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Abstract. We have observed seven giants in the metal-poor globular cluster M15 using Sub-
aru/HDS. We confirmed that there are significant star-to-star variations in the neutron-capture
elemental abundances. This abundance variation means there were primordial chemical inhomo-
geneities in the proto-globular cluster cloud of M15. This result implies that there was insufficient
time for complete mixing after r-process nucleosynthesis. It suggests that the main r-process oc-
curs probably in supernovae which explode in later stages of globular cluster formation.
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There is still no widely accepted theoretical model of globular cluster formation. Since
stars of a given globular cluster generally show the same [Fe/H] within 10%, they are
believed to be formed at the same time and from the same material. However, Sneden
et al. (1997, 2000a) have reported a significant spread in [Ba/Fe] of M15 giants. If the Ba
in M15 was only produced by r-process, this scatter probably gives a clue to study the
origin of the main r-process and globular cluster formation. Unfortunately, those data did
not have enough quality for conclusive discussion except for the three giants in Sneden
et al. (2000b).

High-resolution spectra of seven giants in the metal-poor globular cluster M15 (NGC
7078, [Fe/H]/∼−2.4) were obtained via the Subaru telescope using HDS in 2004 July.
Three high-Ba stars and four low-Ba stars from Sneden et al. (1997, 2000a) were selected
as the targets since confirmation of the abundance variation in r-process elements was
part of this study. Part of spectra are shown in Fig. 2. We confirmed there is significant
scatter. The ratios of La and Eu in target stars show there are no (or insignificant)
contributions from s-processes (Fig. 3).

Since chemical composition of stars in globular clusters are believed not to be affected
by explosive events after their formation, there exists clear inhomogeneities in abundance
of neutron-capture elements in the gases from which cluster stars formed, while the lighter
elements like Fe are essentially uniform (Fig. 1). If we assume the main r-processes occur
after enough Fe enrichment, uniform [Fe/H] and the spread of neutron-capture elements
can be reproduced (Otsuki et al. 2004). Recently, Galactic chemical evolution studies by
several authors reported that main r-processes probably occurred in lighter supernovae
to reproduce observed Pop II stellar abundances (e.g., Travaglio et al. 2001). Since lighter
supernovae explode later, the main r-process in lighter supernovae is consistent with our
observational results. Detailed analysis of the timescale of supernovae shell dynamics and
star formations could answer whether globular clusters were self-enriched or not.
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Figure 1. [Eu/Fe] vs. [Fe/H].
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Figure 2. Spectra of two M15 giants,
K462 and K634.
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Figure 3. La,Eu abundances and La/Eu ratios as
a function of Tef f . La/Eu ratios in solar system
and in pure r-process derived by two different the-
oretical calculations are shown in lowest pannel.

Acknowledgements

This work is supported at the University of Chicago in part by the National Science
Foundation under Grant PHY 02-16783 for the Physics Frontier Center “Joint Institute
for Nuclear Astrophysics(JINA)”.

References
Arlandini, C., Kappeler, F., Wisshak, K., Gallino, R., Lugaro, M., busso, M., & Straniero, O.

1999 ApJ 525, 866
Burris, D., Plachowski, C.A., armandroff, T.E., Sneden, C., Cowan. J.J., & Roe, H. 2000, ApJ

544, 302
Honda, S., Aoki, W., Kajino, T., Ando, H., Beers, T.C., Izumiura, H., Sadakane, K., & Takada-

Hidai, M. 2004, ApJ 607, 474
Sneden, C., Kraft, R.P., Shetrone, M.D., Smith, G.H., Langer, G.E., & Prosser, C.F. 1997, AJ

114, 1964
Sneden, C., Pilachowski, C., & Kraft, R.P. 2000, AJ 120, 1351
Sneden, C., Johnson, J., Kraft, R.P., Smith, G.H., Cowan, J.J., & Bolte, M.S. 2000, ApJ 536,

L85
Travaglio, C., Randich, S., Galli, D., Lattanzio, J., Elliott, L.M., Forestini, M., & Ferrini, F.

2001, ApJ 559, 909

https://doi.org/10.1017/S1743921305006083 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921305006083

