporation of supernova ejecta refractories in high velocity grains, can account for the possible rise of [O/Fe]. The predicted behavior of refractory Mg, Si, Ca and Ti, and volatile S, appears to be consistent with this model

1 Introduction

understanding of the trend of [O/Fe] as a function of [Fe/H] in old metaldeficient stars, even though still very controversial, is an important problem in Galactic chemical evolution. In two recent publications (1; 2) on Fe, O and LiBeB evolutions we showed that the possible rise of [O/Fe] with decreasing [Fe/H] could be due the delayed deposition of refractory nucleosynthetic products (e.g. Fe) due to their incorporation into high velocity grains. Based on arguments of energetics we also showed that cosmic ray acceleration from the metal poor interstellar medium in the early Galaxy is untenable, the rise in the O abundance notwithstanding.

2 Discussion

We constructed (1) a Monte-Carlo based Galactic chemical evolution model based on the births and deaths of stars in the mass range 0.1-100 M_⊙ with an IMF which remained constant throughout the whole evolution. We allowed each core collapse supernova to eject Fe and O according to the calculations of Woosley and Weaver (3) or the values given by Tsujimoto and Shigeyama (4).

Preprint submitted to Elsevier Preprint 4 December 2000

For Fe, we added the contributions of thermonuclear supernovae, as described in detail in (1).

In order to account for the possible rise of [O/Fe] with decreasing [Fe/H], we allowed the deposition into star forming regions of the ejected Fe to be delayed relative to that of O. The possibility of incorporating such delays into the calculation is particularly easy in a Monte-Carlo approach. The delayed deposition of Fe is possible if the bulk of the refractory ejecta are incorporated into fast grains. This is supported by the observation of a gamma ray line at 1.809 MeV resulting from radioactive^{26}Al whose observed width turned out to be much larger than expected (5). The best explanation for this broadening is the incorporation of the bulk of the synthesized Al into fast supernova grains which must still be moving at velocities of about 450 km/s some million years (the mean life of^{26}Al) after the synthesis in supernovae.

Our model is consistent with the abundance ratios of the refractory α-nuclei Mg, Si, Ca and Ti relative to Fe which are also in the grains and thus do not increase with decreasing [Fe/H] below [Fe/H] = −1 [see Ryan et al. (6)]. And the model predicts that volatile S should behave like O, a trend which appears to be confirmed by Takeda et al. (7).

A different explanation for the possible the rise of [O/Fe] with decreasing [Fe/H] was presented by Qian and Wasserburg (8) in a model in which nucleosynthesis in the low metallicity era was dominated by core collapse supernovae from very massive progenitors which synthesized O and Fe in a ratio so as to fit the observed [O/Fe] vs. [Fe/H] trend. More detailed observations of the trends of the refractory and volatile elements mentioned above could differentiate between the models.

References

[1] R. Ramaty, S. Scully, R.E. Lingenfelter and B. Kozlovsky, Astrophys. J.

534 (2000) 747.

[2] R. Ramaty, R.E. Lingenfelter and Kozlovsky, in The Light Elements and their Evolution, IAU Symp. 198. L. de Silva, R. de Medeiros, and M. Spite, Eds. (2000) p. 51, astro-ph/0001466.

[3] S.E. Woosley and T.A. Weaver, Astrophys. J. Suppl. 101, (1995) 181. [4] T. Tsujimoto and T. Shigeyama, Astrophys. J. 508 (1998) 151. [5] J.E. Naya et al. Nature 384 (1996) 44.

[6] S.G. Ryan, J.E. Norris and T.C. Beers, Astrophys. J. 471 (1996) 254. [7] Y. Takeda et al. Astrophys. J. (2000) submitted. [8] Y.-Z. Qian and G.J. Wasserburg, (2000) astro-ph/0010458.

2