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Goal: to provide observational and theoretical
templates for understanding the age, metallicity,
and population of old stellar systems from their
spectra in the mid-ultraviolet (2300Å – 3100Å)

Products: 1) Mid-UV/optical observed spectra
   of standard field stars, open-cluster members,
   and globular clusters in Andromeda (M31)
2) Grid of theoretical stellar mid-UV spectra
3) Grid of composite mid-UV spectra

Applications: 1) Parameters of standard stars
2) Age and metallicity of M31 globular clusters
3) Properties of high-redshift systems, ERO’s



Steps: 1) Obtain mid-UV/optical stellar spectra
2) Improve parameters of mid-UV lines: Fig.1,2
3) Calculate stellar mid-UV spectral grid
4) Coadd for composite mid-UV spectral grid
5) Compare with M31 globulars: Fig. 3,4

1) STIS spectra will include:

a) E230H echelle spectra of a dozen nearby standards, for the line list
b) E230M echelle spectra of hotter stars, and G230L spectra of members
of old open clusters, plus G430L, to check the line list on real objects
c) Mid-UV and optical spectra of M31 globular clusters, for composites

2) To improve line parameters, we follow this procedure:

a) Begin with the Kurucz laboratory line list at http://kurucz.harvard.edu
b) Add more recent laboratory measurements of atomic line energy
levels and gf-values (transition probabilities)
c) Update OH molecular lines from theoretical calculations
d) Iteratively modify gf-values and add missing lines by comparison
with new STIS echelle spectra of standard stars. See Peterson, Dorman,
& Rood 2001, ApJ, 559, 372, and our contribution in the proceedings of
the NASA Laboratory Astrophysics Workshop, NASA/CP-2002-211863

Beginning with the weakest-lined stars, match individual lines to ab initio
spectral calculations based on the line list. Determine stellar parameters from
optical spectra, then calculate mid-UV spectrum. Adjust gf-values of lines that
deviate systematically. Recalculate.

Many lines absorb the mid-UV in solar-type stars but are too weak to have
been identified in the laboratory. Assume they are iron, and guess their ionization
and excitation from how their strength changes in stars of similar line strength but
different temperature/gravity. Recalculate. Repeat until all lines match in all stars

Once weak-lined stars match, repeat with progressively stronger-lined stars



3) The theoretical stellar grid will:

Include models whose temperatures and gravities span those of stars
in each major region in the color-magnitude diagram of an old stellar
population – MS turnoff, lower MS; red giants, red horizontal branch;
blue stragglers, RR Lyraes; cool and hot blue horizontal branch stars

Cover the entire relevant metallicity range: [F/eH] = –1.0, –0.8,  and
from –0.6 to +0.5 in steps of 0.1 dex

Include various mixes. For all stars, run one with the solar proportion of
elemental abundances and one in which the light elements Mg, Si, Ca,
and Ti are enhanced by a factor of two. For red giants, RHB stars, and
BHB stars, add mixtures with various degrees of CNO mixing, including
various levels of the helium abundance

First be produced over the low-metallicity range using the preliminary
line list, later fully released to the MAST archive using the final line list

4) Composite theoretical stellar spectra will:

Be constructed from weights derived from stellar isochrones, calculated
self-consistently with the above range of abundance mixtures

Be provided separately for sequences of blue stragglers and BHB stars,
whose proportions cannot yet be derived from single stellar evolution

Also be made public; method and format to be determined

5) To compare against M31 globular clusters, we will:

First use archival FOS spectra for metal-poor globulars, to test methods

Then obtain STIS spectra for these and others, to reach solar metallicity



M31 Results: Peterson et al 2003, ApJ 588, 299
from which Figures 3 and 4 are reproduced –
©2003. The American Astronomical Society. All rights reserved. Printed in U.S.A.

Coadded six theoretical stellar spectra, compared them
with archival Faint Object Spectrograph mid-UV and
optical spectra

Excellent match found by including spectra of cool blue
horizontal branch (BHB) stars and very hot extreme
horizontal branch (EHB) stars – cool BHB’s are in CMD

Metallicity [Fe/H] = –0.8 agrees very well with that found
from the G1 giant-branch by Rich et al. 1996, AJ 111,768.
But CN is much too strong in the G1 observed spectra
versus the calculations

Turnoff temperature of 6050 K, that of the Galactic halo,
suggests the same old age for G1

We conclude that G1 is old, mildly metal-
poor, but nonetheless harbors both BHB and
EHB stars. Only the UV can discern them.





In Figures 1 and 2,

we show the progress achieved to date in reproducing stellar mid-UV
fluxes. Fluxes calculated for individual stellar models (light lines) are
plotted on top of observed fluxes (heavy lines) for seven standard stars
ordered by overall line strength. The stellar HD number is given at right,
except for the top star (a BHB star on the blue horizontal branch in the
globular NGC 6752). Below it appear the effective temperature, log
gravity, [Fe/H], and relative light-element abundance of the stellar
model. Ticks denote a change of 10% relative to the maximum flux of
each plotted spectrum. At the bottom is the wavelength in Ångstroms.

In Figure 1, calculations use the unmodified 1995 Kurucz laboratory line
list. The weakest-lined stars are reasonably well matched, but as line
strength increases, discrepancies grow, especially near 2650Å and
2900Å. The total flux level near 2650Å is underestimated by a factor of
three in the bottom spectrum, that of the nearby solar twin a Cen A. In
Figure 2, based on the revised line list, this discrepancy is reduced to
~50% for the star a Cen A, and ~10% for the metal-poor star just above.

In Figure 3a and b,







spectral fluxes calculated for individual stellar models are plotted versus
wavelength for representative stellar types. One panel covers the mid-
UV, and the other, the optical, for the same stellar models, ordered from
hottest to coolest. Stellar type (defined below) and model temperature,
log gravity, and metallicity are indicated.

In the optical, the Balmer lines strengthen dramatically and the other
lines all but disappear in going from the MSTO to the cool BHB and
hotter. In the mid-UV, only the hottest model shows a rise in flux to
bluer wavelengths. Models of 10,000K and cooler do not reproduce the
elevated mid-UV flux levels below 2500Å seen in Figure 4.

In Figure 4a and b,







we compare the observed spectra (heavy line) and calculated spectra
(light line) for the mildly metal-poor Andromeda globular cluster G1.
The G1 observed spectrum is from Ponder et al. (1998, AJ 116, 2297),
dereddened by E(B–V) = 0.06. At the bottom of each panel is a
comparison for a single star, HD 106516, from Peterson et al. (2001).

Each composite spectrum is the sum of four to six stellar model spectra
of the same metallicity [Fe/H] and light-element enhancement (either
+0.2 dex or zero). Each composite includes spectra representing main-
sequence turnoff (MSTO) stars, main-sequence (MS) stars, red giants,
and red horizontal branch (RHB) stars (weighted as judged from star
counts in the color-magnitude diagram of the Galactic globular 47
Tucanae). Some include hot stars also: either the evolved BHB and
extreme horizontal branch (EHB) stars, or blue straggler stars (BSS).
The continuum slope was matched by choosing the turnoff temperature.
Metallicity was chosen to fit the optical lines.

In the optical, all of the composite-spectrum calculations match the G1
observations about as well as the stellar calculation matches HD 106516,
except for CH and CN. From the optical alone, a decent fit is achieved
with no hot stars, [Fe/H] = –0.8, and a turnoff temperature 6250K.
Adding blue stragglers fits the Balmer lines better, but at [Fe/H] = –0.5.

In the ultraviolet, composite spectra that lack hot stars fail dramatically
to reproduce the flux level below 2650Å, and give deep line cores at
2730Å (FeII) and 2800Å (MgII). This mismatch is reduced, but not
eliminated, when hot blue stragglers are added to the mix.

The best fits are obtained when both BHB and EHB stars are included.
The turnoff temperature is 200K lower compared to the fit with no hot
stars, and the metallicity a factor of two lower than in the blue stragglers
fit. Thus older ages or lower metallicities are indicated by the mid-UV.


