Stellar Lunch

Blue Supergiants as distance and
stellar metallicity measures
in the Local Volume

David Nicholls
24 November 2009

Abstract
Rolf Kudritzki and co-workers at the IfA, University of Hawaii (and elsewhere) have, over the past
14 years, been developing techniques to use low resolution spectroscopy of distant B-A supergiants
to measure stellar metallicity, surface gravities, reddening and extinction, absolute bolometric magnitudes and distances. With the current 8-10 metre class telescopes the technique permits these measurements out to distances approaching 10Mpc. This talk will be about their latest methods and their
basis.
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metallicity ([Z] = logZ/Z⊙ = -1.30 to 0.3). The total grid comprises more than 6000 models.
The analysis of the each of the 24 targets in NGC 300 proceeds in three steps. First, the stellar
parameters (Teff and log g) are determined together with interstellar reddening and extinction,
then the metallicity is determined and finally, assuming a distance to NGC 300, stellar radii, luminosities and masses are obtained. For the first step, a well established method to obtain the
stellar parameters of supergiants of late B to early A spectral type is to use ionization equilibria
of weak metal lines (OI/II; MgI/II; NI/II etc.) for the determination of effective temperature Teff

Figure 1. Left:Isocontours of Hδ equivalent widths (solid) and Balmer jump DB (dashed) in the
(log g, log Teff ) plane. Hδ isocontours start with 1 Å equivalent width and increase in steps of 0.5 Å. DB
isocontours start with 0.1 dex and increase by 0.1 dex. Right: Same as left but for the flux weighted gravity
log gF instead of gravity log g. Note that this diagram is independent of metallicity, since both the strengths
of Balmer lines and the Balmer jump depend only very weakly on metallicity.

Figure 5: from Kudritzki et al. (2008a)
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curately enough. Fortunately, the non-orthogonal behaviour of the fit curves in the left part of
Fig. 1 leads to errors in Teff and log g, which are correlated in a way that reduces the uncertainties
of log gF . This is demonstrated in right part of Fig. 1, which shows the corresponding fit curves
of the Balmer lines and DB in the (log gF , log Teff ) plane. As a consequence, much smaller uncertainties are obtained for log gF , namely ± 0.10 dex. KUBGP give a detailed discussion of
physical reason behind this.

Figure 2. Left: Model atmosphere fit of two observed Balmer lines of NGC300 target No. 21 of KUBGP
for Teff = 10000 K and log g = 1.55 (solid). Two additional models with same Teff but log g = 1.45 and 1.65,
respectively, are also shown (dashed). Right: Model atmosphere fit of the observed Balmer jump of the
same target for Teff = 10000 K and log g = 1.55 (solid). Two additional models with the same log g but Teff =
9750 K (dashed) and 10500 K (dotted) are also shown. The horizontal bar at 3600 Å represents the average
of the flux logarithm over this wavelength interval, which is used to measure DB .

Figure 6: from Kudritzki et al. (2008a)
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termine interstellar reddening E(B-V) and extinction AV = 3.1 E(B-V). Simultaneously, the fit
also yields the stellar angular diameter, which provides the stellar radius, if a distance is adopted.
Alternatively, for the stellar parameters (Teff , log g, [Z]) determined through the spectral analysis
the model atmospheres also yield bolometric corrections BC, which we use to determine bolometric magnitudes. These bolometric magnitudes then also allow us to compute radii. The radii
determined with these two different methods agree within a few percent. Gieren et al. (2005a)

Figure 3. Synthetic metal line spectra calculated for the stellar parameters of target No.21 as a function of
metallicity in the spectral window from 4497 Å to 4607 Å. Metallicities range from [Z] = -1.30 to 0.30,
as described in the text. The dashed vertical lines give the edges of the spectral window as used for a
determination of metallicity.

Figure 7: synthetic spectra vs metallicity from Kudritzki et al. (2008a)
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more massive than the rest because of their lower gravities are also the most luminous objects.
This confirms that quantitative spectroscopy is -at least qualitatively - capable to retrieve the
information about absolute luminosities. Note that the fact that all the B supergiants studied by
Urbaneja et al. (2005) are more massive is simply a selection effect of the V magnitude limited
spectroscopic survey by Bresolin et al. (2002). At similar V magnitude as the A supergiants
those objects have higher bolometric corrections because of their higher effective temperatures
and are, therefore, more luminous and massive.
Fig. 6 shows the stellar metallicities and the metallicity gradient as a function of angular galac-

Figure 4. Left: Observed spectrum of target No. 21 for the same spectral window as Fig. 3 overplotted by
the same synthetic spectra for each metallicity separately. Right: χ ([Z]) as obtained from the comparison
of observed and calculated spectra. The solid curve is a third order polynomial fit.

Figure 8: Metallicity estimation, from Kudritzki et al. (2008a)
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decades, such model atmospheres are still not available for routine applications. In the following we investigate the suitability
of existing models for our task, their robustness for the applications and their limitations. The criterion applied in the end will
be their ability to reproduce the observations in a consistent
way.

Model atmospheres
3.1. Comparison of contemporary model atmospheres

Figure 9:
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Two kinds of classical (plane-parallel, hydrostatic and stationary) model atmospheres are typically applied in the contemporary literature for analyses of BA-SGs: line-blanketed
LTE atmospheres and non-LTE H+He models (without lineblanketing) in radiative equilibrium. First, we discuss what effects these diﬀerent physical assumptions have on the model
stratification and on synthetic profiles of important diagnostic
lines. We therefore include also an LTE H+He model without line-blanketing and additionally a grey stratification in the
comparison for two limiting cases: the least and the most luminous supergiants of our sample, η Leo and HD 92207, of
luminosity class (LC) Ib and Iae. The focus is on the photospheric line-formation depths, where the classical approximations are rather appropriate – the velocities in the plasma remain sub-sonic, the spatial extension of this region is small
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Hertzsprung-Russell diagram, or the Luminous Blue Variables.
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