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ABSTRACT
Both the asteroseismic and planetary studies need precise and accurate atmospheric
parameters of the stars as input. We aim at deriving the effective temperature (Teff),
the surface gravity (log g), the metallicity ([Fe/H]), the projected rotational velocity
(v sin i) and the MK type for 169 F, G, K, and M-type Kepler targets which were
observed spectroscopically from the ground with five different instruments. We use
two different spectroscopic methods to analyse 189 high-resolution, high-signal-to-
noise spectra acquired for those 169 stars. For 69, Teff , log g, [Fe/H], v sin i, and the
MK type are derived for the first time. KIC 9025370, 9693187 and 11179629 are
discovered to be double-lined spectroscopic binary systems. The results obtained for
those stars for which independent determinations of the atmospheric parameters are
available in the literature are used for a comparative analysis. As a result, we show that
for the solar-type stars the accuracy of the present determinations of Teff is ± 150 K,
± 0.15 dex in [Fe/H], and ± 0.3 dex in log g. Finally, we confirm that the analysis
of the curve-of-growth and the method of the spectral synthesis yield systematically
different results when they are applied to stars of Teff ranging from 6,000 to 7,000 K.
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? Based on observations acquired at the Canada-France-Hawaii
Telescope (CFHT) which is operated by the National Research

Council of Canada, the Institut National des Sciences de l’Univers
of the Centre National de la Recherche Scientifique of France,
and the University of Hawaii, the Telescope Bernard Lyot
(USR5026) operated by the Observatoire Midi-Pyrénées (Univer-

sité de Toulouse and the Institut National des Science de l’Univers
of the Centre National de la Recherche Scientifique of France), the
Nordic Optical Telescope, operated jointly by Denmark, Finland,
Iceland, Norway, and Sweden, and with the Mercator telescope,

operated by the Flemish Community, both located on the island

of La Palma at the Spanish Observatorio del Roque de los Mucha-
chos of the Instituto de Astrof́ısica de Canarias, and the M.G. Fra-
castoro station of the INAF - Osservatorio Astrofisico di Catania,
Italy. The Mercator observations were obtained with the HER-

MES spectrograph, which is supported by the Fund for Scientific
Research of Flanders (FWO), Belgium, the Research Council of
K.U.Leuven, Belgium, the Fonds National de la Recherche Sci-
entifique (FNRS), Belgium, the Royal Observatory of Belgium,
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1 INTRODUCTION

Since March 2009, the 105 deg2 field located between the
constellations of Cygnus and Lyra has been continuously
monitored by the NASA space mission Kepler (Borucki et
al. 2003; Koch et al. 2010). The Teff , log g, and [Fe/H] of
the stars in the Kepler field of view, derived from the Sloan
griz photometry, are provided in the Kepler Input Catalog
(KIC, Brown et al. 2011) which was created with the aim
of providing the distinction between main-sequence stars
and giants in the temperature range from 4,500 to 6,500 K.
Within that range, the nominal precision of Teff in the KIC
is 200 K and 0.5 dex in log g. Beyond those limits, the Teff

and log g in the KIC become imprecise, while the estimates
of [Fe/H] are poor in general (Brown et al. 2011). Therefore,
ground-based follow-up observations are essential informa-
tion because they provide the precise and accurate atmo-
spheric stellar parameters needed for detailed asteroseismic
and planetary studies of the Kepler targets.

Systematic observations aiming at deriving the atmo-
spheric parameters of stars in the Kepler field were started
well before the Kepler satellite was launched (see Molenda-
Żakowicz et al. 2007). After the successful launch of the
mission more programmes of ground-based follow-up obser-
vations started. Eventually, in the frame of the Kepler Aster-
oseismic Science Consortium1 (KASC) it has been decided
that the most optimal approach to observing Kepler stars
from the ground should consist of a series of coordinated pro-
posals for spectroscopic and photometric observations (see
Uytterhoeven et al. 2010a,b).

In this paper, we report on the results of those observa-
tions. In Sect. 2, we outline the method of selecting targets.
In Sect. 3, we provide the information about the instru-
ments and the data acquisition, reduction and calibration.
Our methods of the analysis are described in Sect. 4. In
Sect. 5, the atmospheric parameters are provided and com-
pared with the other determinations reported in the litera-
ture. Sect. 6 contains the discussion of the accuracy of our
results and the accuracy of the determinations of the atmo-
spheric parameters of the solar-type stars. Sect. 7 provides
the summary.

2 TARGET SELECTION

The stars which were observed with the FRESCO spec-
trograph at the 91-cm telescope at INAF-OACt (the prin-
cipal investigator: JM-Ż) were selected from those faint
(V > 8 mag), mid-F (B − V > 0.5 mag), close (the par-
allax π > 20 mas) stars in the Tycho catalog (Hog et al.
2000) which have optical counterparts of X-ray sources in
the ROSAT All-Sky Survey Catalogue (see Guillout et al.
1999). These stars were proposed for Kepler asteroseismic
targets and for the follow-up ground-based observations by
AF in the first call for proposals announced by KASC.

The selection of stars to be observed with the FIES
spectrograph at the NOT (the principal investigator: KU)

the Observatoire de Genève, Switzerland and the Thüringer Lan-
dessternwarte Tautenburg, Germany.
1 http://astro.phys.au.dk/KASC/

and these for the HERMES spectrograph at the Merca-
tor telescope (the principal investigators: MB and EN) was
based on the requests of the KASC community which were
submitted by the chairs of seven working groups (WGs):
Solar-like p-mode Oscillations (WG 1), Oscillations in Clus-
ters (WG 2), Beta Cephei Stars (WG 3), Delta Scuti
stars (WG 4), Slowly Pulsating B-stars (WG 6), Cepheids
(WG 7), and Gamma Doradus stars (WG-10). In this paper,
we report on those stars which are cooler than 7,000 K. The
atmospheric parameters derived for the hotter targets will
be published by Niemczura et al. (in prep.) and Catanzaro
et al. (in prep.)

Our list of the programme stars includes also these Ke-
pler targets which were observed with the ESPaDOnS spec-
trograph at the Canada-France-Hawaii Telescope and the
NARVAL spectrograph at the Bernard Lyot Telescope, and
for which the data are now public.

The total number of spectra which we analyse is 189.
However, because 15 stars were observed with two instru-
ments and one star, with three, the number of the individual
stars discussed in this paper is 169. The stars with multiple
observations are used for an internal check of the consistency
of our results. Those for which Teff , log g, and [Fe/H] have
been published by Bruntt et al. (2012) or Thygesen et al.
(2012) are included for the sake of analysing possible differ-
ences in the results obtained by means of different methods.

3 OBSERVATIONS

Our programme stars were observed with five different in-
struments. Their names are provided in Table 1 which lists
also the names of the telescopes, the acronyms of observato-
ries, the number of acquired spectra (N), the year in which
the data were acquired, the spectral range and the resolving
power (R) of the spectra, the exposure time, and the typical
signal-to-noise ratio (S/N) along with the location in the
spectrum where it was measured.

For all the instruments, the bias and the flat field mea-
surements were acquired in the evening and in the morning.
The spectra of the calibration lamps were acquired in the
same time and occasionally during the night. Only for FIES
the calibration lamps were acquired before each science ob-
servation. The procedures of the data reduction and calibra-
tion included the correction for bias and flat field, extraction
of the orders, the wavelength calibration, and the cleaning
from the cosmic rays. The normalization of the spectra to
the level of unity was done manually with IRAF2.

3.1 FIES

FIES (FIber-fed Echelle Spectrograph) is a cross-dispersed
high-resolution échelle spectrograph mounted on the 2.56-m
Nordic Optical Telescope (NOT) at the Observatorio Roque
de los Muchachos (ORM) on La Palma, Spain. We used the
medium-resolution mode (R = 46, 000) to observe the bright
stars (V < 10 mag), and the low-resolution mode (R =

2 IRAF is distributed by the National Optical Astronomy Obser-
vatory, which is operated by the Association of Universities for
Research in Astronomy, Inc.
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Table 1. The summary of the instruments and the observations.

Instrument Telescope Observatory N Year of Spectral R texp S/N
observations range [Å] [s]

FIES NOT ORM 4 2010-2011 3700-7300 46,000 420-2050 100 at 4900 Å
FIES NOT ORM 4 2010-2011 3700-7300 25,000 1500-2600 100 at 4900 Å

FRESCO 91-cm INAF-OACt 18 2009-2010 4300-6800 21,000 2700-4200 80 at 6500 Å
HERMES Mercator ORM 20 2010-2011 3800-9000 85,000 500-2600 90 at 6500 Å
NARVAL TBL Pic du Midi 50 2010 3700-10500 75,000 < 900 100 at 5200 Å

ESPaDOnS CFHT CFH 91 2010 3700-10500 80,000 < 900 100 at 5200 Å

25, 000), for the faint (V > 10 mag). The observations were
carried out by EN and JL. The spectra were reduced and
calibrated using the dedicated reduction software FIEStool
(Stempels 2004) that is based on existing standard IRAF
reduction procedures.

3.2 FRESCO

FRESCO, now de-commissioned, was a fiber-linked REOSC
échelle spectrograph attached to the 91-cm telescope at the
INAF -Osservatorio Astrofisico di Catania (INAF-OACt),
Italy. The observations were carried out by JM-Ż. The data
were reduced and calibrated with IRAF.

3.3 HERMES

HERMES is a fiber-fed échelle spectrograph attached to the
Flemish 1.2-m telescope Mercator on La Palma, Canary Is-
lands, Spain. It is optimised for high resolution, stability,
and broad wavelength coverage which is achieved primarily
by implementing an image slicer, an anti-fringe CCD coat-
ing, and a thermal enclosure (Raskin et al. 2011). We used
that instrument to observe stars brighter than V = 10 mag.
The observations were carried out by DD, PL, JG, NG, DV,
SB, and CJ. The data reduction and calibration were per-
formed with a dedicated Python-based pipeline (Raskin et
al. 2011).

3.4 ESPaDOnS and NARVAL

The ESPaDOnS and the NARVAL spectrographs are very
similar instruments. ESPaDOnS is mounted at the 3.6-m
Canada-France-Hawaii Telescope in the USA while NAR-
VAL is mounted at the 2-m Bernard Lyot Telescope at the
Pic du Midi Observatory in France. Both instruments ob-
served the Kepler targets in the service mode. All those data
are available at the public archive of the Canada-France-
Hawaii Telescope (CFHT) Science Data Archive and the
CNRS/INSU CDAB/Bass2000 TBLegacy database. The re-
duction and calibration of the ESPaDOnS and NARVAL
data were performed as part of the service programme by
means of the data reduction software Libre-ESpRIT writ-
ten and provided by J.-F. Donati from IRAP, Observatoire
Midi-Pyrénées (Donati et al. 1997).

4 METHODS OF THE ANALYSIS

4.1 ROTFIT

The code ROTFIT which we used for deriving Teff , log g,
[Fe/H], v sin i, and the MK type of all the 169 stars from
our sample was developed by Frasca et al. (2003, 2006). This
method is similar to that of Katz et al. (1998) and Soubiran
et al. (1998). It consists of comparing the spectra of the
programme stars, order by order, with the spectra of the
reference stars for which the atmospheric parameters are
precisely measured from high-resolution, high-S/N spectra.
The MK classification of the target spectrum is inferred by
adopting the spectral type and the luminosity class of those
reference stars which occur most frequently. For the measure
of the agreement of spectra, the value of χ2 is used. As shown
by Frasca et al. (2006), this method allows for simultaneous,
fast and accurate determination of Teff , log g, [Fe/H], v sin i
and the MK type even from spectra of low signal-to-noise
ratio or moderate resolution.

The atmospheric parameters of the programme stars are
computed as the weighted means of the astrophysical param-
eters of the ten reference stars which best reproduce the tar-
get spectrum, separately in each order. Therefore, per each
order weighted averages and standard errors are computed
for each of the atmospheric parameters, so that the values
from individual orders can be averaged using σ−2χ−2f for
a weight. Here, χ−2 accounts for differences between orders
due to different S/N and the goodness of the fit, while f is
proportional to the total absorption of lines in each individ-
ual order. The factor f allows for correction for the different
amount of information contained in the blue and the red
orders which contain different number of the spectral lines,
and it gives more weight to the orders which contain strong
and broad lines.

Our library of the reference stars contains 221 high-
resolution (R = 42,000), high-S/N spectra of slowly rotat-
ing stars acquired with the fiber-fed échelle spectrograph
ELODIE at the Haute-Provence Observatory which are
available from the ELODIE archive (Prugniel & Soubiran
2001). The atmospheric parameters of most of those stars
were adopted from the PASTEL catalogue (Soubiran et al.
2010) which provides a literature compilation of stellar at-
mospheric parameters derived from high-resolution, high-
S/N spectra.

c© 2002 RAS, MNRAS 000, 1–??
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4.2 ARES+MOOG

The spectroscopic stellar parameters (Teff , log g, ξt, and
[Fe/H]) were derived following the same procedure as that
used in the previous works (Santos et al. 2004; Sousa et al.
2006, 2008, 2011a,b). This method is based on the measure-
ment of the equivalent widths (EW s) of the Fe I and Fe II
weak absorption lines and then imposing the excitation and
the ionization equilibrium assuming the LTE approximation.
The 2002 version of the code MOOG (Senden 1973) is used
together with the grid of the Kurucz Atlas 9 plane-parallel
model atmospheres (Kurucz 1993). In this procedure, [Fe/H]
is the proxy of metallicity. The equivalent widths are mea-
sured automatically with the ARES code (Automatic Rou-
tine for line Equivalent widths in stellar Spectra) by Sousa et
al. (2007) which successfully reproduces the common man-
ual, interactive determination of EW s.

Since both ARES and MOOG are the core codes used
in this method, we refer to it as to ARES+MOOG. Never-
theless, we would like to emphasise that these two codes do
not fully describe this method. One of its unique charac-
teristics is the list of the iron lines. Although a preliminary
large list of nearly 500 lines was compiled from the Vienna
Atomic Line Database (Kupka et al. 1999), the final list
includes nearly 300 lines that were carefully tested when
automatically measured with ARES (Sousa et al. 2008). An-
other important aspect of that list are the adopted atomic
parameters for each line: The oscillator strengths (log gf) of
the lines were recomputed through an inverse analysis of the
Solar spectrum allowing this way to perform a differential
analysis relatively to the Sun.

The errors of the parameters derived with
ARES+MOOG were obtained by quadratically adding
60 K, 0.1 and 0.04 dex to the method’s intrinsic errors
in Teff , log g, and [Fe/H], respectively. The former values
were obtained by measuring the typical standard deviation
of the parameters discussed by Sousa et al. (2008). A
more complete discussion about the errors derived for this
spectroscopic method can be found in Sousa et al. (2011a).

Since we adopt a differential analysis (using the Sun for
the reference), this method is expected to work very well for
solar-type stars and to be less accurate for the cooler and the
hotter stars, and those which are significantly different from
the Sun. For this reason, we don’t provide results for stars
cooler than around 4,500 K. Moreover, since ARES+MOOG
requires precise measurements of the EW s, we don’t provide
results for stars showing v sin i > 10 km s−1, which causes
the line blending and consecutive problems for the precise
determination of EW , and those observed with a resolving
power R < 25, 000.

5 ATMOSPHERIC PARAMETERS

The parameter Teff , log g, [Fe/H], and v sin i with their stan-
dard deviations, and the MK types derived with the ROTFIT
code are listed in columns 2-10 of Table 2. The Teff , log g,
[Fe/H], and ξt with their standard deviations derived with
ARES+MOOG are listed in columns 11-18. The KIC num-
bers of the stars are provided in the first column and the
names of the instrument, in the last. We use bold font for
the KIC numbers of these stars for which the atmospheric

parameters are derived for the first time. Whenever an in-
strument name is written in bold font, it indicates that the
respective spectrum is first analysed in this paper.

Table 2 does not include KIC 9025370, 9693187 and
11179629 which we detect lines of both components in the
spectrum. We classify those stars as double-lined spectro-
scopic binaries (SB2) and do not compute for them the at-
mospheric parameters.

For KIC 6370489, 10709834, and 10923629 we do
not provide the atmospheric parameters obtained with
ARES+MOOG. In the spectrum of the first star we find too
few useful spectral lines for ARES+MOOG to converge. For
KIC 10709834 and 10923629, ARES+MOOG yields very high
log g which are not confirmed with ROTFIT. Therefore, we
suspect that the results produced by ARES+MOOG for those
two stars may be spurious.

Below, we discuss the Teff , log g, and [Fe/H] computed
with ARES+MOOG and with ROTFIT. We compare these
results with each other and with those obtained by Bruntt
et al. (2012) and Thygesen et al. (2012) with the VWA code.
We show also how our determinations confront with the tem-
peratures derived with the infra-red flux method (IRFM) by
Pinsonneault et al. (2012).

5.1 Effective temperature

As shown in Fig. 1, the differences between Teff derived with
ARES+MOOG, ROTFIT, VWA and IRFM show standard de-
viation ranging from 97 to 179 K, different offsets and trends.
The standard deviation is lowest but still significant when
the comparisons concern Teff computed with VWA (Fig. 1
b, d, and f). This must be related to the fact that VWA
was applied to high-S/N , high-resolution spectra from ES-
PaDOnS and NARVAL: When the data of high quality are
used, all methods yield Teff which are more precise, accurate,
and consistent with each other.

For stars with Teff > 6, 000 K, the effective tempera-
tures derived with ARES+MOOG are systematically hotter
then those obtained either with ROTFIT or with VWA (Fig. 1
a and b.) Between 5,000 K and 6,000 K these three methods
agree well but for stars cooler than 5,000 K, ARES+MOOG
yields slightly higher Teff which is why for the coolest stars
the agreement between ARES+MOOG and ROTFIT or VWA
is worse again. The reason for this may be related with
the selection of the spectral lines. The original list of lines
was optimized for solar-type stars. For cool stars, many of
those lines are affected by blending. This effect contributes
strongly for the observed offset in temperature. A refinement
of the selection of the lines to produce consistent results in
this temperature regime will be presented by Tsantaki et al.
2013 (in prep.).

Fig. 1 a and b show that when ROTFIT and VWA are
compared to ARES+MOOG, the differences show similar
pattern. This suggest that Teff obtained with ROTFIT and
VWA should be close to each other. Indeed, the mean differ-
ence between Teff derived by means of those two methods is
relatively low, only 70 K. Nevertheless, the standard devi-
ation of the differences between them, 123 K, is still quite
high (Fig. 1 d.)

When compared with the IRFM-based Teff measured
by Pinsonneault et al. (2012), the Teff derived with
ARES+MOOG show a negligible offset of 7 K but still a

c© 2002 RAS, MNRAS 000, 1–??
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Figure 1. Comparison of the Teff measured with ROTFIT and ARES+MOOG with each other, and with the Teff obtained with VWA

by Bruntt et al. (2012) and Thygesen et al. (2012). The Teff obtained by means of each of these three methods are compared also to
the IRFM Teff reported by Pinsonneault et al. (2012). In the insets, we give the mean difference between the compared sets of data, the
standard deviation of the mean, and the number of stars in common. For the clarity of the plot, the method ARES+MOOG is abbreviated
to ’Sousa’.

Figure 2. Comparison of the [Fe/H] measured with ROTFIT and ARES+MOOG with each other, and with the spectroscopic [Fe/H]

obtained with VWA by Bruntt et al. (2012) and Thygesen et al. (2012). In the insets, we give the mean difference between the compared
sets of data, the standard deviation of the mean, and the number of stars in common. For the clarity of the plot, the method ARES+MOOG
is abbreviated to ’Sousa’.

Figure 3. The same as in Fig. 2 but for log g.

c© 2002 RAS, MNRAS 000, 1–??
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high standard deviation of 152 K (Fig. 1 c). The two other
methods, ROTFIT and VWA, show a much higher mean dif-
ference, 182 and 149 K, and a similar standard deviation,
179 and 104 K, respectively (Fig. 1 e and f). Therefore, it
is difficult to say which of those methods, if any, agrees with
IRFM best.

Since ARES+MOOG is known to be in a very good
agreement with the IRFM scale of temperatures (see Sousa
et al. 2008), we expected the results shown in Fig. 1 c to
compare much better. One of the plausible explanations of
the observed scatter is the fact that the IRFM-based Teff

provided by Pinsonneault et al. (2012) were derived only
from one colour index, (J−KS), and as such are offset from
the conventional IRFM temperature scale (see Figs. 9 and
13, and the discussion in Section 3.3 in Pinsonneault et al.
2012). When Fig. 13 in Pinsonneault et al. (2012) is com-
pared to our Fig. 1 c, one can see that the trends and the
scatter in both figures are similar. We find it to be a confir-
mation that Teff derived with ARES+MOOG and IRFM are
consistent, and that the high standard deviation of the re-
sults shown in Fig. 1 c is specific to the properties of (J−KS)
colour index, not due to the imperfection of ARES+MOOG.

One should also keep in mind that the IRFM Teff de-
rived by Pinsonneault et al. (2012) may be to some extent
affected by the reddening of the stars. These authors do
correct the observed magnitudes for the interstellar extinc-
tion, however, since there are no individual measurements of
E(B−V ) for each target, they use the map-based estimates
of extinction from the KIC. Those values are not accurate
as has been shown by Molenda-Żakowicz et al. (2009) for
29 nearby (16 < r < 240 pc), bright (9.0 < V < 11.2) Ke-
pler targets which were observed photometrically by those
authors. Molenda-Żakowicz et al. (2009) did not find any ev-
idence that those stars were reddened while their E(B−V )
provided in the KIC were sometimes as high as 0.06 mag.
The influence of the inaccurate E(B − V ) used by Pinson-
neault et al. (2012) on the derived IRFM Teff may be small
but should be considered as one of possible sources of the
scatter in the differences between Teff derived from IRFM
and from spectroscopy.

5.2 Metallicity

As shown in Fig. 2 a, b, and c, the values of [Fe/H] de-
rived with ARES+MOOG, ROTFIT and VWA agree with
each other to within the error bars for almost all targets.
The mean differences between these determinations do not
exceed 0.07 dex. Nevertheless, their standard deviation is
quite large and equal to the typical uncertainty of the mea-
surements obtained with ROTFIT, and twice as large as the
uncertainties found with ARES+MOOG.

For the stars hotter than 6,000 K, [Fe/H] values com-
puted with ARES+MOOG are slightly higher than those
computed with ROTFIT or VWA (Fig. 2 a and b). How-
ever, this trend does not affect the overall consistency of the
results. The [Fe/H] computed with ROTFIT and VWA agree
best (Fig. 2 c) showing the mean difference of 0.03 dex and
no trends at high temperatures. The high standard devia-
tion is not reduced, though, and it is as high as that in Fig. 2
a, where the mean difference is the highest and the trend at
the high temperatures, best visible.

5.3 Surface gravity

The surface gravity is the parameter which is least con-
strained when derived with ARES+MOOG. The reason for
that is related to the number of iron lines used in this
method. Although we use nearly 300 Fe I lines, which con-
strain very well the temperature, micro turbulence, and the
metal abundance, log g, which comes from the ionization bal-
ance, requires the analysis of the Fe II lines. Unfortunately
the number of Fe II lines is limited to less than 20. Due
to that small number, the results of their analysis are more
sensitive to errors and more uncertain.

The differences between log g computed with
ARES+MOOG, ROTFIT, and VWA (the spectroscopic
log g) illustrated in Fig. 3 a and b, are around 0.2 dex, and
show the discrepancies increasing for the hot stars. The
trends visible in Fig. 3 a and b, mimic those in Fig. 1 a
and b, which may be a result of strong correlations between
Teff and log g. The log g obtained with ROTFIT and with
VWA agree with each other better (Fig. 3 c.) The mean
difference between them is the lowest, 0.12 dex, and there
are no trends for hot stars. Anyhow, the standard deviation
of the differences is still high.

6 DISCUSSION

Our analysis shows that deriving precise and accurate at-
mospheric parameters is not an easy task. While within one
method the precision of the computations can be high, when
its results are compared to those obtained by means of other
methods or from different data, various trends and offsets
appear, proving that we are still far from being able to pro-
vide accurate Teff , log g, and [Fe/H] for solar-type stars.

KIC 5184732 is a good example of those difficulties.
In Table 2 we give the atmospheric parameters of that
star derived independently from the spectra acquired with
FRESCO, ESPaDOnS, and NARVAL. The atmospheric
parameters computed with ARES+MOOG from the ES-
PaDOnS and NARVAL data agree with other nicely. The
same can be said about the atmospheric parameters com-
puted from those data with ROTFIT. However, the differ-
ences between those two sets of determinations amount to
around 150 K in Teff , 0.12 dex in log g, and 0.20 dex in
[Fe/H]. For ROTFIT, there are also less pronounced but
still not negligible differences between Teff , log g and [Fe/H]
derived from the observations acquired with FRESCO and
those obtained with ESPaDOnS and NARVAL.

The trends and discrepancies in the atmospheric pa-
rameters observed for stars hotter than 6,000 K are another
significant but not a new problem. It has been thoroughly
discussed, but not solved, by Torres et al. (2012). Those au-
thors compare the atmospheric parameters obtained with
SPC and SME, two codes in which the method of spectral
synthesis is used, with Teff , log g, and [Fe/H] computed with
MOOG, that uses the curve-of-growth approach. The differ-
ences noticed by Torres et al. (2012) are the same as those re-
ported in the present paper. The same trend can be noticed
also in Fig. 3 b, in Sousa et al. (2008), where Teff computed
with ARES+MOOG are compared with those obtained with
SME. The origin of those discrepancies is not clear but they
seem to reflect real, systematic differences between the at-
mospheric parameters obtained from the spectral synthesis

c© 2002 RAS, MNRAS 000, 1–??
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and the analysis of the equivalent widths. However, confirm-
ing that suspicion would require detailed examination of the
input physics used in all the discussed methods which is be-
yond the scope of this paper.

The comparative analysis which we carried out in this
paper showed that the accuracy of the atmospheric parame-
ters of solar-type stars which is currently available is ±150 K
in Teff , ±0.15 dex in [Fe/H] and ±0.3 dex in log g. That
concerns particularly the faint stars and those hotter than
6,000 K. Since log g is the parameter most difficult to con-
straint in the spectroscopic analysis, for stars showing solar-
like pulsations and those with transits, the seismic log g or
those derived from the transit light curves may be used op-
tionally as an alternative values. The former determinations
of log g have been shown by Gai et al. (2011) to be nearly in-
dependent of the input physics used in different evolutionary
models. The latter, deriving of which is described in detail
by Seager & Mallen-Ornelas (2003), are currently preferred
in the investigation of the transiting planets for which the
spectroscopic log g are avoided (c.f. Torres et al. 2012).

7 SUMMARY

In this paper, we provided two determinations of the atmo-
spheric parameters obtained for 169 stars, dwarfs and giants,
with Teff ranging from 3,200 to 6,700 K. The first set was
computed with ARES+MOOG, a method which is based on
the analysis of the equivalent widths of the spectral lines,
the other, with ROTFIT, which makes use of the full target
spectrum that is compared with a grid of reference star with
well-known atmospheric parameters (mainly from spectral
synthesis).

For 69 stars, Teff , log g, [Fe/H], v sin i, and the spectral
type are provided for the first time in this paper.

KIC 9025370, KIC 9693187, and KIC 11179629 are
newly discovered double-lined spectroscopic binary systems.

The internal precision of Teff and [Fe/H] obtained with
ARES+MOOG and ROTFIT is high, typically ±80 K in Teff

(depending on the star; ARES+MOOG is slightly more pre-
cise than ROTFIT), ±0.12 dex in log g for both methods,
and ±0.06 or ±0.10 dex in [Fe/H] for ARES+MOOG and
ROTFIT, respectively, as estimated from the standard devi-
ations of the atmospheric parameters in Table 2. Therefore,
our determinations can be safely used for the asteroseismic
modelling of stars. However, we showed that for the solar-
type stars the present accuracy of the determinations of the
atmospheric parameters available in the literature is Teff is
± 150 K, ± 0.15 dex in [Fe/H], and ± 0.3 dex in log g.

Our results emphasise the importance of collecting high-
quality spectra with sufficiently large telescopes equipped
with performant spectrographs, and the need of examin-
ing the reasons why for the hot stars the spectral synthesis
method and the curve-of-growth analysis yield the atmo-
spheric parameters which are systematically different.
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Frasca, A., Alcalà, J. M., Covino, E., et al. 2003, A&A,
405, 149

Frasca, A., Guillout, P., Marilli, E., et al. 2006, A&A, 454,
301

Gai N., Basu S., Chaplin W. J., & Elsworth Y. 2011, ApJ,
730, 63

Guillout, P., Schmitt, J.H.M.M., Egret, D., Voges, W.,
Motch, C., & Sterzik, M.F. 1999, A&A 351, 1003

Hog E., Fabricius C., Makarov V.V., Urban S., Corbin T.,
Wycoff G., Bastian U., Schwekendiek P., & Wicenec A.
2000, A&A, 355, 27

Howell, S.B., Rowe, J.F., Bryson, S.T., Quinn, S.N., Marcy,
G.W., et al. 2012, ApJ, 746, 123

Katz, D., Soubiran, C., Cayrel, R., Adda, M., & Cautain,
R. 1998, A&A, 338, 151

Koch, D. G., Borucki, W. J., Basri, G., et al. 2010, ApJ,
713, L79

Kupka, F., Piskunov, N., Ryabchikova, T. A., Stempels, H.
C., & Weiss, W. W. 1999, A&AS, 138, 119

Kurucz, R. 1993, ATLAS9 Stellar Atmosphere Programs
and 2 km/s grid. Kurucz CD-ROM No. 13, Cambridge
(Mass.: Smithsonian Astrophysical Observatory)
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8 J.Molenda-Żakowicz, et al.

lin, W.J., Metcalfe, T.S., & Bruntt, H. 2012, ApJS 199,
30

Prugniel, Ph., & Soubiran, C. 2001, A&A, 369, 1048
Raskin, G., Van Winckel, H., Hensberge, H, et al. 2011,
A&A, 526, 69

Santos, N. C., Israelian, G., & Mayor, M. 2004, A&A, 415,
1153

Seager, S. & Mallen-Ornelas, G. 2003, ApJ, 585, 1038
Sneden, C. 1973, Ph.D. Thesis, Univ. of Texas
Soubiran, C., Katz, D., & Cayrel, R. 1998, A&AS, 133, 221
Soubiran, C., Le Campion J.-F., Cayrel de Strobel G., &
Caillo A. 2010 A&A 515, A111

Sousa, S.G., Santos, N.C., Israelian, G., Mayor, M., & Mon-
teiro, M.J.P.F.G. 2006, A&A, 458, 873

Sousa, S.G., Santos, N.C., Israelian, G., Mayor, M., & Mon-
teiro, M.J.P.F.G. 2007, A&A, 469, 783

Sousa, S.G., Santos, N.C., Israelian, G., Mayor, M., &
Udry, S. 2011, A&A, 533, A141

Sousa, S.G., Santos, N.C., Israelian, G., et al. 2011a, A&A,
526, A99

Sousa, S.G., Santos, N.C., Israelian, G., Mayor, M., &
Udry, S. 2011b, A&A, 533, A141

Sousa, S.G., Santos, N.C., Mayor, M., Udry, S.,
Casagrande, L., Israelian, G., Pepe, F., Queloz, D., &
Monteiro, M.J.P.F.G. 2008, A&A, 487, 373

Stempels E. 2004, FIES Automatic Data Reduction Soft-
ware, http://www.not.iac.es/instruments/fies/fiestool/
FIEStool-manual-1.0.pdf

Thygesen, A.O., Frandsen, S., Bruntt, H., Kallinger, T.,
Andersen, M.F., et al. 2012, A&A, 543, A160

Torres, G., Fischer, D.A., Sozzetti, A., Buchhave, L.A.,
Winn, J.N., Holman, M.J., & Carter, J.A. 2012, ApJ, 757,
161

Uytterhoeven, K., Szabo, R., Southworth, J., et al. 2010a,
AN, 331, P30 (arXiv:1003.6089)

Uytterhoeven, K., Briquet, M., Bruntt, H., et al. 2010b,
AN, 331, 993

c© 2002 RAS, MNRAS 000, 1–??



Atmospheric Parameters of 169 F, G, K and M-type Stars in the Kepler Field 9

T
a
b
le

2
.
T
h
e
a
tm

o
sp

h
er
ic

p
a
ra
m
et
er
s
o
f
th

e
p
ro
g
ra
m
m
e
st
a
rs
.
In

b
o
ld

fo
n
t,

w
e
in
d
ic
a
te

th
o
se

st
a
rs

fo
r
w
h
ic
h
th

e
a
tm

o
sp

h
er
ic

p
a
ra
m
et
er
s
a
re

d
er
iv
ed

fo
r
th

e
fi
rs
t
ti
m
e.

K
IC

T
e
ff

σ
lo
g
g

σ
[F
e/

H
]

σ
v
si
n
i

σ
M
K

T
e
ff

σ
lo
g
g

σ
[F
e/

H
]

σ
ξ t

σ
In
st
ru

m
en

t

[K
]

[c
m

s−
2
]

[k
m

s−
1
]

[K
]

[c
m

s−
2
]

[k
m

s−
1
]

R
O
T
F
IT

A
R
E
S
+
M
O
O
G

1
4
3
0
1
6
3

6
4
1
2

9
9

3
.9
7

0
.1
0

−
0
.2
5

0
.1
1

8
.1

0
.9

F
5
IV

6
8
3
3

8
7

4
.7
0

0
.1
1

0
.0
2

0
.0
6

2
.1
2

0
.1
0

N
A
R
V
A
L

1
4
3
5
4
6
7

6
1
6
9

1
0
8

3
.9
5

0
.1
1

−
0
.0
4

0
.1
2

9
.0

1
.0

F
8
IV

6
4
8
5

9
2

4
.5
3

0
.1
3

0
.0
8

0
.0
7

2
.0
2

0
.0
9

N
A
R
V
A
L

2
8
3
7
4
7
5

6
4
6
2

1
0
2

3
.9
5

0
.1
3

−
0
.0
6

0
.1
1

1
8
.3

1
.0

F
5
IV

-V
—

—
—

—
—

—
—

—
E
S
P
a
D
O
n
S

3
3
3
5
1
7
6

3
2
2
5

1
1
0

1
.2
3

1
.2
4

−
0
.2
2

0
.1
1

9
.3

2
.5

M
7
II

—
—

—
—

—
—

—
—

F
IE

S
3
4
2
4
5
4
1

6
1
6
5

8
0

3
.9
0

0
.1
0

0
.1
3

0
.1
1

2
4
.6

0
.8

G
0
IV

—
—

—
—

—
—

—
—

N
A
R
V
A
L

3
4
2
7
7
2
0

5
9
4
9

6
6

4
.2
6

0
.1
1

0
.0
0

0
.1
1

2
.0

0
.7

F
9
IV

-V
6
1
1
1

6
8

4
.5
1

0
.1
1

0
.0
4

0
.0
6

1
.2
5

0
.0
4

E
S
P
a
D
O
n
S

3
4
3
0
8
6
8

4
9
6
9

7
1

2
.9
1

0
.1
3

−
0
.0
1

0
.1
0

2
.6

0
.4

G
8
II
I

5
2
0
8

6
7

3
.2
4

0
.1
2

0
.1
3

0
.0
6

1
.4
6

0
.0
3

E
S
P
a
D
O
n
S

3
4
4
3
4
8
3

4
8
5
6

5
8

3
.0
5

0
.1
1

0
.0
4

0
.1
0

1
1
.1

0
.2

K
1
IV

5
0
4
3

8
2

3
.4
3

0
.1
8

0
.0
9

0
.0
6

1
.6
3

0
.0
6

F
IE

S
3
4
5
6
1
8
1

6
2
9
0

8
4

3
.9
4

0
.1
0

−
0
.2
4

0
.1
0

5
.0

1
.0

F
5
IV

-V
6
5
8
4

9
1

4
.4
3

0
.1
1

-0
.0
2

0
.0
7

2
.0
1

0
.1
1

N
A
R
V
A
L

3
6
3
2
4
1
8

6
1
4
8

8
4

3
.9
4

0
.1
1

−
0
.1
9

0
.1
1

6
.3

0
.5

F
6
IV

6
4
0
9

7
4

4
.4
3

0
.1
2

-0
.0
3

0
.0
6

1
.8
6

0
.0
6

N
A
R
V
A
L

3
6
4
3
7
7
4

5
9
2
8

6
3

4
.2
6

0
.1
2

0
.1
7

0
.1
1

1
.4

1
.4

G
2
IV

6
1
2
5

7
5

4
.3
9

0
.1
2

0
.2
5

0
.0
6

1
.3
9

0
.0
5

H
E
R
M

E
S

3
6
4
4
2
2
3

4
9
1
8

5
9

3
.1
1

0
.1
6

−
0
.2
2

0
.1
1

2
.8

0
.8

G
8
II
I

—
—

—
—

—
—

—
—

F
R
E
S
C
O

3
6
5
6
4
7
6

5
5
8
6

8
0

4
.0
7

0
.1
1

0
.2
0

0
.1
0

1
.4

0
.4

G
5
IV

5
7
1
9

6
4

4
.2
6

0
.1
1

0
.2
8

0
.0
5

1
.1
1

0
.0
3

E
S
P
a
D
O
n
S

3
7
3
3
7
3
5

6
5
4
8

1
3
8

3
.9
9

0
.1
2

−
0
.1
2

0
.1
1

1
3
.0

1
.4

F
5
IV

-V
—

—
—

—
—

—
—

—
E
S
P
a
D
O
n
S

3
7
4
7
2
2
0

6
6
6
8

1
2
8

4
.1
8

0
.1
1

0
.0
0

0
.1
0

5
0
.8

1
2
.4

F
3
V

—
—

—
—

—
—

—
—

E
S
P
a
D
O
n
S

4
0
7
2
7
4
0

4
8
4
7

6
0

3
.0
8

0
.1
4

0
.0
9

0
.1
0

1
.6

0
.3

K
1
IV

4
9
6
0

7
7

3
.4
9

0
.1
3

0
.1
9

0
.0
6

1
.1
3

0
.0
6

N
A
R
V
A
L

4
3
4
6
2
0
1

6
1
5
4

8
1

3
.9
8

0
.1
2

−
0
.2
5

0
.1
1

2
.8

1
.0

F
8
V

6
2
3
9

9
1

4
.2
8

0
.1
2

-0
.1
7

0
.0
7

1
.6
4

0
.1
0

H
E
R
M

E
S

4
5
8
6
0
9
9

6
3
0
4

8
1

3
.9
2

0
.1
0

−
0
.2
0

0
.1
1

2
.3

0
.7

F
5
IV

-V
6
5
3
3

8
0

4
.3
7

0
.1
1

-0
.0
4

0
.0
6

1
.8
4

0
.0
8

E
S
P
a
D
O
n
S

4
6
3
8
8
8
4

6
2
8
6

1
0
0

3
.9
1

0
.1
0

−
0
.1
7

0
.1
1

4
.6

0
.8

F
5
IV

-V
6
6
8
4

9
8

4
.5
8

0
.1
7

-0
.0
5

0
.0
8

3
.3
9

0
.2
8

N
A
R
V
A
L

4
8
5
9
3
3
8

6
0
1
3

1
0
9

4
.0
9

0
.1
3

0
.1
9

0
.1
1

3
4
.3

1
.5

G
0
IV

—
—

—
—

—
—

—
—

H
E
R
M

E
S

4
9
1
4
9
2
3

5
8
0
8

5
6

4
.2
8

0
.1
0

0
.1
3

0
.1
0

2
.3

0
.8

G
1
.5
V

5
9
4
8

6
5

4
.3
4

0
.1
2

0
.1
8

0
.0
5

1
.2
6

0
.0
3

E
S
P
a
D
O
n
S

4
9
3
1
3
6
3

7
0
4
5

1
0
6

4
.0
7

0
.1
2

−
0
.0
5

0
.1
1

6
5
.9

8
.0

F
0
II
I

—
—

—
—

—
—

—
—

E
S
P
a
D
O
n
S

4
9
3
1
3
9
0

6
4
1
0

1
4
3

3
.9
7

0
.1
1

−
0
.2
5

0
.1
1

3
.2

1
.2

F
5
IV

-V
6
8
6
2

8
0

4
.5
5

0
.1
1

-0
.0
2

0
.0
6

1
.9
3

0
.0
9

E
S
P
a
D
O
n
S

5
0
2
1
6
8
9

6
1
4
1

7
9

3
.9
4

0
.1
1

−
0
.1
6

0
.1
2

7
.0

0
.6

F
8
IV

6
3
7
8

8
0

4
.5
5

0
.1
3

-0
.0
2

0
.0
6

1
.9
0

0
.0
8

E
S
P
a
D
O
n
S

5
0
2
4
8
5
1

4
0
4
6

5
6

1
.7
7

0
.1
0

−
0
.1
8

0
.1
0

1
.9

0
.7

K
4
II
I

—
—

—
—

—
—

—
—

E
S
P
a
D
O
n
S

5
0
8
0
2
9
0

5
1
5
7

1
5
3

3
.6
0

0
.3
0

−
0
.0
6

0
.1
2

4
.6

0
.9

K
0
II
I-
IV

5
0
7
2

7
7

3
.3
1

0
.1
6

-0
.1
0

0
.0
7

0
.6
9

0
.0
7

H
E
R
M

E
S

..
.

5
2
6
1

1
6
7

4
.2
1

0
.1
8

0
.0
1

0
.1
3

6
.1

0
.5

K
0
II
I-
IV

5
0
6
4

7
8

3
.2
8

0
.1
3

-0
.1
4

0
.0
6

0
.7
9

0
.0
6

E
S
P
a
D
O
n
S

5
1
1
2
7
8
6

4
2
0
7

5
7

1
.9
9

0
.1
1

−
0
.1
7

0
.1
0

2
.5

0
.9

K
3
II
I

4
4
7
7

1
1
4

2
.2
1

0
.2
2

-0
.1
3

0
.0
7

1
.8
3

0
.0
8

E
S
P
a
D
O
n
S

5
1
8
4
7
3
2

5
6
6
9

6
5

4
.0
7

0
.1
1

0
.2
4

0
.1
0

2
.8

0
.3

G
4
V

—
—

—
—

—
—

—
—

F
R
E
S
C
O

..
.

5
7
2
3

7
3

4
.1
8

0
.1
4

0
.2
1

0
.1
0

2
.2

0
.6

G
4
V

5
8
9
4

6
8

4
.3
1

0
.1
2

0
.4
3

0
.0
6

1
.1
8

0
.0
3

E
S
P
a
D
O
n
S
∗

..
.

5
7
4
0

8
9

4
.2
2

0
.1
2

0
.1
8

0
.1
0

2
.4

0
.5

G
1
V

5
8
7
7

6
8

4
.3
4

0
.1
1

0
.4
0

0
.0
6

1
.1
4

0
.0
3

N
A
R
V
A
L
∗

5
1
9
9
8
5
9

3
7
2
2

1
1
2

1
.6
3

0
.3
0

−
0
.0
7

0
.1
1

1
0
.8

1
.3

M
0
II
I

—
—

—
—

—
—

—
—

F
IE

S
5
3
7
1
5
1
6

6
1
3
8

5
4

3
.9
8

0
.1
2

0
.1
0

0
.1
0

9
.7

1
.2

F
8
IV

6
5
2
6

1
0
7

4
.4
9

0
.1
5

0
.1
1

0
.0
8

2
.3
5

0
.1
4

E
S
P
a
D
O
n
S

5
4
5
0
4
4
5

6
0
9
9

6
8

4
.1
3

0
.1
1

0
.0
5

0
.1
1

5
.4

0
.6

F
8
V

6
3
9
6

7
5

4
.4
9

0
.1
1

0
.2
3

0
.0
6

1
.7
5

0
.0
6

N
A
R
V
A
L

5
5
1
2
5
8
9

5
7
6
4

6
1

4
.2
2

0
.1
1

0
.0
6

0
.1
1

1
.6

0
.4

G
3
V

5
8
1
2

6
6

4
.0
5

0
.1
1

0
.1
2

0
.0
6

1
.2
0

0
.0
3

N
A
R
V
A
L

5
5
5
7
9
3
2

5
9
3
6

6
9

4
.3
7

0
.1
1

0
.0
0

0
.1
0

1
3
.7

0
.3

G
1
.5
V

—
—

—
—

—
—

—
—

E
S
P
a
D
O
n
S

5
5
9
6
6
5
6

5
3
7
5

8
6

3
.9
9

0
.1
6

−
0
.1
8

0
.1
1

3
.8

0
.4

G
5
IV

5
1
8
8

6
9

3
.7
5

0
.1
3

-0
.4
4

0
.0
6

1
.0
5

0
.0
5

E
S
P
a
D
O
n
S

5
6
2
0
3
0
5

5
1
9
0

1
2
9

3
.4
9

0
.2
6

−
0
.0
1

0
.1
1

4
.2

1
.1

K
0
II
I-
IV

5
0
4
0

7
0

2
.9
5

0
.1
2

-0
.0
1

0
.0
6

0
.5
1

0
.0
5

H
E
R
M

E
S

5
7
0
1
8
2
9

4
9
2
7

7
4

3
.1
9

0
.1
2

−
0
.2
4

0
.1
0

2
.3

0
.5

K
0
IV

—
—

—
—

—
—

—
—

F
R
E
S
C
O

..
.

4
9
1
4

5
6

3
.1
8

0
.1
2

−
0
.1
3

0
.1
1

2
.4

0
.7

K
0
IV

4
9
6
2

6
9

3
.3
9

0
.1
3

-0
.1
7

0
.0
6

1
.1
3

0
.0
4

E
S
P
a
D
O
n
S

5
7
3
7
6
5
5

5
1
6
3

7
1

2
.8
8

0
.1
7

−
0
.4
4

0
.1
1

3
.8

0
.6

G
4
II
I-
IV

5
1
2
1

6
3

2
.8
3

0
.1
0

-0
.5
6

0
.0
5

1
.6
8

0
.0
2

E
S
P
a
D
O
n
S

5
7
7
3
3
4
5

6
0
0
7

8
6

4
.1
7

0
.1
1

0
.1
3

0
.1
0

3
.4

1
.1

G
0
.5
IV

6
3
9
9

7
1

4
.3
6

0
.1
1

0
.3
0

0
.0
6

1
.9
2

0
.0
5

E
S
P
a
D
O
n
S

c© 2002 RAS, MNRAS 000, 1–??
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