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Abstract The Large Sky Area Multi-Object Fiber Spectroscopic Tebgsc
(LAMOST) published its first data release (DR1) in 2013, wihis currently the
largest dataset of stellar spectra in the world. We comiiiredPASTEL catalog and
SIMBAD radial velocities as a testing standard to valida&tlar parameters (effec-
tive temperatur.g, surface gravityog g, metallicity [Fe/H| and radial velocityV;)
derived from DR1. Through cross-identification of the DRiat@gs and the PASTEL
catalog, we obtain a preliminary sample of 422 stars. Agenaval of stellar param-
eter measurements from problematic spectra and applyfaegtee temperature con-
straints to the sample, we compare the stellar parametarsBR1 with those from
PASTEL and SIMBAD to demonstrate that the DR1 results arabkd in restricted
ranges ofl.g. We derive standard deviations of 110 K, 0.19 dex and 0.11fdex
Tesr, log g and[Fe/H] respectively whefl.¢ < 8000 K, and 4.9%km s~ for V; when
T < 10000 K. Systematic errors are negligible except for thos& ofin addition,
metallicities in DR1 are systematically higher than thas®ASTEL, in the range of
PASTEL [Fe/H] < —1.5.

Key words: stars: fundamental parameters — astronomical data beesedogs —
astronomical data bases: surveys

1 INTRODUCTION

The formation and evolution of galaxies is one of the keyastysical subjects at the moment. The
Milky Way provides us with a unique example to carry out a diethand comprehensive study.
The study of stars — the fundamental building blocks of galspallows us to map the Galaxy and
deepen our understanding of galactic formation and ewiutRecent large stellar spectroscopic
surveys such as the RAdial Velocity Experiment (RAVE; Ste¢tiz 2003), the Sloan Extension
for Galactic Understanding and Exploration (SEGUE; Yanhwle 2009) and the APO Galactic
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Evolution Experiment (APOGEE; Allende Prieto et al. 2008y& revolutionized our understanding
of the Galaxy, though they all have their advantages anddtions. Sizes of the stellar spectro-
scopic samples are limited due to Galactic extinction astrimental limitations. The Guo Shou
Jing Telescope (the Large Sky Area Multi-Object Fiber Spescopic Telescope, LAMOST), a
Wang-Su Reflecting Schmidt Telescope located at the Xingg®tation of National Astronomical
Observatories, Chinese Academy of Sciences, emergedganss to the pressing need for a more
complete spectroscopic sample of the Galaxy (Cui et al. R0tsdarge aperture (effective aperture
of 3.6—4.9 m) and wide field of view (20 square degrees) coexist, bengfftiom a special design
that allows it to simultaneously obtain 4000 spectra frari0 to 9100 A in a single exposure at
resolutionR ~ 1800.

The LAMOST Experiment for Galactic Understanding and Exalion (LEGUE) survey aims
to provide a larger spectroscopic sample than ever befoievastigate kinematics and chemical
abundances of the Galaxy (Zhao et al. 2012; Deng et al. 20h®) survey consists of three compo-
nents: the spheroid survey, the Galactic anticenter staméythe disk survey. Each component has
its own target selection strategy. The spheroid surveyabilerve over 2.5 million stars in the North
Galactic Cap and the South Galactic Cap selected from trenSigital Sky Survey (SDSS; York
et al. 2000). The anticenter survey aims to sample the rdgioh< | < 210° and—30° < b < 30°,
with input targets selected from the Xuyi photometric syr@@hang et al. 2014). The disk survey
will cover the low latitude part-20° < b < 20° and will also use the Xuyi photometric survey
in conjunction with the third US Naval Observatory CCD Asfraph Catalog (UCAC3; Zacharias
et al. 2010) and the Two Micron All Sky Survey (2MASS; Skruéskt al. 2006) to prepare input
targets. By the time our study is conducted, LAMOST has pceduhe largest stellar spectroscopic
sample to date, which demonstrates the capability of hifibieficy in acquiring spectra provided
by the unique design.

After two years of test observations following its natioaaceptance in 2009, the LAMOST
pilot survey began on 2011 October 24 and was completed o2 2@ie 24 (Luo et al. 2012). The
subsequent regular survey started on 2012 September 28tk its first-year mission on 2013
June 15. In 2013 August, the first data release (DR1) of LAM®&3dame available to the Chinese
astronomical community and international colleagueduitiog spectral products from the pilot
survey and the first-year regular survey (Luo et al. 2015¢ DR1 consists of 2 204 696 spectra of
stars, quasars, galaxies and some other objects, the whtwrech could not be established due to
the poor quality of their spectra. To extract stellar parersefrom such a large amount of spectra,
the LAMOST stellar parameter pipeline (LASP) was develofWd et al. 2011, 2014). It employs
the ULySS software (Koleva et al. 2009) to analyze LAMOSTcsrzeand derives a full set of stellar
atmospheric parameterg., log g, [Fe/H]) and radial velocities through minimizing the value
between the observed spectrum and a model spectrum gaehbyad@ interpolator that is based on
the ELODIE library (Prugniel & Soubiran 2001; Prugniel et2007). Some of the radial velocities
in DR1 are LASP measurements, and the rest are products dfih@peline (Luo et al. 2012)
when LASP measurements are not available. There are 1 94¢t8& spectra in DR1 catalogs,
but only 1061918 of these spectra have yielded a full setalfastatmospheric parameters and
radial velocities due to quality control. Only late A or FGYft stars withy-band signal-to-noise
ratioS/N > 15 or S/N > 6 for bright and dark nights respectively are allowed to beuiripto
LASP (Wu et al. 2014).

The reliability of these spectral products has to be ingastid before any further applications
are made. The PASTEL catalog provides a good testing stdnttds a catalog of stellar atmo-
spheric parameters for tens of thousands of stars compyjisdiveying bibliographies in the main
astronomical journals and the CDS database. Determinafiorost stellar parameters in the cata-
log is based on analysis of high-resolution and Higi¥ spectra, though some recent precisg
measurements that are not based on high-resolution speetedso included (Soubiran et al. 2010).
The majority of stars in the catalog are FGK stafs% of the stars in the catalog havemagnitude
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brighter thard.75 mag. Internal errors of their parameters dré%, 0.10 dex and0.06 dex for Teg,
log g and[Fe/H], respectively. In addition, the catalog provides inforimatsuch as the equatorial
coordinates and, V, J, H, K magnitudes retrieved from the SIMBAD database (Wenger.et al
2000), on which our cross-identification of common targetsased.

We first perform a coarse cross-identification of the DR1logtaand the PASTEL catalog and
then gradually refine the sample. Detailed information albe validation sample resulted from
the cross-identification and the subsequent refinemeritbevijiven in Section 2. Subsequently, we
compare the stellar parameters from the DR1 catalogs watetfrom the PASTEL catalog and the
SIMBAD database. Results of the comparison are shown amdigiied in Section 3. Finally, we
summarize our work in Section 4.

2 THE SAMPLE FOR VALIDATION
2.1 Cross-identification

In order to compare stellar parameters from DR1 and PASTELfjnst identify common objects in
the DR1 catalogs and the PASTEL catalog. The PASTEL cataloggularly updated. The version
that we use is 17-May-2013, and consists of 52 045 entrie$662 individual stars. Due to the
offsets in positions of the bright stars observed with LAMQ®/e expand the search radius to
10 arcsec. We carefully check the common entries given byotbee position criteria according to
the consistency of the photometry data in the DR1 catalogstemPASTEL catalog and images of
targets from the SIMBAD database. After removal of falseifpas, we obtain a raw sample of 422
stars.

2.2 Stellar Parameters in the Sample

Stellar atmospheric parameters and radial velocities akrtitan 300 stars in the sample are avail-
able for stellar types A, F, G and K in catalogs that are paRR1. Only radial velocity measure-
ments are available in the DR1 catalogs for the remaining.séatotal of 420 stars in the sample
haveT,.x measurements in the PASTEL catalog, while g and[Fe/H] are only available for about
150 stars in the sample. That causes a deficiency in testindatds for DR1og g and[Fe/H] mea-
surements. We also retrieve radial velocities for 323 stetise sample from the SIMBAD database
for further analysis.

For some PASTEL stars that have multiple measurements, wevethe very old (published
before 1990) measurements that deviate from the more reocest and we average the remaining
measurements as adopted values. Thus, each star in the risonpsample has a unique testing
standard. For DR1 stars we retain every entry when multipf@surements are available in the
catalogs. We notice that some of the DR1 stellar parametexg great deviation from their testing
standards through a tentative comparison. We select thodental outliers with the criteria

|Tor(DR1) — Tog(PASTEL)| > 1000 K ,

|log g(DR1) — log g(PASTEL)| > 0.5 dex,
|[Fe/H](DR1) — [Fe/H](PASTEL)| > 0.5 dex,

or
|Vi(DR1) — V;(SIMBAD)| > 20 kms !

for further inspection. We retrieve DR1 spectra of theseptigl outliers for careful examination
and find some of these spectra were obtained under poor aliserconditions, which might have
caused problems in determination of the stellar parame$gmctra with lowS/N (i.e. S/N < 7)

yield poor estimates of stellar parameters. Some spectindbad pixel masks leave little information
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Fig.1 Precisions of DRI, as compared with those from the SIMBAD database depend on the
g-bandS/N, whereAV; is defined to bé/;(DR1) — V;(SIMBAD), andsnrg is theg-bandS/N
extracted from the DR1 catalogs.

for stellar parameter measurements, therefore the rdsuiitsthese broken spectra are not reliable.
In addition to the quality of spectra, we examine the validitcross-identification of these potential
outliers. We find that some stars residing in binaries or cliasters are prone to effects from the
problem of fiber mispointing. In consideration of positidfset (~ 4" — 9”) during a LAMOST ob-
servation, these stellar parameters may belong to and#rén & crowded field, which is responsible
for the dramatic deviation in the stellar parameters. We fitel a few mistakes in the PASTEL cata-
log by checking the original bibliographies. The catalog hdsmatches between stellar parameters
of KIC 5524720 and those of TYC 3125-2594-1, between st@idaameters of TYC 2667-624-1
and those of TYC 2267-624-1, and between stellar paramete3&0O 201781 and those of HD
201781.

Before we remove all these outliers, it is necessary to tig&® how theS /N affects precisions
of DR1 stellar parameters. We remove all outliers menticateale except for the low;/N ones.
The fact that the majority of the sample are bright starsltesu a lack of lowS/N statistics that
are required to investigate the dependence of parametgsijores on thes /N, which is obvious in
Figure 1.85% of the DR1 measurements hayéandS/N > 20, for those whosé’; testing stan-
dards are available in the SIMBAD database. It is unrealtstidraw conclusions about whi¢h/N
range our following comparison results will hold. Howewee expect that for a sample with lower
S/N, derived precisions of DR1 measurements will be poorerlfinwe remove the remaining
low-S/N (S/N < 7) outliers as well.

Discarding problematic spectral products excludes ingpfoim other factors, and highlights
how precisions vary for stars with different spectral typ&& group the DR1 measurements into
three effective temperature birkz < 8000 K, 8000 K < Tg < 10000 K andT,g > 10000 K. In
order to avoid ambiguity, we use different grouping stragedor different bins; we group the DR1
measurements into tHE.s < 8000 K bin only when both their corresponding PASTEL effective
temperatures and the DR1 effective temperatures safigfy< 8000 K; for the other two bins, we
accept measurements when their corresponding PASTELtig#iéemperatures or the DR1 effective
temperatures fall within the temperature ranges. Sinae thee only a handful of measurements in
the two high temperature bins, we manually examine eachenfi ind find that there is no duplicate
occurrence in these two bins. We find that most DR1 stellapspineric parameters of stars hotter
than8000 K show a great deviation from the testing standards (see Fig.n& V, measurements
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Fig. 2 Tentative comparison of stellar parameters from DR1 witlséhfrom PASTEL and SIMBAD
after discarding problematic measurements. Filled dratelicate measurements in theg <
8000 K bin, open circles represent measurements irgft® K < Tog < 10000 K bin and open
stars are for measurements in fhigg > 10 000 K bin.

in the 8000 K < Tox < 10000 K bin still show moderate accuracy as compared to the SIMBAD
radial velocities. Finally, we confine our sample to an dffectemperature range @f.s < 8000 K

for validation ofT.g, log ¢, [Fe/H], and another effective temperature rang&gf < 10000 K for
validation ofV;, whereT g here stands for the effective temperature of both DR1 andlPAS

2.3 Internal Scatter of the DR1 Stellar Parameters

Now that we have obtained a clean sample, the next step isnbioe the multiple measurements
in the DR1 catalogs for individual stars which have corresfiog testing standards available in the
PASTEL catalog and in the SIMBAD database. When a star wasreéd more than once, we re-
move relatively lowS /N measurements that show significant offsets from the othatsthen adopt
the mean value of the remaining measurements. Note tha&t wene only a few lons /N measure-
ments left after we removed those outliers in Section 2.2rélfeeve 176 multipld ¢ measurements
for 73 stars, 48 multipléog ¢ measurements for 19 stars, 48 multiffie/H] measurements for 19
stars and 178 multipl&; measurements for 73 stars to validate our choice of theiafihgalues.
The DR1 internal scatters of multiple measurements are shiowigure 3 by taking the adopted
stellar parameters as fiducials. The internal errors asume@sising standard deviations of Gaussian
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Fig. 3 Internal scatter associated with multiple measurementtatfar parameters derived from
DRL1. Internal scatter is defined ByP = Pnu — Padop, WhereP is one of the four stellar param-
eters, “mul” stands for multiple measurements in DR1 andfédepresents the adopted “mean”
value of the multiple measurements. In all panelss the number of multiple measuremenysis
the mean of the Gaussian fit aads the standard deviation of the Gaussian fit.

fits are41 K, 0.04 dex, 0.03 dex and2.23 kms™1, for T,g, log g, [Fe/H] andV;, respectively. Our
adopted stellar parameters appear to be reasonable “mek@swof multiple measurements since
there are only a few measurements that show a great deviatiorthe adopted value.

3 VALIDATION OF STELLAR PARAMETERS

After removal of spectral products from poor quality spaand misidentified entries, we applied
different temperature constraints to the sample, becaqwes®R1 1V, measurements have a good
enough accuracy over the high temperature range. Eventatitr combining multiple DR1 mea-
surements, we derived a clean and well-established samh@l@6ostars forT.; comparison, 121
stars forlog g comparison, 121 stars f@ife/H] comparison and 277 stars fof comparison.

Figure 4 displays, from top to bottom, the comparison resoft7.g, log g, [Fe/H] and V;,
respectively. Systematic errors and standard deviatisted| in Table 1 are calculated through
Gaussian fits.
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Fig.4 Comparison of stellar parameters from DR1 with those fromRASTEL catalog and the
SIMBAD database for individual stars in the clean samplee Bffsets of the stellar parameters
are defined asd\P = P(DR1) — P(PASTEL/SIMBAD), whereP is one of the four stellar
parameters. In the four panels of the right columns the number of starg, is the mean of the
Gaussian fit and is the standard deviation of the Gaussian fit.
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Table 1 Precisions of the DR1 Stellar Parameters for IndividuatsSta
To log g [Fe/H] Ve
Number of stars 306 121 121 277

Systematic error 11K 0.03 dex 0.01 dex —3.78kms~!
Standard deviation| 110K 0.19dex 0.11dex 4.91kms—1!

Systematic errors of stellar parameters are negligiblegxor that ofV;.. Since radial velocities
in the SIMBAD database are collected from different literas, systematic biases of these measure-
ments are expected to be canceled out. Thus, a systematicogrr3.78 km s~* should be taken
into account wherv; is used. We also find that DR1 metallicities of metal-poorsstae. PASTEL
[Fe/H] < —1.5 dex) are systematically higher than metallicities obtainedfihigh-resolution spec-
tral analysis; statistical analysis of 12 stars in thisoegijives an overestimation 6123 dex. Stellar
parameters from DR7 of SDSS also show similar behavior (&l €013). One should exercise cau-
tion when using these derived metallicities. Metallic rier these metal-poor stars are so weak that
spectral noise could dominate over these spectral regilgaspeculate that such an overestimation
might somehow be caused by the significant spectral noise.

Lee et al. (2008) showed that in an effective temperaturgeait500 K < Tog < 7500 K, pre-
cisions of stellar atmospheric parameters derived by tHe 8t Stellar Parameter Pipeline (SSPP;
Beers & Lee 2012) arg41 K, 0.23 dex and0.23 dex for Teg, log g and[Fe/H], respectively, based
on a comparison with analysis of high-resolution specti@sE statistics are comparable to the
standard deviations listed in Table 1. These similaritiesat surprising because both SEGUE and
LEGUE are medium-resolution spectroscopy surveys, andditian their techniques used to de-
rive stellar parameters share some similarities such gaééematching methods. DR1 has achieved
similar precisions but provided a much larger dataset coetpaith SEGUE.

4 SUMMARY

We perform cross-identification of the DR1 catalogs and th& FEL catalog. We set a search radius
of 10 arcsec to avoid missing the bright stars with positifiset. \We then remove false positives and
obtain a preliminary sample of 422 stars. With this samplena&e a tentative comparison and select
some potential outliers for further inspection. Finally discard results from problematic spectra,
risky cross-identifications and a few misidentificationgtie PASTEL catalog itself. We obtain an
effective temperature range.s < 8000 K for validation of T¢, log g and [Fe/H], and another
effective temperature randes < 10000 K for validation of V;, because we do not expect that
the DR1 measurements have equally good precisions in alttefé temperature ranges. We derive
standard deviations of 110 K, 0.19 dex and 0.11 dexIf@r, log g and [Fe/H] respectively when
Tog < 8000K, and 4.91km s~ for V; whenT.z < 10000 K. The DR1 stellar parameters show
no systematic offsets except fbf but have overestimates {fe/H] at the low metallicity tail. We
are looking forward to more observations of PASTEL stars BWJIOST in the future, which will
provide us with a larger sample to evaluate the accuracy ¢iOST stellar parameters.
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