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Abstract We describe the target selection algorithm for the low udli disk por-
tion of the LAMOST Pilot Survey, which aims to test systemspieparation for
the LAMOST spectroscopic survey. We use the PPMXL astrameatalog, which
provides positions, proper motion8,/ R/I magnitudes (mostly) from USNO-B and
J/H/Ks from the Two Micron All Sky Survey (2MASS) as well. We chosgli
plates along the Galactic plane, in the regiin< o < 67° and42° < § < 59°,
which cover 22 known open clusters with a range of ages. Adigglates may have
some small overlapping area. Each plate covers an arz2aih radius, with its cen-
tral star (for the Shack-Hartmann guider) brighter tigih magnitude. For each plate,
we create an input catalog in the magnitude rahy8 < Inae < 16.3 and Bpag
available from PPMXL. The stars are selected to satisfy ¢lgglirements of the fiber
positioning system and have a uniform distribution in thes. B — I color-magnitude
diagram. Our final input catalog consists of 12 000 objectsawrh of eight plates that
are observable during the winter observing season from thglohg Station of the
National Astronomical Observatory of China.
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1 INTRODUCTION

The Guo Shou Jing Telescope (GSJT, formerly called the Lakye Area Multi-Objet fiber
Spectroscopic Telescope — LAMOST) is a 4 meter telescope 2000 fibers in the focal plane
(Cui et al. 2012). The telescope is located at the Xinglomgi&t, located 114 km to the east north
east (ENE) of Beijing and operated by the National Astrore@Dbservatories of China. Currently,
a pilot survey is running on the telescope, in preparatiomafoll spectroscopic survey, which is ex-
pected to begin in late 2012. The survey has the potentidgtificantly increase our understanding
of the substructures in the Galactic stellar spheroid askl ddmponents through measurements of
radial velocities, metallicities and effective temperagtifor millions of stars (Deng et al. 2012).

Here, we describe a low latitude disk survey concentratimgen clusters, which is being
conducted as part of the LAMOST Pilot Survey. The pilot symminly aims to test the LAMOST
system, in preparation for the planned major survey. Th# pilrvey targets fainter objects on dark
nights (Yang et al. 2012; Carlin et al. 2012), and brightgeots when the Moon is bright or the
atmosphere has low transparency (Zhang et al. 2012). Thprfobof the bright night disk survey
is shown in Figure 1 overlaid on a starcount map from SDSSquhetry. The magenta part is the
disk survey region centeredfat= 0°, which will be discussed in this paper.

One of the primary science objectives of the LAMOST disk syng to investigate the structure
of the thin/thick disks of the Galaxy, including the chentisbundance as a function of position
within the disk and the extinction in the disk. In the mainvay;, we expect to cover 300 open
clusters in the low Galactic latitude region, and obtaitiateadial velocities as well as abundance
information for stars as faint as= 16™ in the cluster fields. This will be the largest spectroscopic
data set for studying the properties of Galactic open atasiecluding the structure, dynamics, and
evolution of the disk as probed by open clusters (Chen eba@l32Ahumada et al. 2011).

Some of the expected scientific outputs from the disk piloteyinclude:

— significant improvements in essential parameter measnenof the targeted open clusters,
using kinematic membership information and homogeneousddnce data.

— adatabase of spectroscopically confirmed cluster mentb#rs outer parts of the clusters, that
will provide good targets for detecting or verifying podsikidal tails of these stellar clusters.

— alarge sample of young stellar objects across the suneaged which will provide important
clues to properties of large-scale star formation and thtehji of Galactic star formation as well
as information on the 3D extinction in the Galactic plane.

Fig.1 The footprint of the bright night disk survey in equatoriabedinates overlaid on a starcount
map from SDSS photometry. The magenta disk survey regioariteced on the Galactic plane and
the yellow circular areas are eight plates that were chasetié pilot survey.
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— tens of thousands of spectra of bright disk stars that carsed to characterize the chemistry
and kinematics of the thin disk.

The open clusters are particularly important to the sursiege some of the well characterized open
clusters provide important “standards” for a range of atelypes that can be used to calibrate the
LAMOST observations and the data-processing pipeline.

In Section 2, we describe the footprint of the survey as welha catalog from which the targets
were selected. In Section 3, we describe the selection atrgseopic targets, including selection
in color and magnitude, the effects of blending in a crowdeldl fiand the properties of the selected
spectroscopic targets. Finally, in Section 4 we summahiegaper.

2 FOOTPRINT AND INPUT CATALOG

For the pilot survey of the disk, we have chosen eight pldt@sgethe Galactic plane that are nearly
uniformly distributed in Galactic longitude, and in a rammjeight ascension and declination that will
make them easily observable with GSJT. The telescope’gulésvors observations with 10° <

0 < 60°; lower declinations are unobservable, and the effectiertape and image quality of the
telescope decreases rapidly at declinations abbove60°. Since the observations should be taken
near the meridian, it is important to spread the target fieldsin Galactic longitude so that there
are targets available at all right ascensions. The partef&iy observed i9° < o < 67° and
42° < § < 59°. Adjacent plates may slightly overlap. Each plate coveraraa of 2.5 in radius,
with its central star (for the Shack-Hartmann guider) bigghhany” = 8™. It is a requirement that
each field observed by LAMOST have a bright star in the cemtéhnat the shape of the mirrors can
be actively adjusted to focus stellar images in the focai@la

We were able to select fields that cover 22 previously idextiéitar clusters.

Table 1 shows the selected open clusters within coverageafdsigned disk pilot survey plates.
The angular distance between the cluster center and thes @@ater is less than two degrees in all
cases. We also list the parameters (Dias et al. 2002; WEBRA each cluster, including (if avail-
able) cluster name, the position, reddening and distaheawerage proper motion and radial veloc-
ity, an estimation of the cluster’s age and the correspanirmber of the survey plate. Some of the
clusters have been poorly studied and we expect to obtainkihematic and chemical information
for the first time from the pilot survey database.

Individual stellar targets are selected from the PPMXLaasttric catalog (Roeser et al. 2010),
which includes positions, proper motions, rouftiz/ magnitudes, and H K's magnitudes from
2MASS. PPMXL is a full sky catalog of positions, proper moisp 2MASS and optical photometry
of 900 million stars and galaxies, aiming to be complete fier lhirightest stars down to abddt=
20™. It is the result of a re-reduction of USNO-B1 observatiswgplemented with 2MASS and
ICRS results. PPMXL is currently the largest collection @RS proper motions with typical errors
ranging from 4 mas yr! to more than 10 mas yt, depending on the object’s observational history.

In PPMXL, the photometric information from USNO-B1.0 istéd, as well as the NIR photom-
etry from 2MASS when available. The, R, I magnitudes in the USNO B1.0 magnitude system are
rather crude, and there are discrepancies in the magniystiens from field to field and from early
to late epochs. However, PPMXL is the only source that prewighotometry in optical bands for
low galactic latitude targets, which is necessary as arntiogtalog for our pilot survey of the disk.

Figure 2 shows the number density of stars in one of our péaiens, centered adv(= 5.1421°,

§ = 56.5569°; 1 = 118.6619°, b = —6.0655°). The PPMXL catalog listg.2 x 10° point objects
in this area. On average there are over 11 000 targets peresdegree in this low Galactic latitude
region, complete in magnitude fo~ 16.3™.

1 http://mmmw.univie.ac.at/webda/
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Fig.2 The star number density of PPMXL in one of our plate regiorentered atRA =
5.1421°, Dec = 56.5569°). A total of 2.2 x 10° targets are included. The color bar on the right
shows different number density scales in unitd @f stars mag>.

Table1 Properties of Open Clusters in the Disk’s Pilot Survey Area

Name RA Dec l b  Ebv Dist pq cosd 1§ Rv Age Plate Nr.
(hms) (@dms) ¢ (9 (pc) (masyr?') (masyr?') (kms~!) (Gyr)
ASCC2 019516 554236 118.46-6.89 0.10 1200 —0.91 —3.94 0676 1
Stock21  02949.2 575512 120.054.83 0.40 1100 —0.12 ~1.52 0525 1
ASCC3 03184 551648 120.02-7.48 0.17 1700 —1.92 —1.25 —-37.00 0079 1
King 2 05060.0 581048 122.87-4.69 0.31 5750 5.023 2
IC1590  05248.0 563748 123.126.24 0.32 2384 —1.36 ~1.34 3750 0.007 2
ASCC5  05757.6 555024 123.85-7.02 0.25 1500 —3.10 —291 -43.00 0011 2
NGC 657 14320.9 555024 130.226.30 3
ASCC6 147132 574348 130.344.34 0.30 1200 —1.02 —1.18 —-20.00 0.148 3
NGC743 15837.0 60936 131.20-1.63 4
ASCC7 158552 585812 131.54-2.77 0.50 2000 —0.57 —3.08 —49.00 0.023 4
Stock 2 214240 591612 133.361.92 0.34 380 1622 1339 -285 0.148 4
NGC869 21948 57860 134.63-3.72 0.48 2079 —0.49 -0.90 -39.82 0.019 4
Basel 10 21928.1 581760 134.302.62 0.77 1944  1.47 0.35 0.041 4
ASCC8  22049.2 593636 134.021.33 0.55 2200 —1.24 0.57  —42.09 0.006 4
NGC884 22212 57824 135.013.60 0.56 2345 —0.84 ~023 -3814 0013 4
Trumpler2 23654.0 555512 137.373.97 0.32 649 1.40 -557 —39.00 0.085 5
Czemnik12 23912.0 545512 138.084.75 5
NGC 1220 31140.1 532024 143.043.96 0.70 1800 0.060 6
King 5 31436.0 524312 143.74-4.27 1900 5200 0.759 6
Czermnik15 32312.0 52150 145.16-3.97 6
King 7 3590.0 514760 149.77-1.02 1.25 2200 0661 7
Berkeley 11 42036.0 445512 157.083.64 0.95 2200  1.45 —2.37 0.110 8

3 TARGET SELECTION AND INPUT CATALOG DESIGN
3.1 Target Selection Process

For each of our selected plates, we must create an inpubgatéth about three times as many stars
as can be observed, from which the fiber assignment softwilreelect the actual targets. Since
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GSJT contains 200 fibers per square degree in the focal plengelect 600 stars degin the input
catalog. We explain here how we select stars Witt8 < I,,,, < 16.3 and derive the available
Bmag from PPMXL. Additionally, targets are selected to favor pmduster members, satisfy the
requirements of the fiber positioning system, and maintaimiéorm distribution in/ andB — I
color-magnitude space.

Our target selection algorithm is as follows:

— For every LAMOST survey field, we construct input catalofjia bright subset of the PPMXL
catalog with11.3 < Iiae < 14.3 and a faint subset with4.3 < I, < 16.3.

— To prevent contamination of spectra by nearby stars (thedihg effect, see discussion in the
next section), we eliminate all stars that have a similaghiriess or a brighter neighbor within
5”. Note that the LAMOST fiber diameter is 3.2nd the typical seeing in the Xinglong station
is around 2 to 3”.

— To prevent local overdensity for fiber allocation, we sé&6 the minimum spatial distance for
all selected stars in the following steps.

— We eliminate very high proper motion objects; the propetiomolimit is PM<100 mas yr .
Note that the typical mean observation epochs for PPMXL cgsiwere during the 1970s or
1980s.

— Highest priority is assigned to cluster members, wheneambership information is available
in Kharchenko’s catalog (Kharchenko et al. 2005). Membigristthis catalog is estimated from
the proper motion of individual stars in the region of thestdur.

— For the remainder of the targets, we perform uniform samgpfi color-magnitude spac&(
vs.I) by randomly selecting stars on the color-magnitude diagi@MD). For instance, for the
bright subset of Plate 1 we set the magnitude rangelag” < [ < 14.3™ and color range
as—1.5™ < (B — I) < 4.5™ which includes a total of about 36 000 stars. First we gegerat
a random point in thé B — I) ~ I space, then, within a search radius of 0.03 mag (roughly
the average distance in the color-magnitude space), shkeobject closest to the random point
as our sample star. In addition, all the selected stars atfilfy the spatial distance limit of’6
The iteration ends up with a bright sub-catalog of 12 000ssteady for the fiber assignment
software to select the actual targets. Here we note that #gnitude from PPMXL is rather
crude.

It was intended that the bright and faint datasets would bétsefiber assignment separately,
and two pointings (one brighter and one fainter) would beedaheach position. Instead, the two
lists were merged before fiber assignment for the pilot symed in some cases a second or third
pointing was constructed (with many repeated sources).

3.2 Blendingin a Crowded Field

For a fiber fed multiobject spectroscopic telescope suchBlending, which can be defined as
at least two objects being captured by a fiber in an exposurst be taken into account when the
telescope targets crowded fields (e.g. the Galactic disken alusters).

LAMOST uses 4000 fibers on the 1.75-meter-diameter focalglaach fiber has an aperture of
3.3arcsec. When a fiber is targeting an object, some fluxiboigd by its neighboring objects may
also be recorded. Hence, the final processed spectrum cewier} strange if it is contaminated by
the blended objects. In order to investigate the probghilitblending in the LEGUE disk survey,
we perform a simple simulation.

We assume that 1) all objects in the simulation are pointca®r2) the range of the brightness
of the objects covers) < m < 18 mag, with the fainter objects being ignored; 3) we only “obeé
objects brighter than 16 mag, and only the objects betweamd@.8 mag contribute to the blending;
4) the luminosity function is studied using a catalog of S[p&8tometry and it can be approximately
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Fig. 3 The simulation of the blending within a fiber aperture. ThaXs on bottom is the density of
the simulated objects witlh < 18 mag, while on top is the density of the objects with< 16 mag
corresponding to the bottom X-axis. The luminosity functi®assumed to hé(m) ~ exp(0.5m),
which is approximately estimated from SDSS photometry. dbiged, dashed and solid lines with
triangles, rectangles and circles show the probability oferthan 10% of the flux of the blended
objects being in the fiber aperture when fibers are assignell tbjects withm < 16 mag given

the dome seeing being 2, 3, and 4 arcsec, respectively. Toeigrestimated from a Monte Carlo
approach.

fitted by A(m) ~ exp(0.5m); and 5) the PSF is a Gaussian, in whiclis smaller than the dome
seeing by a factor of 2.35.

In the simulation we consider a circular, one square degrg®n filled with uniformly dis-
tributed objects (down to 18 mag). The density is from 250@3®00 stars deg?, which is the
typical density range in the outer disk and open clusterenfwe assign fibers to all objects with
m < 16 mag given the dome seeing. For each fiber we calculate tleeafitine total flux from the
neighboring objects (only those located withir &eing are considered) to that from the target in
the fiber aperture. If the ratio is higher than 10%, we mark fiber as a significantly blended fiber.
Note that the sky flux is ignored in the calculation. The fi@ebf the significantly blended fibers in
the field is defined as the probability of the blending.

We did the simulation for the seeing of 23" and 4'. The results are shown in Figure 3. We
find that the probability of more than 10% of the flux of the llled objects being in the fiber
aperture increases linearly with the density of the objédtgeover, the bigger the seeing the higher
the probability of the blending. For instance, in the cdntegion of an open cluster, in which the
density can be around 10 000 per square degree, the LAMOS$Trapell suffer significant blending
in about 0.7% of the spectra on each plate, given a seein§. df @dcreases to 1% and 1.3% when
the seeing is increased t§ and 4, respectively. It is worthy to note that in practice evemfar
neighboring objects, e.g. objects with strong emissioadjrthe outskirt of a neighboring galaxy,
nearby emission nebulae etc., may also contribute to the Tlhis limit will constrain the target
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Fig.4 Left: the color-magnitude distribution of selected targets baght subset11.3 < Imag <
14.3) for platel, satisfying requirement for SSS fiber-assigrtmigight: spatial distribution of se-
lected stars. Red *: OC members, red triangle: plate ceoavéar(online).
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Fig.5 Left: the color-magnitude distribution of selected targets &sirdt subset(14.3 < Imag <
16.3) for Plate-1, satisfying requirement for SSS fiber-assigmtmigight: spatial distribution of
selected stars. Red triangle: plate centetgf online).

selection for the disk survey to either avoid very crowdegiars or accept the fact that there would
be a few percent of blended spectra and later develop a pépteliaddress this issue.

3.3 Sample Platefor the Disk Portion of the Pilot Survey

As an example of the outputs from the target selection pgydéagure 4 shows the color-magnitude
distribution of selected targets as a bright subset (lafed11.5 < I1,.s < 14.3) for Plate 1 and
the spatial distribution (right panel) of selected starain be seen that our uniform selection in
color-magnitude space favors bluer as well as brighteratbj| the input catalog. There are two
open clusters well within the field of view of Plate 1 (centbad RA= 5.1421°, Dec= 56.5569°):
ASCC 2 and ASCC 3. We assign highest priority to members @3)bf these clusters (member-
ship information from Kharchenko et al. 2005). Here the atigf our selection algorithm largely
achieved the basic goal for target selection from field diskss we would like to sample a larger
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fraction of the rarer stars than the less rare, and a largetién of the interesting cases than the less
interesting ones.

In this plate, we expect to observe all 87 open cluster mesthes which can be used to calibrate
the spectral quality and stellar parameters, especiadlydtlial velocity and metallicity.

Figure 5 shows the color-magnitude distribution of targets faint subset (left panel)l4.3 <
Imag < 16.3) and the corresponding spatial distribution (right panélyelected stars. Since the
magnitude limit in Kharchenko’s catalog (Kharchenko e8l05) is brighter thaiy” ~ 14™, there
is no membership information available for this faint subsethe future, we will use astrometric
catalogs (like PPMXL and UCAC3) to determine cluster merabigrto a deeper magnitude limit
from proper motion.

4 SUMMARY

We have described the target selection algorithm for emhtatitude, bright plates that are planned
to be observed during the LAMOST Pilot Survey. Stars from g&roclusters will be observed on
these plates. To date, five plates have been successfuliyvelals and the data reductions and quality
assessment are being conducted. This portion of the Piteegis in preparation for a larger survey
that will cover 300 Galactic open clusters.

The highest priority targets on these plates are known gresaied members of Galactic open
clusters. Other disk stars in thé.3 < I,,,, < 16.3 range were uniformly selected oveandB —
color-magnitude phase space. Very high proper motion tébpe not targeted. Positions, proper
motions, and magnitudes are taken from the PPMXL catalog.

The spectra observed in this disk portion of the LAMOST P8otvey will be used to study
Galactic open clusters, to investigate young stellar dbjeied to study the chemistry and kinematics
of disk stars. The stars in open clusters will be importafibcaors for the main spectroscopic
survey.
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