Li-Rich Giants in Globular Clusters
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The Globular Cluster Lithium Survey

Observations of over 700 giants in more than a dozen globular clusters have revealed more than two dozen stars with weak but detectable lithium resonance lines.  The globular cluster li-rich giants have been found through a survey carried out with the Hydra Multi-object Spectrograph on the 3.5-m WIYN Telescope.  

Spectra of globular cluster giants with detectable lithium features are shown in Figures 1a-1d.  The spectra are of moderate resolution (R=14,000) with S/N ratios from about 20 to over 100, depending on the magnitudes of the stars, and cover the wavelength range from 6450-6800 Å.  The spectra have not been corrected for radial velocity, so the Li I feature appears shifted relative to its nominal wavelength at 6707 Å.
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Fig. 1a – 1d

Color-magnitude diagrams for four clusters are shown in Figure 2.  Open symbols represent all proper motion cluster members, and filled symbols represent stars actually observed as part of this survey.  Stars with lithium features are circled in blue.  The li-rich giants occur either at luminosities near the horizontal branch at MV  =  +0.5 or at higher luminosities closer to the tip of the giant branch.
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Fig. 2

Comparison to Field Metal-Poor Stars

The cluster giants with detectable Li I features are compared to field metal-poor stars (Gratton 2000) in Figure 3, showing the measured lithium abundance vs. Log  L/L<.  Temperatures used in the determination of the lithium abundance have been obtained from the V-K vs. Teff calibration of Cohen et al. (1978), relying on a B-V vs. V-K calibration for each cluster.  Gravities have been obtained from the absolute magnitudes assuming a mass of 0.8 M<. 

The cluster giants with Li I fall into two groups.  Stars near Log L/L< = 1.8 have lithium abundances similar to field giants, consistent with dilution from an initial main sequence lithium abundance of 2.3.  At somewhat higher luminosity (Log L/L< = 2.8) are giants with higher lithium abundances than are seen among typical field giants at the same luminosity.  These cluster giants may be enriched in lithium similar to (but less extreme than) M3’s IV-101 found by Kraft et al. (1999).
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Fig. 3

Results

The lithium found in lower luminosity cluster giants is comparable to the amount observed in field halo giants at the same absolute magnitude, and is consistent the amount expected after convective 

dilution if the initial cluster lithium abundances were similar to those of field halo stars.  Note, however, that Li I has not been detected in most cluster giants at this luminosity; it is possible that slightly weaker Li I might be detected in spectra of higher spectral resolution and S/N ratio. The luminosity of these giants is also consistent with lithium production at the luminosity function bump associated with the hydrogen-burning layer reaching the mean-molecular weight discontinuity left from deepest extent of the convective envelope (Charbonnel & Balachandran 2000).  

Approximately 6% of cluster giants brighter than MV  =  –0.75 show measurable lithium.  This luminosity is considerably higher than that of the luminosity function bump.  Thus, the lithium production mechanism discussed by Charbonnel and Balachandran (2000) for this phase of evolution may not apply to these higher luminosity cluster giants.  Pinsonneault & Richard (2000) have explored an alternative explanation involving steep internal differential rotation.

The number of  luminous cluster giants surveyed exceeds the number of field giants observed at the same evolutionary phase, and such li-rich giants may still be found in the field population if a larger sample of metal-poor, high luminosity giants can be identified and surveyed.
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