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Abstract. The spectral predictions of stellar population models are not as
accurate in the ultra-violet (UV) as in the optical wavelength domain. One
of the reasons is the lack of high-quality stellar libraries. The New Generation Stellar Library (NGSL), recently released, represents a significant
step towards the improvement of this situation. To prepare NGSL for population synthesis, we determined the atmospheric parameters of its stars,
we assessed the precision of the wavelength calibration and characterised
its intrinsic resolution. We also measured the Galactic extinction for each
of the NGSL stars. For our analyses we used ULySS, a full spectrum fitting package, fitting the NGSL spectra against the MILES interpolator. As
a second step we build preliminary single stellar population models using
Vazdekis (2003) synthesis code.
We find that the wavelength calibration is precise up to 0.1 px, after correcting a systematic effect in the optical range. The spectral resolution varies
from 3 Å in the UV to 10 Å in the near-infrared (NIR), corresponding to
a roughly constant reciprocal resolution R = λ/δλ ≈ 1000 and an instrumental velocity dispersion σins ≈ 130 km s−1 . We derived the atmospheric
parameters homogeneously. The precision for the FGK stars is 42 K, 0.24
and 0.09 dex for Teff , logg and [Fe/H], respectively. The corresponding
mean errors are 150 K, 0.50 and 0.48 dex for the M stars, and for the OBA
stars they are 4.5 percent, 0.44 and 0.18 dex. The comparison with the literature shows that our results are not biased. Our first version of models
compares well with models based on optical libraries, having the advantages to be free from artifacts due to the atmosphere. In future we will
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fine-tune our models by comparing to different models and observations of
globular clusters.
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1. Introduction
Stellar population synthesis models are the backbone of archeological studies of
galactic stellar populations. When the stars cannot be individually resolved we rely
on synthesized spectral energy distributions (SEDs) of stellar populations. Observed
colours, absorption line-strength indices and also full spectra can be compared to
those obtained from synthetic SEDs to infer relevant stellar population properties,
such as age and metallicity (e.g. Tinsley 1980). Most detailed studies that require
high quality galaxy spectra and model predictions at sufficiently high spectral resolutions have been mainly performed in the optical spectral range (e.g. Trager, Worthey,
Faber et al., 1998; Koleva, Prugniel, de Rijcke et al., 2011). However, by expanding
the spectral range of the stellar population models it is possible to track the contributions of different stellar components. For example, whereas younger stellar populations contribute more to the total light in the blue and UV spectral ranges, the
older stellar components increase the flux in the red. In addition the bluer spectral
range is sensitive to the details of the core Helium burning Horizontal Branch (HB)
(e.g. Dorman, O’Connell & Rood 1995), whilst the Asymptotic Giant Branch contributes to the wavelength range red-wards the V band (e.g. Maraston 2005).
Although there is an increasing body of spectroscopic observations of galaxies
at high redshift, there is a lack of models predicting SEDs at moderately high resolution in the UV. This is to a great extent due to the lack of appropriate empirical
stellar libraries to feed these models. However, there are models predicting SEDs at
somewhat lower spectral resolutions (e.g. Bruzual & Charlot 1993; Fioc & RoccaVolmerange 1997) employing stellar libraries restricted to the solar metallicity (like
from IUE atlas, Heck, Egret, Jaschek et al., 1984).
Here we present a preliminary version of model SEDs based on a stellar library
obtained with the HST, i.e. the New Generation Stellar Library (NGSL) (Gregg, Silva,
Rayner et al., 2006). In Koleva & Vazdekis (2012) we fully characterised this library for its implementation in our models (Vazdekis, Sánchez-Blázquez, FalcónBarroso et al., 2010). Such characterization includes an homogeneous determination of the stellar atmospheric parameters, a measurement of the intrinsic resolution and the Galactic extinction for each of the stars. The resulting models not
only expand the spectral range to the UV but also have a good coverage of ages and
metallicities.
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2. New generation stellar library
The NGSL is composed of 374 stars observed with Hubble Space Telescope Imaging
Spectrograph (STIS) on-board HST with three different gratings (G230LB, G430L
and G750L), overlapping at 2990-3060 Å and 5500-5650 Å (Gregg et al., 2006). The
final spectra cover the wavelength range from ∼0.2 to ∼1.0 µm (slightly different from
star to star) and have a resolution of R∼1000. The flux-calibration reaches a precision
of 3 percent (Heap & Lindler 2009). The spectra are calibrated in air wavelengths,
with sampling varying as follows: 1.373 Å/px (λλ1675 − 3060 Å or 165 km s−1 at
2500 Å), 2.744 Å/px (λλ3060−5650 Å or 205 km s−1 at 4000 Å), 4.878 Å/px (λλ5650−
10196 Å or 183 km s−1 at 8000 Å). Details about the data reduction can be found in
http://archive.stsci.edu/pub/hlsp/stisngsl/aaareadme.pdf. We downloaded version 2 of the reduced data.
The stars were chosen to sample four metallicity groups, roughly 150 stars in
each bin: [Fe/H]< −1.5; −1.5 < [Fe/H] < −0.5; −0.3 < [Fe/H] < +0.1; +0.2 <
[Fe/H]. The library lacks some hot- and low-metallicity stars, as about 200 stars
were not observed owing to the failure of STIS in 2004, but it is well-suited to model
intermediate- and old-aged stellar populations.
To characterize the library we used ULySS (Koleva, Prugniel, Bouchard et al.,
2009) - a full spectrum fitting package which flexible nature allows to fit a spectrum
with a linear combination of template models. More information about the method
and its validation can be found in Koleva & Vazdekis (2012); Prugniel, Vauglin &
Koleva (2011); Wu, Singh, Prugniel et al., (2011).
A mandatory step of this characterization is to accurately describe and homogenize the line spread function (LSF) of the stellar spectra of the library. Our analysis
has shown that the residual shifts from the wavelenght callibration for the UV and red
gratings are small (less than 1/5th of the pixel size) and the FWHM is rougly constant
within each segment. However, we found a trend in the green segment (G430L grating), which was corrected before using them for the modelling (Koleva & Vazdekis
2012). The FWHM of the LSF is different for each segment: 3 Å in the UV, 5 Å in the
central one, and 10 Å in the NIR. Such characterization will allow us to employ the
resulting stellar population SEDs as templates for measuring the stellar ordered and
random motions in galaxies.
To implement the stellar library into our stellar population synthesis models we
need to know the atmospheric parameters (effective temperature, gravity and metallicity) of its stars. We derived them by fitting each NGSL stellar spectrum against
interpolated spectra computed with the MILES library (Sánchez-Blázquez, Peletier
et al., 2006). The interpolator produces a stellar spectrum at any set of atmospheric
parameters (Prugniel et al., 2011). More details about this function can be found
in Prugniel et al., (2011); Prugniel, Soubiran, Koleva et al., (2007) and Prugniel &
Soubiran (2001). This method works well to obtain the atmospheric parametrs for
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FGK stars, where the base library contains many stars, whilst the parameters obtained
for OBA and M stars may be biased (Wu et al., 2011; Prugniel et al., 2011).
To check the external precision we compared the derived parameters for the stars
in common to other compilations, namely MILES (Prugniel et al., 2011), CFLIB (Wu
et al., 2011) and PASTEL database (Soubiran, Le Campion, Cayrel de Strobel et al.,
2010). The obtained results are listed in Table 1. The mean errors for the FGK stars
are 42 K, 0.24 and 0.09 dex for Teff , logg and [Fe/H], respectively. For the M stars we
obtain 150 K, 0.50 and 0.48 dex, whereas for the OBA stars we obtain 4.5 percent,
0.44 and 0.18 dex. The comparison with the literature shows that our results are not
biased.
Table 1. Comparison of the atmospheric parameters with other studies. For each parameter the
∆ column gives the mean difference ‘this work’ − ‘reference’, σ the dispersion between the two
series and ∇ the slope from the linear fit. The three lines are for the OBA (Teff > 8000K), FGK
(4000 <Teff ≤ 8000K) and M (Teff ≤ 4000K) spectroscopic types, respectively. The statistics
were computed discarding the outliers.
Na

Comparison

NGSL

MILES

CFLIB

PASTEL

OBA
FGK
M
OBA
FGK
M
OBA
FGK
M
OBA
FGK
M

59
236
6
20
55
4
32
80
5
57
176
5

∆
4
4
-42
6
26
41
5
43
37
7
69
-73

Teff b
σ
3
171
120
6
115
37
3
111
23
6
196
246

∇
0.87
1.08
1.14
0.96
1.01
1.02
1.04
1.00
0.98
1.06
1.00
0.51

log g (cm s−2 )
∆
σ
∇
0.12
0.47
0.45
0.22
0.42
1.18
0.32
0.55
1.32
0.11
0.45
0.87
0.03
0.28
1.10
0.13
0.14
0.83
0.05
0.30
0.93
-0.00 0.20
1.04
0.46
0.69
0.24
0.06
0.43
0.65
0.04
0.42
1.09
-0.13 0.19
1.02

[Fe/H](dex)
∆
σ
∇
-0.10 0.60
0.56
0.09
0.34
0.94
-0.35 0.40 -0.05
-0.02 0.19
0.99
-0.00 0.11
1.01
0.08
0.19
0.06
0.03
0.22
1.03
0.04
0.11
1.01
0.17
0.29
1.00
-0.00 0.63
0.90
0.05
0.19
1.03
-0.26 0.33
0.60

a Number
b The

of compared spectra
∆ and σ of Teff are in K, except for the OBA stars, where the statistics is given in percentage.

We also estimated the extinction from the fits obtained for the NGSL spectra
with ULySS. The best fitted stellar model is multiplied by a polynomial function that
combines the uncertainty in the flux calibration and the Galactic extinction (and it
is also sensitive to template miss-match). As the accuracy of the flux-calibration of
the NGSL stellar spectra is around 2-3 % Heap & Lindler (2009) we can assume
to first approximation that the multiplicative polynomial corresponds to the extinction curve. We therefore fitted it against the Galactic extinction law from Fitzpatrick
(1999). More details can be found in Koleva & Vazdekis (2012).

3. Stellar population models
Once when the library is fully characterised we can build stellar population models.
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The code

To compute stellar population SEDs based on this library we used the models described in Vazdekis et al. (2010), which extend the spectral range of the model SEDs
presented in Vazdekis (1999) and Vazdekis, Cenarro, Gorgas et al. (2003). We briefly
summarize here the main ingredients.
The models are fed with the scaled-solar theoretical isochrones of Girardi, Bressan, Bertelli & Chiosi (2000). A wide range of ages and metallicities are covered,
including the latest stages of stellar evolution. The isochrones are computed for six
metallicities Z= 0.0004, 0.001, 0.004, 0.008, 0.019 and 0.03, respectively, where
0.019 represents the solar value. A helium fraction was adopted according to the
relation: Y ≈ 0.23 + 2.25 Z. For the thermally-pulsing (TP)-AGB phase Girardi et al.
(2000) adopt a simple synthetic prescription that, for example, does not take into account the third dredge-up. The effects of such improvements become relevant for the
near-IR spectral range (see e.g. Maraston 2005; Marigo, Girardi, Bressan et al., 2008
but also Zibetti, Gallazzi, Charlot et al., 2012).
The theoretical parameters of the isochrones are transformed to the observational
parameters by means of empirical relations between colours and stellar parameters
(temperature, metallicity and gravity), instead of using theoretical stellar atmospheres.
We mostly use the metallicity-dependent empirical relations of (Alonso, Arribas &
Martinez-Roger 1996; Alonso, Arribas & Mart1́ınez-Roger 1999, for dwarfs and
giants, respectively).
For the models shown here we adopt the initial mass function (IMF) of Kroupa
(2001) (Kroupa Universal). We set the lower and upper mass cut-offs of the IMF to
0.1 and 100 M , respectively. In a forthcoming paper we will present model SEDs for
a suite of IMF shapes and slopes, as described in the Appendix A of Vazdekis et al.
(2003).

3.2

NGSL implementation

To compute the SEDs for single-age, single-metallicity stellar populations (SSPs),
which can be considered as the building-blocks of the galaxies, we integrate the spectra of the stars along the isochrone, taking into account their number per mass bin as
dictated by the adopted IMF. The stellar spectrum for each star is computed according to its temperature, metallicity and gravity with a local interpolation as described
in Vazdekis et al. (2003).
The quality and characteristics of the resulting model SEDs depend on the input
stellar library. The NGSL provides a large wavelength coverage, unmatched by any
other empirical library at such resolution (R ∼ 1000). An advantage of the NGSL is
that it allows us to model the UV spectral range, blueward 3500 Å, where younger
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Figure 1. Stellar parameters coverage for the 374 stars of the NGSL. The left panel shows
their distribution in the Teff -logg plane. The isochrones of Girardi 2002 for solar metallicity are
plotted in solid black lines for 0.01, 0.05, 0.10, 0.50, 0.80, 1.2, 4.0 and 12.0 Gyr, from left to
right. The stars were separated into four different metallicity bins according to the legend. In
the right panel we plot the dwarf and giant distribution of stars in the Teff -[Fe/H] plane.

stellar populations pick their contributions. At latter evolutionary stages the contribution of evolved hot stars (like blue horizontal branch and blue stragglers stars) and
main sequence the turn-off (MSTO) becomes important (Heap & Lindler 2009). On
the other hand the red-giant branch (RGB) stars dominate the integrated flux in the
redder end of the spectral range covered by the NGSL. The RGB stars are nearly well
covered in the library for all the metallicities, except for the coolest stars, which also
tend to show variability that requires a specific observational strategy that has not
been considered for the NGSL.
In Fig. 1 we show the distribution of the NGSL stars on the temperature-gravity
and temperature-metallicity planes. We also overplot the isochrones of Girardi et al.
(2000) 1 . From this figure it is clear that the full NGSL wavelength range of the models (from ∼0.2 to ∼1.0 µm) is safe for old and intermediate-aged stellar populations
for the metallicity range −1.5 < [Fe/H] < −0.2 as both the dwarf and giant stars are
well distributed in temperature and metallicity.

1 Taken

from http://stev.oapd.inaf.it/cgi-bin/cmd 2.3
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Figure 2. Age (left) and metallicity (right) effects on the SSP SEDs. All the spectra were
normalized around 5500 Å and shifted with a constant for clarity. The represented ages are 0.5,
1, 2, 5, 10 Gyr from top to bottom in the left panel. The represented metallicities are [Fe/H] =
-1.5, -1.0, -0.5, 0.0, 0.2 dex from top to bottom in the right panel.

3.3

The model SEDs

We present here a preliminary set of stellar populations SEDs with ages varying from
63 Myr to 17.78 Gyr and metallicities from -1.71 dex to 0.22 dex and Kroupa Universal IMF. In Fig. 2 we show a number of newly synthesized SEDs to assess the effects
of varying the age and the metallicity. We see a weakening of the Balmer series with
increasing age and a strengthening of the metallic lines, such as e.g. Mg at ∼5200 Å
or CaT at ∼8600 Å triplets, with increasing metallicity.
To check the consistency of our new models based on NGSL we compared them
to the SEDs of Vazdekis et al. (2010), which are computed in an identical way though
based on the MILES library. Fig. 3 compares 12 Gyr and solar metallicity SSPs from
the two sets of models. ULySS was used to match the difference of resolution and
the possible differences of continuum shape. From the shape of the residuals and the
multiplicative polynomial we can conclude that flux calibrations of the two libraries
are consistent. There are however some residuals redwards 5500Å, though smaller
than 2%. Note that the space based observations have the advantage of being free
from the effects of the atmosphere.

4. Conclusions and perspectives
We fully characterised the NGSL library for its implementation in stellar population
synthesis models. This include the determination of the instrumental resolution and
the wavelength calibration accuracy along the covered wavelength range for each star.
We find that the wavelength calibration was done accurately except for a small drift in
the visible, which can be corrected by a linear function. This characterisation included
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Figure 3. ULySS fit of the NGSL SSP SED of 12 Gyr and solar metallicity using as template a
SED computed on the basis of the MILES library for the same age and metallicity. In the upper
pannel we plot in black the NGSL SSP SED and in blue the corresponding MILES based SED,
whilst the cyan line is the multiplicative polynomial used during the fit. In the lower pannel we
zoom in the residuals (NGSL-MILES), with the green line indicating 1-σ variation assuming a
signal-to-noise of 100 for the NGSL SSP SED.

the determination of the atmospheric parameters for each NGSL stellar spectrum in
an homogeneous way. Finally we also estimated the extinction affecting the stellar
spectra of this library.
We have implemented this library in our models to compute a preliminary set of
stellar population SEDs covering a wide range of ages and metallicities. The comparison of these models to the SEDs synthesized on the basis of the MILES library lead
to a good agreement with the obtained residuals generally smaller than 2%.
We aim at synthesizing a complete library of model SEDs based on the NGSL for
old and intermdiate-aged SSPs with metallicities in the range −1.7 < [Fe/H] < −0.2
for a suite of IMF shapes and slopes. These models will be properly validated with
real stellar cluster and galaxy spectra, with well known stellar population parameters.
We emphasize here the unique advantage of these models for stellar population studies
aiming at exploiting the nearly pristine UV spectral range, such as, e.g., galaxies
at higher redshift, SFH estimates by means of full spectrum-fitting approaches or
abundance ratio patterns employing the emphasized sensitivity of this spectral range
to non standard element partitions.
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Heap S., Lindler D. J. 2009, in Chávez Dagostino M., Bertone E., Rosa Gonzalez D.,
Rodriguez-Merino L. H., eds, New Quests in Stellar Astrophysics. II. Ultraviolet Properties of Evolved Stellar Populations, 273–281
Heck A., Egret D., Jaschek M., Jaschek C., 1984, in Mead J. M., Chapman R. D., Kondo Y.
eds, NASA Conference Publication, Vol. 2349, NASA Conference Publication, 507–510
Koleva M., Prugniel P., Bouchard A., Wu Y., 2009, A&A, 501, 1269
Koleva M., Prugniel P., de Rijcke S., Zeilinger W. W., 2011, MNRAS, 417, 1643
Koleva M., Vazdekis A., 2012, A&A, 538, A143
Kroupa P., 2001, MNRAS, 322, 231
Maraston C., 2005, MNRAS, 362, 799
Marigo P., Girardi L., Bressan A., et al., 2008, A&A, 482, 883
Prugniel P., Soubiran C., 2001, A&A, 369, 1048
Prugniel P., Soubiran C., Koleva M., Le Borgne, D., 2007, ArXiv Astrophysics e-prints: astroph/0703658
Prugniel P., Vauglin I., Koleva M., 2011, A&A, 531, A165+
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