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Abstract. Full spectrum fitting is known as a reliable method to determine the atmospheric parameters of FGK stars, but its accuracy decreases
for either OBA or M stars. We are considering here a method where an
observed spectrum is compared to an empirical library of stars with known
parameters. Our goal are to quantify the biases on the measurements of the
cool stars when using the MILES interpolator published in Prugniel et al.
(2011), and to improve these measurements. We generate a new version of
the interpolator based on updated atmospheric parameters of MILES stars.
The comparison with the literature shows that with this new version, the
biases are considerably reduced. The mean bias of the T eff with repect to
literature is of the order of −2 K. The mean biases on log g and [Fe/H] are
respectively −0.01 and −0.04 dex. The new version of the interpolator is
available as a FITS file and the updated table of the adopted parameters for
MILES stars is available in electronic form upon request to the author.
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1. Introduction
Automatic determination of the atmospheric parameters of stars, in particular using
full-spectrum fitting, is known to be highly reliable for FGK stars (e.g. Wu et al.,
2011a). For hotter and cooler stars, these methods have difficulties in deriving precise
and unbiased results. The origins of these limitations reside in the physical aspects
ignored by a simple modelling and in the lack of good models and set of ‘standard’
stars.
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The accurate calibration of the effective temperature, T eff , is known to be critical for stellar population analysis (Prugniel et al. 2007) and it becomes a forefront
concern to set spectroscopic constraints on the initial mass function in star clusters or
galaxies. The goal of this paper is to check and improve the reliability of the determination of the parameters of the cool stars, K5-M spectral types.
Recently, Prugniel, Vauglin & Koleva (2011, hereafter PVK) and Wu et al. (2011b)
have shown that full-spectrum fitting can recover accurately the atmospheric parameters at modest resolution, ∆λλ = R ≈ 2000. Koleva & Vazdekis (2012) have shown
that these measurements remain reasonable even at R ≈ 1000. We will work here with
the MILES library (Sánchez-Blázquez et al. 2006) having R ≈ 2000 in the range λλ
3525-7500 Å and for which the atmospheric parameters were measured in PVK.
In Sect. 2 we introduce our updated compilation of the atmospheric parameters
from the literature and the adopted set of parameters for MILES. In Sect. 3 we use
ULySS (Koleva et al. 2009) and the PVK interpolator to measure the parameters of
the cool stars from MILES and we will assess the resulting biases. Finally, in Sect. 4
we present a revised MILES interpolator that we validate by fitting the MILES cool
stars.

2. Literature compilation
There are several methods for the determination of effective temperature. These methods to derive T eff can be either photometric or spectroscopic. Photometric methods
include deriving the stellar bolometric flux recovered from multi-band photometry
that allows us to derive the stellar temperature knowing the stellar radii. Stellar radii
can be measured from stellar evolution tracks, interferometry or asteroseismology.
Example of spectroscopic methods include studying the line profile of H−α line,
or comparing the observed spectra to synthesized spectra from stellar atmosphere
models.
Direct methods for the determination of effective temperature are always reliable and these methods can be used for checking the reliability of the determined
parameters using some indirect method. Therefore different litertature sources were
looked into to obtain the model independent fundamental T eff . We have used SIMBAD database for obtaining T eff using direct methods for the concerned stars. The
direct methods that we are used in the determination of fundamental T eff are ‘Narrow
and broad band photometry’ (Eggen 1971), ‘Angular diameter from lunar occulatation combined with infrared photometry’ and ‘Angular diameter measurments using
stellar Interferrometry’ .
Narrow and broad band photometry has been used to derive complete energy
distributions, photometric spectral types, and total fluxes for cool giants. Photometry
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methods have also been used to derive relation between color temperature and spectral
type and have been checked for their reliability (Dyck, Lockwood & Capps (1974)).
The stellar radii measurments are very useful in determining T eff . Knowing the
flux and angular diameter can yield a precise estimate of T eff . The effective temperature is found from the following relation:
T eff = 2341(Fbol )1/4 /φ01/2

(1)

where Fbol is in units is in units of 10−8 ergs cm−2 s−1 and φ0 is in mili-arcsec. The
quantity φ0 is the true angular diameter. The stellar angular diameter can be obtained
directly using techniques such as lunar Occultation, stellar interferrometry, speckle
photometry and indirectly from eclipsing binary systems with known distances (Smalley 2005). Only first two methods (that is lunar occulation and stellar interferrometry)
have been used in the literature compilation used by us.
In our literature compilation, several cool dwarfs have fundamental T eff determinations using InfraRed flux method. InfraRed Flux method, developed by Blackwell
& Shallis (1977) and Blackwell, Petford & Shallis (1980) relies on the fact that the
stellar surface flux at an infrared wavelength(λ0 ) is relatively insensitive to temperature. This method is almost model independent, with only the infrared flux at the
stellar surface φ(T eff , log g, λ0 ), requiring the use of model calculations:
4
σT eff
f⊕
F∗
≡
=
fλ 0
Fλ0
φ(T eff , log g, λ0 )

(2)

This method requires a complete flux distribution in order to obtain the total integrated
( f⊕ ) stellar flux.
Keeping these direct methods in the mind, we conducted a literature review for
the measurments of atmospheric parameters of 228 stars selected from MILES by
T eff < 4700 K. For the case of few stars where there was no reiable literature value using a direct method, we adopted the parameters from Cenarro et al. (2007). The study
of the literature and Cenarro, Peletier, Sánchez-Blázquez, Selam, Toloba, Cardiel,
Falcón-Barroso, Gorgas, Jiménez-Vicente & Vazdekis (2007) results in a new literature compilation which has determined parameters using either above described direct
model independent methods(if found) or averaged measurments from different indirect methods. This compilation was further used for the assessment of the biases
present in previous studies and in this work.

3. Assessments of the biases and statistics
We will use ULySS to determine the atmospheric parameters from the MILES spectra.
ULySS is a flexible program that allows one to fit virtually any kind of non-linear
models (or constrained combinations of such models) to a spectrum. In the present
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case, we will use the TGM component which is provided with the package that can
be written:
S(λ) = Pn (λ) × [ TGM( Teff , log g, [Fe/H], λ) ⊗ G( vsys , σ)]

(3)

where S(λ) is the the model to be compared to the observed spectrum. Pn (λ) is a
Legendre polynomial of degree n, and G(vsys , σ) is a Gaussian broadening function
characterized by the systemic velocity v sys , and the dispersion σ. ULySS minimizes
the squared residuals between the observed spectrum and the models. The free parameters of the minimization procedure are those of the TGM function: T eff , log g and
[Fe/H], the two parameters of the Gaussian: v sys , σ and the coefficients of Pn . v sys
absorbs the imprecision of the cataloged radial velocity of the stars that were used
to reduce them in the rest frame; σ encompasses both the dispersion of instrumental
broadening and the effect of the rotation. The Legendre polynomial replace the continuum normalization that many methods require as a preliminar step. Including it in
the main process is a solution to avoid degeneracies. This method was used in several
papers, including PVK, Wu, Luo, Li, Shi, Prugniel, Liang, Zhao, Zhang, Bai, Wei,
Dong, Zhang & Chen (2011a); Wu, Singh, Prugniel, Gupta & Koleva (2011b) and
Koleva & Vazdekis (2012).
We measured the parameters of the cool stars from MILES, selected by T eff <
3750 K in PVK. The fit was based on the wavelength range 3600-7400 Å. The original
spectrum of the star was fitted with different initial guesses of T eff , log g & [Fe/H]. As
ULySS is performing a local minimization starting from a guess vector, using various
guess vectors allows the solution to avoid being trapped in a local minimum. Those
parameters were chosen finally for which the residual between the star spectrum and
fitted spectrum was minimum.
We analysed the output catalogue, searching for biases between our measurements and the compilation presented above. We separated the dwarfs and the giants
and considered T eff < 4700 K. The biases and uncertainties are presented in Table 1
and Fig.1.

4.
4.1

Atmosheric parameters using revised interpolator

Revision of the interpolator

As implied by the statistics presented in Table 1, it was found that the determination
of effective temperature in Prugniel et al. (2011) is biased towards lower T eff for cool
stars.
So we revise the interpolator presented in PVK ( hereafter V1 interpolator). The
list of parameters in PVK was checked for biases and used to compute the revised
interpolator (hereafter V2 interpolator). Some modifications of the weights for the
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Table 1. Comparison statistics of the derived atmospheric parameters with Literature compilation

Interpolator
used

∆ log g (cm s−2 )
σ
N

µ

∆T eff (K)
σ

Na

µ

V1

−27.17

165.05

228/2

−0.18

0.37

228/3

−0.08

0.28

228/3

V2

−2.50

128.62

228/3b

−0.01

0.31

228/8c

−0.04

0.26

228/4d

µ

∆ [Fe/H](dex)
σ
N

Notes: For each parameter the µ column gives the mean difference of ‘(V1/V2) Interpolator’ − ‘Literature compilation’,
σ the dispersion between the two series and N the (Number of stars used for the comparison statistics/ Number of clipped
stars).
(a) HD 187216, HD 12014, G 156-031
(b) HD 44889, Cl* NGC 6838 AH X, HD 12014, BD+06 0648, HD 237846, G 156-031, G 171-010, HD 116544
(c) Cl* NGC 6791 GVZH R5, HD 187216, G 156-031, G 171-010

cool stars were made in deriving the new interpolator with some corrections in the
parameters in input catalogue considering our literature compilation values of the
parameters as the standard one. Some corrections were made for low log g stars and
[Fe/H] values for some stars.

4.2

Measurement of the parameters and comparison statistics

Using V2 interpolator and ULySS, we redetermined the atmospheric parameters of
228 stars using different wavelength ranges and with the different initial guesses of
effective temperature, metallicity and gravity. The quality of the fit was taken cared
while fitting the spectrum. The mean and sigma of the chi-square residuals (chisquare(V1)- chi-square(V2); chi-square values returned by ULySS) of V1 and V2
interpolator are respectively 0.38 and 1.74. To make sure that V2 interpolator does
not affect the parameters in higher T eff regime, hotter stars were also included in the
analysis.
The derived parameters were compared with the literature compilation. This comparsion of derived T eff , log g and [Fe/H] values using V1 and V2 interpolator with the
values in the literature compilation is shown in Fig 1.
The comparison statistics is given in Table 1. and it involves clipping of 3-sigma
outliers that are given in the footnote to the Table 1. There are some other significant
outliers which are labelled in the figures. These outliers were re-examined by checking the quality of the fit and reviewing the literature. The details about these outliers
is given below:
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Figure 1. Comparison of derived atmospheric parameters with the parameters in the literature.
The abscissae are the values from the literature and the ordinates those derived with the ULySS
program and one of the MILES interpolator: The derived atmospheric parameters using V1
version are shown at the left and those with the new version V2 are shown at the right. The
prominent outliers are labelled on the figure. The bold sections on the lower panels for each
parameter represents the regions of the significant biases.
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HD 12014 is a prominent 3-σ T eff and log g outlier. It is not on the Figure
because the adopted T eff (Cenarro et al. (2007)) is too high. There is a large dicrepancy
between the T eff we measure (= 4627 K) and the value from Cenarro, 5196 K. In
the input catalogue we use our measured T eff 4371 K which has a relatively large
uncertainty (108 K). This star has not studied in detail in the literature. The quality
of the fit is not very good. The chi-square value that ULySS returns is 9.85 which is
relatively high. Therefore we adopted the value from Cenarro et al. (2007).
HD 187216 is another 3-σT eff and [Fe/H] outlier. This is a carbon star. The fit is
very bad with ULySS. The values of T eff , log g and [Fe/H] measured by us are 4965
K, -0.25 and -1.79 dex while the compiled values from Cenarro et al. (2007) are 3500
K, 0.40 and -2.48 dex respectively. Since the quality of the fit is poor therefore the
atmospheric parameters for this star are adopted from the literature.
G 156-031 is the coolest star of the sample. For this star, the parameters from
literature are 2747 K, 5.09 and 0.00 dex and the determined parameters using V2
interpolator are 3383 K, 2.85 and -2.00 respectively. It is a prominent log g and
[Fe/H] outlier also. ULySS does not fit the spectrum of this star very well in the blue
region of the spectrum (chi-square and RMS are very high).
Cl* NGC 6791 GVZH R5 is a 3−σ [Fe/H] outlier. We compiled 3310 K,1.00,
0.40 dex and measured 3192 K, 0.55, -1.12 dex for T eff , log g and [Fe/H] respectively.
Worthey & Jowett (2003) mentions this star and other stars from the old open cluster
NGC 6791 and finds [Fe/H] = ±0.320±0.023±σ sys for NGC 6791 (where σ sys ≡ the
drift between star catalog’s abundance scale and the true abundance scale). The quality of the fit is also not good for this star. Therefore we believe that the measured
value of [Fe/H] for this star in this work is wrong and we adopt the compiled value.
There are some other 3-σ log g and [Fe/H] outliers which are labelled on the
Fig.1.

4.3

Significant biases and quality of the fits

Although the mean bias of the atmospheric parameters with respect to literature has
improved effectively but still there are some ranges of these parameters where the
bias is still significant. These ranges are marked with thick red line in Fig 1. Effective
temperature has a mean significant bias of ∼ 65 K in the T eff (Lit) range 3920-4000
K. Similarly derived log g values are significantly biased for dwarfs in the log g(Lit)
range 4.60-5.20. [Fe/H] values are biased for [Fe/H](lit) > −0.90 dex.
Regarding the quality of the fits, we calculated the mean and sigma of the residual
of χ2 −value (returned by ULySS) for the fit of each star using the two versions of the
interpolators and we found that mean of χ2 (V1) − χ2 (V2) is 0.38. The positive value
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of the mean of the residual shows that the quality of the fit is better using V2 than
using V1 interpolator.

5. Conclusions
We present the corrected atmospheric parameters of MILES stars cooler than T eff 6
4700 K using the improved version of MILES interpolator (V2) and ULySS. We find
that the mean bias and dispersion of derived parameters with respect to literature
compilation has effectively reduced for the stars analyzed. For the log g values, the
mean bias is negligible and for T eff the mean bias has reduced by a large amount
in the new interpolator. Though the [Fe/H] biases are not much affected in the two
versions of the interpolator. Regarding the quality of the fits we found that the χ2
value returned by ULySS has improved in V2 interpolator.
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