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Abstract We describe the current plans for a spectroscopic surveyllidns of stars
in the Milky Way galaxy using the Guo Shou Jing Telescope (G&tmerly called
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the Large sky Area Multi-Object fiber Spectroscopic Telggco— LAMOST). The
survey will obtain spectra for 2.5 million stars brighteathr < 19 during dark/grey
time, and 5 million stars brighter than< 17 or J < 16 on nights that are moonlit
or have low transparency. The survey will begin in the falk6fL2, and will run for
at least four years. The telescope’s design constraingatirea declination range for
observations ta0° < ¢ < 50°, and site conditions lead to an emphasis on stars in the
direction of the Galactic anticenter. The survey is divided three parts with different
target selection strategies: disk, anticenter, and sphéerbe resulting dataset will be
used to study the merger history of the Milky Way, the sulzdtrte and evolution
of the disks, the nature of the first generation of stars thinodentification of the
lowest metallicity stars, and star formation through steflypen clusters and OB
associations. Detailed design of the LAMOST Experimen&alactic Understanding
and Exploration (LEGUE) survey will be completed in summet2, after a review
of the results of the pilot survey.

Key words: techniques: spectroscopic — Galaxy: structure — Galaxgtution —
Galaxy: kinematics and dynamics — Galaxy: disk — Galaxyohal spectroscopy

1 INTRODUCTION

Study of stars in the Milky Way galaxy is critical to understing how galaxies form and evolve.
Through study of galaxy formation, we test models of darkteragravitational collapse, hydro-
dynamics of the gas, stellar formation and feedback (innwgroperties of the first generation
of stars and enrichment of the interstellar medium througiesnova explosions). The Milky Way
is the only galaxy we can study in enough detail that theseetsochn be tested in the six di-
mensions of phase-space. Only recently have large phatiens&y surveys, including the Sloan
Digital Sky Survey (SDSS; York et al. 2000; Gunn et al. 2006 ¢he 2 Micron All-Sky Survey
(2MASS; Skrutskie et al. 2006), made it possible to piecetiogr the structure of the Milky Way
star by star. The Sloan Extension for Galactic Understandimd Exploration (SEGUE; Yanny
et al. 2009) produced sparse samples of stellar spectrpdcae spectroscopic surveys, like the
RAdial Velocity Experiment (RAVE; Steinmetz 2003), whichlp targets the brightest stars; the
APO Galactic Evolution Experiment (APOGEE, Allende Prietoal. 2008b), which is observing
late-type giant stars in the infrared; and the High EfficieResolution Multi-Element Spectrograph
(HERMES; Freeman 2008) for the Anglo-Australian Telesd@p®T), which will deliver high accu-
racy metallicity measurements for a million bright & 14) Galactic stars, are currently in progress.
With newly available holistic models of the Galaxy (e.g. Bha et al. 2011), it is possible to correct
galaxy models for artifacts that can result from the limitednber of stars that are sampled in galaxy
surveys such as LEGUE. The Gaia satellite (Perryman et all;2atz et al. 2004) will measure
useful proper motions for one billion Galactic stars~t020th magnitude, radial velocities (RVS)
of ~ 150 million stars to~ 16th mag, and stellar atmospheric parameters<far million stars to

~ 12th mag. However, there is a compelling case for much largspdr, and denser spectroscopic
surveys of stars in the Milky Way.

We plan to study the structure of the Galactic halo (both theath component of the spheroid
and the lumpy sub-structures) and disk components (inofustiar-forming regions and open clus-
ters (OCs)). The revealed structure will improve our modieleerms of better understanding star
formation, the formation history of the Galaxy, and the stuwe of the gravitational potential, in-
cluding the central black hole and (sub)structure of thé dzatter component.

In this work we discuss the LAMOST Experiment for Galacticdénstanding and Exploration
(LEGUE). The four year plan to survey Galactic structuresprged here includes spectra for 2.5
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million stars brighter tham < 19 and an additional 5 million stars brighter than< 17; the
actual distribution of magnitudes observed will depend loa throughput of the Guo Shou Jing
Telescope (GSJT) system (Zhao et al. 2012). Most of the sidise survey will be observed at
R = )\/AX = 1800 which is achieved by placing a 2/3 width slit in front of thedfib; the grating is
R = 1000. Additional R = 5000 gratings will be obtained part way through the survey andl lval
used particularly at low Galactic latitude where the starsity is higher.

The LEGUE survey is divided into three parts: the spherdid,disk, and the anticenter. The
spheroid survey coverd| > 20°; the anticenter survey covers Galactic latitytle < 30°, and
longitude150° < [ < 210°; and an extended disk survey covers as much of the low latishkgt
(6] < 20°) as is available from the Xinglong Station; the°> < [ < 80° region of the disk will
be poorly sampled due to a limited number of clear nights mreer (see Yao et al. 2012 for more
on site conditions). Each of these portions of the surveyelsmmewhat different target selection
algorithms, which will be similar to the target selectiog@ithms implemented in the pilot survey,
and described in companion papers (Carlin et al. 2012; Yaaf) 2012; Zhang et al. 2012; Chen
etal. 2012).

2 SCIENCE GOALS

With the data representing a huge number of stars from the O8NV spectroscopic survey, stellar
kinematics can be calculated and the metallicity distidsutunction (MDF) in the Galaxy will be
obtained. This will allow us to systematically investig#tie spatial density, Galactocentric rotation
velocity and velocity ellipsoid, and chemical abundancestafs as a function of position in the
Galaxy. These provide important constraints on the presedlels of Galactic structure, formation
history, kinematical and dynamical evolution, chemicallation, and the distribution of dark matter
in the Milky Way.
The primary science drivers of the LAMOST Galactic struetsurvey are

(1) Search for extremely metal poor stars in the Galactiesmt;

(2) Kinematic features and chemical abundances of thettindk/disk stars, with the goal of deriv-
ing the mass distribution (including the dark matter mai® ,dynamical and chemical evolu-
tion, and the structure and the origin of the Galactic disks;

(3) Athorough analysis of the disk/spheroid interface ribarGalactic anticenter, with the goal of
determining whether previously identified anticenterctuces are tidal debris, or whether they
are part of structures in the disk;

(4) Discovery of stellar moving groups that may be assodiatith dwarf galaxies, and follow-up
observations of known streams and substructures in thectBaspheroid;

(5) Survey of the properties of Galactic OCs, including tinecture, dynamics and evolution of the
disk as probed by OCs;

(6) Search for hypervelocity stars and determination of treation mechanism;

(7) Survey the OB stars in the Galaxy, tracing the 3D extorcin the Galactic plane;

(8) A complete census of young stellar objects across thadBalPlane, which provides important
clues to studies of large-scale star formation and thefyistbGalactic star formation.

Atypical image of arandomly chosen field of the Milky Way vadtintain stars at many distances
from the local disk to the distant halo, and may also contedigs of stars with a variety of origins.
While these groups will be well mixed and indistinguishatstam multi-color imaging alone, the
addition of kinematic information and information abouéesproscopic stellar atmospheric parame-
ters (Fe/H], Tes, log g, [«/Fe]) make possible the identification of a common origin famugps of
stars. If one has a large enough kinematic sample, suchtgsrtmosed here for LAMOST, one can
begin to trace the origin and build up of the Galaxy itself arglore the role that individual bursts
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of star formation at different times played in the assemlbihe thick disk and halo. This is a study
that can only be done with spectra of hundreds of thousanatdlions of stars.

It was a tremendous asset of the SDSS imaging survey thavéred a largex 8000 deg?)
contiguous region, with no significant holes in the survegesh. For example, this allowed clear
unambiguous discovery of long faint streams tracing aroomndGalaxy; e.g., the Grillmair and
Dionatos 63-degree stream (Grillmair & Dionatos 2006), #relOrphan Stream (Grillmair 2006;
Belokurov et al. 2006), among others. Without a large carttigs picture it would have been difficult
if not impossible to piece together the very low contrastsityrenhancements that make up these
faint structures. Since LAMOST can cover a similarly largesaspectroscopically, one could look
for kinematic streams in RV and position which are contigaiacross the sky, and connect pieces of
structures which would otherwise not be possible to unauothigly associate with each other.

The SEGUE survey was designed in an era when very large genbistructures were beginning
to be discovered in the Milky Way'’s stellar halo. It was desid to sample these structures on the
largest scales, and therefore consisted of many pencil lseaveys that covered a large range of
distances. The stars to be observed were chosen using narextdozen separate and possibly
overlapping highly complex target selection categoriasheoptimized for a different science goal.
While these choices were reasonable at the time, we now n&adedensity of spectra in each
volume of the Galaxy to study lower contrast substructucediscover substructure in the Galactic
disk. The much larger sample of stars in the LEGUE survey thérefore be selected with more
contiguous sky coverage and with higher density spatiapsam

Although the LAMOST survey will be more complete than SEGltiEee factors keep us from
a complete survey in magnitude and sky area covered: (1) LA&WM@bers do not move more than
3.15’ from their nominal positions, (2) we will only observe 2% bétestimated x 108 stars in the
available~ 27 steradians, and (3) fields are circular, and the centersastrained to be centered on
a bright star that can be used for real-time active mirrorazions. Our survey will not be complete
in sky coverage. However the selection algorithm will beragge function of color and magnitude,
with weighted random sampling.

Below we highlight several of the interesting science célsaswill be addressed with LEGUE
spectroscopy.

2.1 Metal-poor Stars

Metal-poor stars provide the fossil record of the creatind avolution of the elements from the
earliest times, and thus play an important role in the stidsady Galactic chemical evolution. In
particular, the most metal-deficient and hence oldest sidie Galaxy provide information about
their Population Il progenitors, which must have existedhe past but, if there were no low-mass
counterparts, do not exist anymore today. Due to the rapitindeof the metallicity distribution
function (MDF) of the Galactic halo towards low metallieii, extensive, wide-field objective-prism
surveys such as the HK survey (e.g. Beers et al. 1985, 19@PthaHamburg/ESO Survey (HES;
Christlieb et al. 2008) have been used to identify the mosahpoor stars. The combined sample of
very metal-poor stars (VMP; [Fe/H} —2.0) discovered by these efforts to date now exceeds 3000.
Most recently, the massive spectroscopic effort from SCH8,in particular SEGUE, has increased
the number of known VMP stars to over 30 000, including on tltkepof 1000 extremely metal-poor
stars (EMP; [Fe/Hk —3.0), and at least a handful of stars likely to have even loweaitieity.

High-resolution spectroscopic studies of subsets of thase produced detailed studies of the
nucleosynthesis process in the early Galaxy and the Big BseeyBeers & Christlieb 2005; Frebel
& Norris 2011). For example, abundances’af for metal-poor stars provide constraints on Big
Bang nucleosynthesis (see Asplund et al. 2006; Mucciaedi. 2012), and the nature of the slow
(s-) and rapid (r-) neutron-capture processes can be igaéstl by metal-poor stars enhanced in the
respective elements (for example Sneden et al. 2008).
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Extrapolating from the number of EMP, Ultra Metal-Poor (UMPe/H] < —4.0) and Hyper
Metal-Poor (HMP; [Fe/H]< —5.0) stars found by the HK, HES, and SDSS efforts, LEGUE is
expected to yield 10000 or more stars with [FeAd]-3.0, hundreds of stars with [Fe/H} —4.0,
and~20-30 stars with [Fe/Hk —5.0, increasing the number of known stars in these metallicity
ranges by over an order of magnitude.

We will also determine the shape of the low-metallicity tithe halo MDF with much higher
accuracy than is possible with the limited samples avalabdiay. The MDF provides important
information on the formation and chemical enrichment histf the Galactic halo (e.g. Schorck
et al. 2009).

2.2 The Disk in and beyond the Solar Neighborhood

We propose to study the kinematic features and the chenticaldances of the Galactic thin/thick
disks in the solar neighborhood and beyond.

2.2.1 Thelocal dark matter density

The local mass density of the Milky Way is still an open quastsince Oort (1932, 1960) first
attempted to solve the Poisson-Boltzmann equation usiagnibvement of a group of stars near
the Sun. Bahcall (1984), Kuijken & Gilmore (1989), Holmbe&&gFlynn (2000, 2004) etc. also
made estimates of the local matter density using variousrebd data and methods. Kuijken &
Gilmore (1989), using well observed RVs from a volume-selésample of K dwarf stars near the
South Galactic pole, found little evidence of local dark tmatHolmberg & Flynn (2000, 2004) used
Hipparcos data, which have distance measurements but bgea@nteed to be a complete sample,
and found a significant amount of dark matter in the solarhm@ighood. Recently, Garbari et al.
(2012) revisited this question with improved methods hilltditl not resolve the issue.

In a new attempt to estimate the local mass density, we pedjpazbserve about 100 000 nearby
bright stars, selected from the Tycho-2 catalog (Hgg et @02, with accurate proper motions,
and additionally a complete set of dwarf stars toward thetiNGalactic pole with LAMOST. The
metallicity corrected photometric distance and the veltielocity dispersion as a function of the
distance to the disk’s mid-plane will be obtained. The smeof these stars must have S/N and
spectral resolution sufficient to distinguish giants fromadfs and to obtain RVs to a precision
of better than 5 kms!, which is possible with the LEGUR =5000 gratings. With the vertical
velocity, which is contributed by the RVs in the North Galagiole, and by the combination of the
RV, distance and the proper motion in other directions, @meimprove the local disk matter density
measurement with a larger and more complete sample.

2.2.2 Local velocity substructure in the disk

These data also enlarge the sample of the nearby brightstdraill be a significant improvement
over the Geneva-Copenhagen Survey (Nordstrom et al. 2@0dafter GCS). The 14000 F and

G dwarfs in the GCS survey have full phase-space coordirafefow-up survey by Famaey et al.
(2005) has similar data fer 6000 K and M stars. As a result of these studies, there are verytiaw s
with HIPPARCOS distances that do not have well-determipate motions. These samples have
revealed intriguing structure in the distribution of th&ialactic U and V velocities, which contains
important information about the dynamical history of thdkviWay through resonance scattering
(Dehnen 2000; Helmi et al. 2006). For example, Sellwood (2@hs been able to identify strong
evidence for a recent Lindblad resonance in the solar neigifdmd. In addition, Antoja et al. (2012)
revealed a similar substructure beyond the solar neigltoativith RAVE data.
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The phase-space information of the proposed LAMOST nearigitstar survey can be con-
verted to action-angle variables to reveal finer detaildheffihase space structure that will enable
the dynamical origin of the features to be identified. Hahalef2011) have already performed this
analysis on a sample ef 7000 main sequence stars within 200 pc of the Sun from the RAVE (DR2
survey and the M-dwarf catalog derived from SDSS by West.ef28l11). They found evidence
confirming the structure already identified in Sellwood (@Qbut many more stars are needed in
order to find less prominent substructures. The on-going RAuUrvey will substantially increase
the sample from the southern sky and will nicely complemkattAMOST northern sky survey.

It is worthy to note that searching for substructure in phes#ce depends heavily on the survey
selection functions, which have been carefully designethiis kind of science (Carlin et al. 2012).

2.2.3 Disk structure fromred clump stars

Apart from the nearby stars, there are also a large numbatrafsically luminous giant stars in the
disk that can be observed by LAMOST. They bring kinematioiinfation from a few kpc beyond the
solar neighborhood. Some of the luminous stars, partigulae red clump stars, are good distance
indicators. We expect to observe about 500 000 red clumgwsitn I/ < 17 in the anticenter region:
|b| < 20° and90° < I < 220°. The red clump stars at low Galactic latitude can be easiscted
from the 2MASS color-magnitude diagram (Lopez-Corredeiral. 2002). Nearby dwarf stars can
overlap in intrinsic color with the red clump stars, but as thtter get reddened by extinction in
the mid-plane, the dwarf stars can be easily removed. Tdg selection of red clump stars is thus
very efficient with only little contamination by other gisstarrs and remaining dwarf stars (Liu et al.
2012).

Similar to the substructure found in the U-V distributiontire solar neighborhood, the reso-
nance of the Galactic bar and spiral arms may also inducdrsghsre in the velocity distribution
in the outer disk. Moreover, the velocity distribution othktars right on the spiral arms will also
show some special substructure, e.g. arcs, due to the atiorebf the radius and the orientation
of the stellar orbits (Quillen et al. 2011). Indeed, Liu et(@012) found evidence of the resonance
occurring at a Galactocentric radius of 10—11 kpc in thecantier direction from the distribution of
the RV of only~ 800 red clump stars observed by MMT/Hectospec. Since LAMOSTexd@nd the
disk observations to more than 10 azimuth, it will provide clearer evidence of the resoranc
Combining these with the velocity distribution in the sateighborhood derived from LAMOST's
bright spectra, one can model the rotation pattern spesdseh as the strength and the current
phase of the Galactic bars and the spiral arms.

The red clump stars will cover about 4 kpc in Galactocenttius, from 8 kpc (solar radius)
to 12 kpc. The proper motions have been provided for mosteshtin the PPMXL catalog (Roeser
et al. 2010). Once red clump stars are reliably identifiedglihe line of sight to the Galactic an-
ticenter from LAMOST spectra, their proper motions can beduto derive the Galactic rotation
curve. The Galactic rotation curve has been measured franC8land masers (e.g. Sofue et al.
2009; Sakai et al. 2012). However, because the uncertairdistance for Hl and CO is very high,
the rotation curve derived from these objects is not rediabhough the distance to the masers can
be accurately measured from trigopnometric parallax, oely ¥ew masers have been measured this
way; furthermore, since most of them are located in spimalsathey are not the best tracers to con-
tinuously cover all Galactocentric radii. We propose to suega the rotation curve using the RVs of
the red clump stars in the disk. Since the distance can bedetdtmined, the rotation curve derived
from this sample is expected to be significantly more aceurBlie improved rotation curve will
make it possible to decompose the disk and halo componetiie @alactic gravitational potential.
The shape and mass of the dark matter halo, including thé dack matter, will be estimated. In
light of the Rix & Zaritsky (1995) work on external galaxidisis interesting to ask whether the disk
of our Galaxy is also lopsided. This could be studied with kleematic features of the disk stars



LEGUE Science 741

in the LAMOST survey data combined with other survey catsjagg. APOGEE (Allende Prieto
et al. 2008b).

2.2.4 Radial migration

Though the thick disk was discovered by Gilmore & Reid in 1983origin is still a puzzle. There
have been dozens of models of thick disk formation (see thaameview by Majewski et al. 1994).
Today, some of them are out of date and four main scenariohavght to be the most likely: 1)
accreted debris of the disrupted satellites (Statler 1882di et al. 2003); 2) heating of the pre-
existing thin disk by the merging satellites (e.g. Quinnle1893; Villalobos & Helmi 2008); 3) in-
situ triggered star formation during and after a gas-richgae(see Jones & Wyse 1983; Brook et al.
2004); and 4) in-situ formation of the thick disk throughiedanigration of stars as a consequence
of corotation resonance with transient spiral structusdl{vood & Binney 2002), bar structures
(Minchev & Famaey 2010), or orbiting satellites (Quillenatt 2009). Observational evidence of
radial migration has been reported by authors such as Yu @Gl2), Lee et al. (2011b), Loebman
et al. (2011) and Liu & van de Ven (2012). Moreover, Liu & van\dn (2012) found that radial
migration is not the only channel to form the thick disk; thars in eccentric orbits with [Fe/H];
—0.5dex may have originated from a gas-rich merger.

The chemical abundance of the stars can be considered thié ifreegral of motion, since it
does not change over most of the lifetime of a star. Abundataleus about the place in which
the star formed. The chemo-kinematic study of both the thohthick disk stars can be conducted
based on the data from the LAMOST spectroscopic survey., Ttidgnstance, is the best way to
investigate radial migration from observations. Schém@& Binney (2009) have set up a chemical
evolution model taking into account radial migration. Lo@n et al. (2011) pointed out that the
a-abundance is a valuable indicator of age that can be usedlpocbhnfirm the radial migration.
Sales et al. (2009), Dierickx et al. (2010), and Liu & van d&{2012) indicate that eccentricity
could also be a powerful kinematic feature for detectingadadigration. LAMOST survey data in
the disk will provide sufficient samples covering not onlg $olar neighborhood but also a few kpc
beyond. The data will be used to investigate the variatich@fbundance features, for example the
metallicity distribution function, in terms of spatial akthematic features and subsequently build
the chemo-dynamical evolution model of the disk.

In addition to providing valuable data to the internatioastronomical community, this survey,
combined with the future Gaia data, gives a powerful way &cdbe the spatial positions and other
properties for stars with different abundances. Theseigeownportant constraints on the present
models of disk structure, formation history, and chemoadgital evolution of the Milky Way.

2.2.5 Low-mass stars and the local stellar populations

All the Galactic stellar populations are dominated by loassistars in the M dwarf/subdwarf range
0.08Ms < M < 0.4M¢. By number, they constitute 70% of H-burning stars in the Galactic
disk, and probably a larger, though as yet undeterminectidraof H-burning stars in the Galactic
halo. M dwarfs/subdwarfs have long evolutionary timessalad are also fully convective. As a
result, their atmospheric composition is essentially fahto their primordial chemical makeup.
This makes M dwarfs/subdwarfs true fossils of star formraéind chemical evolution in the Galaxy.
M dwarfs have complex spectra dominated by molecular bah@igoand CaH which have proven
difficult to model. However, recent advances in optical axfdaired spectral analysis have revealed
patterns which now make it possible to evaluate metaltisi(Lépine et al. 2007; Woolf et al. 2009;
Rojas-Ayala et al. 2012) and identify relatively young 600 Myr) M dwarfs (West et al. 2008;
Schlieder et al. 2012) based on spectral features in thepédal and near-IR. The low and medium-
resolution spectra of M dwarfs/subdwarfs that will be octiéal in the various LAMOST surveys will
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have sufficient resolution and signal-to-noise to estiraéfextive temperatures and metallicities, and
use gravity and activity diagnostic features to identifyigg stars. Preliminary results from GSJT
commissioning data demonstrate that M dwarfs can be efflgigdentified and analyzed (Jing et
al., in preparation).

By the nature of this survey, which targets stars at randoer am extended range of colors
and magnitudes, large numbers of M dwarfs/subdwarfs walitably be observed in all the fields.
Even in regions dedicated to specific surveys, there wilbgbe a fraction of fibers that cannot
be allocated to primary targets. Those free fibers will themplaced on available objects following
the general color-magnitude selection scheme, of whichrafgant fraction will be low-mass stars.
One advantage of M dwarfs/subdwarfs is their large numbedsralative proximity. Within the
magnitude limits of LEGUE, most observed M dwarfs/subdwavill be within 1 kpc of the Sun,
which means that they will generally have relatively largeger motions (either already recorded
or that could be easily measured), from which full 3D motiam ®e derived when combined with
the LEGUE radial velocity measurements.

The LEGUE survey will provide a useful complement to the SBxs8/ey. Most M dwarfs
identified in SDSS lie at high Galactic latitudes, and thusniggprobe the Galactic old/thick disk
(West et al. 2011). The LEGUE survey will target larger nunshef M dwarfs/subdwarfs at low
Galactic latitudes, and probe deeper into the young/ttgk.dn addition, target selection in SDSS
followed a complicated color-color scheme, and as a resuleé up with a bias against the more
metal-poor M subdwarfs, whose colors differ significantiyrh the colors of metal-rich M dwarfs
(Lépine & Scholz 2008; Lepine et al. in preparation). Indiethe recent claim of an “M dwarf
problem” by which the Galactic disk would be deficient in nkgtaor stars (Woolf & West 2012),
might simply be the result of the algorithm used to select SBfectroscopic targets. The LEGUE
survey would put that conjecture to the test, and deterniiaartetallicity distribution in the local
disk to unprecedented statistical accuracy.

Combining metallicity data with the full 3D kinematics wpkovide the clearest picture of the
local and low-mass members of the Galactic stellar popmratiidentifying their relative numbers
in the solar vicinity and mapping their distribution in veity space. These data will allow one to
search, e.qg., for the local signature of Galactic halo sigeéRe Fiorentin et al. 2005, Famaey et al.
2005), for the kinematic signature of the Galactic spirahgiand bulge (Sellwood 2011), or signs
of accretion events in the disk (Helmi et al. 2006).

2.3 Outer Disk Substructure

The outer disk is most easily studied in the direction of theaGtic anticenter, where by virtue

of the Sun’s position some 8 kpc from the Galactic center,stiaes in the outer disk region are
relatively nearby. The anticenter direction has provergérticular rich in substructure, including

the Monoceros Ring (Newberg et al. 2002; Yanny et al. 200BaRebia et al. 2005), the Anticenter
Stream (Grillmair 2006; Grillmair et al. 2008; Carlin et 2D10), the EBS stream (Grillmair 2006;

Grillmair 2011), and the Canis Major Overdensity (CMa, Ntagt al. 2004). The Monoceros Ring

and CMa have stirred considerable debate, with some igadestis claiming that these structures
are evidence of warping and/or flaring of the stellar disk (hamy et al. 2006; Natarajan & Sikivie

2007), while others maintain that they are most likely rems&f merger events (Conn et al. 2007,
Butler et al. 2007).

Only with a very large sample of stellar velocity and metéji measurements in the anticenter
direction are we likely to make significant progress in ustirding the origins of structures and
substructures in the outer disk. Previously detected mutistes are about 10 kpc from the Sun, so
the main sequence stars are about 19th magnitude and giesmiase about 15th magnitude, which
spans the expected target range of LEGUE. As the weathee &itlglong Station is statistically
most favorable when the anticenter region is overhead, ®&TGurvey is particularly well suited
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for unraveling this complex region and answering many ingrarquestions concerning the build-up
and evolution of the Galaxy.

2.4 Spheroid Structure and Tidal Streams

Since the discovery from a kinematic survey of the Galadtilg® of the Sagittarius (Sgr) dwarf
galaxy that is undergoing a tidal disruption (Ibata et aB4)9 photometric surveys covering large
sky areas (e.g., SDSS, 2MASS) have vastly expanded our kdgelof the spheroid’s spatial sub-
structure by using carefully selected stellar tracers.

A spectroscopic survey of large numbers of stars over agoatis area of sky is vital to fully
characterizing known halo substructures. Although discpand extensive spatial mapping of halo
substructures have been enabled by photometric survelias@MASS and SDSS, the kinematics
of stars in many of the streams and substructures are poodwik (or completely unknown, in
some cases). Using SDSS/SEGUE as an example, instances kitnematics have been measured
for substructures (see Belokurov et al. 2007b; Newberg 208I9; Willett et al. 2009; Koposov et al.
2010; Newberg et al. 2010; Li et al. 2012) have relied on halsdif SEGUE plates that intersect
the structures. Even if a clear kinematic signature of treast/substructure can be seen in the RVs,
the sparse spatial coverage makes interpretation of chamaucal information difficult.

In addition, a large-area survey will allow for thiscovery of substructures as kinematical
overdensities among halo stars in a way that sparse sangaimgpt. In fact, because phase-space
density is conserved with time (as accreted substructurasgamix with Milky Way populations),
accretion remnants that are no longer spatially coherendftan be identified from their velocities
(for example Helmi & White 1999). Thus large samples of Rumirspectroscopic surveys such
as LAMOST are likely to yield numerous discoveries of adoretelics in the halo (similar to the
“Cetus Polar Stream” found by Newberg et al. 2009 or the “E@&*@iscussed in Schlaufman et al.
2009, both of which came from SEGUE data). The discovery aagdpimg of halo substructures
over a large volume of the halo can be used to assess theofraiftthe halo that is accreted and
distinguish between various expectations from hieraatisicucture formation models (e.g., Bullock
& Johnston 2005; Cooper et al. 2010; Rashkov et al. 2012).

Tidal streams can be used to constrain the merger historgeoMilky Way, and probe the
Galactic dark matter halo. Measured velocities over larggiar extents of streams can be used in
conjunction with distances (and, where available, propaions) to fit orbits to streams (see Willett
et al. 2009; Koposov et al. 2010; Newberg et al. 2010). Thesemly aid in recreating the original
satellite population, but can be used as sensitive prohibe shape and strength of the Galactic dark
matter halo in which they are orbiting (e.g., Johnston eL@89; Law et al. 2009; Koposov et al.
2010). The spectra also yield metal abundances — [Fe/H] &surable even at low resolution, and
abundances of specific species or families of chemical elesrean be derived at medium-to-high
resolution (including alpha-abundances even at SEGUHuts0 of R ~ 2000; Lee et al. 2011a).
The chemical sighatures of accretion events persist to sotest in [Fe/H], but can be seen much
more clearly in alpha-element abundances (i€@F¢]), which carry the imprint of the progenitor’s
enrichment history and can be used to identify accretiontsy@r more generally, a global accretion
history) through what has become known as “chemical tagginfchemical fingerprinting” (e.g.,
Freeman & Bland-Hawthorn 2002; Johnston et al. 2008; Chali 2010a,b).

The LAMOST/LEGUE survey is particularly well suited to stuslibstructure in the Milky Way
halo, as this survey will take millions of spectra over lacgatiguous regions in both the north and
south Galactic caps, as well as the low-latitude Galacticanter. Because tidal debris is prevalent
at large distances from the Galactic center, it is necegsaoptain spectra of intrinsically bright
stellar tracers, including stars of type A-F (at both thentdir and the horizontal branch) and K/M
giants. Giant stars are difficult to select photometric&lhm among the much larger numbers of
dwarfs at similar colors, though the SD&%$and will aid in the selection of these where it is avail-
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able. However, giants can be readily distinguished fromréiay surface gravity measurements de-
rived from the LAMOST spectra, provided that adequate S/dlldeen achieved to measure reliable
stellar parameters. It is ideal to have sufficient S/N to meametallicities and surface gravities, but
even with just an RV (which can be measured down to §/B) a lot can be learned about halo sub-
structures. The LEGUE survey will over-emphasize blue (Pstrs in its target selection, as well
as observing a large fraction of K/M giant candidates, ouarge contiguous (or nearly contiguous)
area of the northern sky, providing a huge dataset to be usestifdies of halo substructure.

2.5 Open Clusters

OCs have long been used to trace the structure and evolitibe Galactic disk. OCs have relatively
large age spans and they can be relatively accurately dated;an see OCs to large distances while
most of them have average reddening and distance pararaeddeble; the spatial distribution and
kinematical properties of OCs provide critical constraioh the overall structure and dynamical
evolution of the Galactic disk; meanwhile, their [M/H] vakiserve as excellent tracers of the abun-
dance gradient along the Galactic disk, as well as many atiortant disk properties, including
the age-metallicity relation (AMR) and evolution of the aldance gradient (Chen et al. 2003).

We expect the LAMOST low Galactic latitude survey to obser800 OCs, obtaining stellar
RVs as well as abundance information of stars complefe-band 16 mag in the cluster fields. This
will give the largest spectroscopic data set for studyirgghtilky Way’s OCs.

The large amount of up-to-date homogeneous OC data from LEM®@ould lead to the most
reliable membership determination for sample clustensiguaccurate RV data. These will signif-
icantly purify the color-magnitude diagrams of hundredsO&s and provide the best basis for
obtaining the essential parameters of clusters, such @des and ages.

Delicately selected “standard open clusters” (e.g., M&@&, Smolinski et al. 2011) can play a
role as “models” for calibrating LAMOST observations ane tthata-processing pipeline. On the
other hand, well characterized clusters can also be usedlibsation tools when combined with
appropriate evolutionary models. Also, the M67 field coulghsly good targets for detecting or
verifying possible tidal tails of these stellar clusters.

By utilizing RVs and proper motions from outside catalogse avould be able to trace the
structure and kinematics of the disk as a function of pasitidhe Galaxy, especially in the following
aspects:

(1) The depth of LAMOST will allow the 3-D structure of the iloern Galactic warp (Guijarro
et al. 2010) in the Galaxy to be traced, using giants and rgdgistars in distant clusters;

(2) Kinematic data of OCs will also allow us to systematigatudy the Galactocentric rotation
velocity, which will provide definitive estimates of the nsasf the Galaxy, and also the principal
scale parameter the distance of the Sun from the Galactic cenks;

(3) By combining chemical abundances and ages of OCs, ohbenble to probe the correlations
between age, velocity, and abundance as a function of positithe Galaxy (Yu et al. 2012).

2.6 Hypervelocity Stars

The existence of hypervelocity stars (HVSs) with velocitgher than the escape velocity of the
Galaxy was predicted by Hills (1988). HVSs are thought to jeeted from the very center of the
Galaxy. The ejection mechanisms may include tidal disaumptf tight binary stars by the central
massive black hole (MBH) or interaction between singlesséard an intermediate mass black hole
inspiralling towards the central MBH (e.g., Hills 1988; YuRemaine 2003). Since the first discov-
ery of an HVS (SDSS J090745.0+024507, &= 19.8 B9 star at a Galactocentric distance~af10
kpc with a heliocentric RV 0850 kms~') by Brown et al. (2005), about 19 HVSs have been
found (see Edelmann et al. 2005; Hirsch et al. 2005; Brown. &0#®6a,b, 2007a,b, 2012). HVSs,
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linking the central MBH to the Galactic halo, can be used tobpra variety of properties of the
Galaxy on scales from 5 pc to~ 10° pc (Kenyon et al. 2008). The trajectories of HVSs provide
unigue constraints on the shape of the potential of the @alaark matter halo (Gnedin et al. 2005;
Yu & Madau 2007). The distributions of the velocities andesabf HVSs enable us to pin down
the ejection mechanisms. The density, velocity, and steff@e distributions of HVSs also tell us
about the environment around the central MBH and the steléess distribution near the MBH (e.g.,
Brown et al. 2006a; Kollmeier & Gould 2007; Lu et al. 2007). 8% may also have connections
to the S stars in the disk near the central MBH (e.g., Lu et@L02 and may provide clues to the
growth of the MBH (e.g., Bromley et al. 2012). A large sampiély'Ss is clearly desired for all the
above studies.

At present, only one HVS, US 708, is an extremely He-rich st#Dia the Galactic halo, with
a heliocentric RV of ¥08 + 15 km s~!. Hirsch et al. (2005) speculated that US 708 was formed
by the merger of two He white dwarfs (WDs) in a close binaryuicedd by the interaction with the
super-massive black hole (SMBH) in the Galactic center hed escaped. Recently, Perets (2009)
suggested that US 708 may have been ejected as a binary fropleadisruption by an SMBH,
which later evolved and merged to form an sdO star. Howelrerevolutionary lifetime of US 708
is not long enough if it originated from the Galactic ceni&éang & Han (2009) found that the
surviving companions from the WD + helium star channel oety@ supernova (SN la) progenitors
have a high spatial velocity400 km s!) after an SN la explosion, which could be an alternative
origin for HVSs, especially for HVSs such as US 708 (see alstham et al. 2009). Considering
the local velocity nearby the Sur-220 km s!), Wang & Han (2009) found that about @0of the
surviving companions of SNe la may be observed to have wglabiove 700 km st. In addition,
an asymmetric SN explosion may also enhance the velocithi@Btrviving companion. Thus, a
surviving companion star in the WD + helium star channel oE$&lmay have a high velocity like
UsS 708.

An alternate origin for HVSs was proposed by Abadi et al. @0&ho suggested that some of
the stars could be from the tidal disruption of dwarf galaxie

We estimate the potential of discovering HVSs from a spscwpic survey of stars by
LAMOST. As a baseline, we assume a survey area of 16 000 sdagrees and a magnitude limit of
r = 19.5. According to the LEGUE halo target selection (Fan et al.2@arlin et al. 2012), all A-
and B-type stars will be selected and a significant fractiostars down to M-type will be selected.
Current searches for HVSs usually preselect B-type staeg@sts for spectroscopic observations to
increase the success rate by reducing the contaminatidd bfdo stars. Identifying hypervelocity
stars from the LAMOST survey is essentially straightfordvance the spectra are acquired, and it is
not limited to B-type stars. Based e#1.0 HVSs discovered, Brown et al. (2007b) estimate the space
density of 3—-4/,, (main sequence B stard/y, ~ 0) HVSs to be (0.0720.008)R 2 kpc ™%, where
R is the Galactocentric distance in units of kpc. With a magietlimit of =19.5, the LAMOST
survey can reacl® ~ 80kpc for B stars, and the above space density implies3bat 3 B-type
HVSs are expected to exist in the survey area of 16 000 sqegrees. The LAMOST survey can
also discover a large number of other types of HVSs, about(880) HVSs down td).8M, if
a Salpeter (Galactic bulge) initial mass function (IMF) ssamed. The above predicted humbers
are proportional to the survey area. They also depend onntiiting magnitude — one magnitude
brighter would lead to a factor of 1.585 lower in these nurapsince the numbers are proportional
to the Galactocentric distandethat can be reached given that the number density is prapaiito
1/R2.

Compared with the present HVS sample, the LAMOST survey hidly increase the HVS
sample by about one order of magnitude or more. In additidhiso LAMOST will discover a large
sample of bound HVSs (with RVs in the range betwe&¥5 and~450kms~!; e.g., Brown et al.
2007a) and possibly binary HVSs. The large statistical $awiHVSs of different types discovered
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by LAMOST will be a powerful tool to deepen our understandafdghe properties of the Galaxy,
from the very center to the outer halo.

2.7 Three Dimensional Extinction Map Across the Disk

Due to the existence of tremendous amounts of dust, it igedly difficult, but important, to trace
the three dimensional distribution of dust along the diskszKurno et al. (1984) presented a 3D
distribution of extinction in the Galactic disk based on UBNotometry of a limited number of OB
stars. However, both the spatial coverage and number giesfsihe sample of OB stars are low,
which makes it difficult to perform accurate extinction @mtions.

The magnitude limited spectroscopic survey allows for thet Systematic census of OB stars
in the Galactic disk. The high luminosity of OB stars helpgrece three dimensional extinction
at larger distances, which provides a key data set for sulesgtudies of objects in the Galactic
disk, including exploration of the structure and distribatof dust clouds, and the nature of dust
grains. Spectra of luminous OB stars penetrating foregiatar forming regions provide important
information on spatial distribution and physical scaleslo$t in different regions. This LAMOST
legacy survey, along with various data sets in the infragegl @MASS, UKIDSS, Spitzer, Herschel)
and sub-mm (e.g. JCMT, ALMA), provides important infornaattion the 3D distribution of extinc-
tion across the disk. Once available, the 3D extinction madpaNow for the first time detailed
guantitative accounts of photometric corrections alonglise of sight.

Other less luminous, but more numerous, stars in the diskearsed to trace the three dimen-
sional distribution of dust in the solar neighborhood. Raglter stars with high quality photometry,
and spectra at botR = 1800 and R = 5000, we will be able to disentangle the star’'s temperature,
surface gravity, [Fe/H],d/H], and reddening. The reddening along each line of sighithei an
important tool for mapping the local dust extinction.

2.8 A Complete Census of Comparatively Evolved Young SteltaDbjects

The Herbig & Bell Catalog (HBC; Herbig & Bell 1988), which hiasmg been serving as an important
source for detailed investigations of the formation andyeavolution of solar-like stars, included
735 emission line stars serendipitously discovered tovlaedOrion constellation. LEGUE could
produce a nearly complete census of comparatively evoleehly Stellar Objects, classical T Tauri
stars and weak lined T Tauri stars (WTTS), over the portiothefGalactic plane surveyed. These
data will be a treasured legacy of LAMOST for studies of th&tdry of large-scale star and cluster
formation across the disk. The spatial distribution of WTE8mbined with results from multi-
wavelength studies of star formation in e.g. the infrared/@ansub-mm observations will provide
important clues to our understanding of how star and clustenation propagates through giant
molecular complexes.

3 OBSERVING CONSTRAINTS

The LEGUE survey is designed to serve the science objectudgect to the constraints of the
telescope system (Zhao et al. 2012). Since the telescopastrained to operate within 2 hours of
the meridian, and a typical exposure set of three 30-min&x@s takes about two hours to observe,
there is a very small range of right ascension that can beroddeat any given time. This fact
combined with the weather patterns (see Yao et al. 2012) snibaat the telescope will have very
little observing time towards the Galactic center, sinee®alactic center is observable only in the
summer when it is almost always too humid to observe. Most@ftvailable clear weather will be
when the Galactic anticenter is up in the winter months.

Because Mirror B (the downward facing Schmidt primary) igfixthe effective collecting area
of the telescope and the quality of the point spread fundigmends on the hour angle and decli-
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nation of the observations. The largest collecting areasamallest point-spread function (PSF) are
when Mirror A (the Schmidt corrector) and Mirror B are neaaligned aty = —10°. However, at
very low declinations the air mass is large, so there is higioapheric extinction and distortion.
Thus, considering all factors, the optimal image qualitjoisnd at aroun®0 < ¢ < 30°. At all
declinations20% of the light is lost at the edges of the field of view due to vitjing.

At declinations abové = 60°, the PSF at the edge of the focal plane becomes so large that
observations are restricted t@afield of view instead of the fulb® field of view. Because the fiber
positions are nearly fixed, we lose 64% of the fibers as well48é 6f the field of view. The best
observing conditions are expected in a declination raltige< ¢ < 50° and within two hours of
the meridian, with the additional constraint that @ < ¢ < 20° the observations are within
1.5 hours of the meridian. Within this range, there will beeasonable consistency of observations
and a PSF that puts most of the light inside the fibers. Outsidhis range, the performance is
largely unknown, and in many cases could be substantialtgevtihan this recommended operating
region.

The fibers are positioned with robotic arms that operateiwBtil5 of their nominal positions,
which are about 4/7apart. The survey targets must be fairly evenly distributedhe sky; at most
seven fibers can be placed within any circular sky area wiiusaof about 3.15 If an OC is 20
in diameter, we can place at most about 50 fibers on starsnatitlei cluster’s diameter, and those
must be fairly uniformly distributed over the cluster arédée can select fewer than 20 targets in the
vicinity of a globular cluster with tidal radius of 10in addition to limiting our ability to sample
stars in clusters, the constraints on uniformity of the fipesitioning system make it difficult to do
completely filled surveys of any area of the sky.

In a single pointing, LAMOST places 4000 fibers in 20 #&d sky, which comes to about
200 fibers deg?. This is comparable to the fiber density in SEGUE, though SE@&#juired two
visits to each position on the sky to achieve 180 fibers d€gote also that with multiple visits,
LAMOST can easily increase the target density to 600 demr more).

The spectrographs are designedfos= 1000 gratings and? = 5000 gratings. The wavelength
range is 3700 te- 9000 A for R = 1000 gratings. Because we need better resolution than this to
achieve the required velocity resolution and to measunam@hal abundances, we place slits that
are 2/3 of the fiber diameter in front of the fibers. In thednys should block 20% of the light and
corresponds to the resolution &f= 1800. The LEGUE spectra will be similar to SEGUE spectra,
with RVs and metallicities determined 07 km s~! and 0.3 dex, respectively.

The R = 5000 gratings will yield two pieces of the spectrum that a5 A wide, one in the red
and one in the blue. The blue wavelength coverage is cengeoenhd5300 A to sample the metal
lines, including Mgb (517%). The red segment covers the spectral range 8400-875ampling
the Call (triplet), Fel, Til, etc., which are ideal for meaisig the RV,[Fe/H], and detailed chemical
abundances. The red portion of tRe= 5000 wavelength coverage and resolution are comparable to
that of the RAVE experiment. The accuracies in measuringf{[&/H] at R = 5000 are expected
to be 1km s! and 0.1 dex, respectively. These gratings will not be abkilan the first year of the
survey, sakR = 5000 observations will not start immediately.

Due to weather constraints, we have very little opportuttitgbserve at right ascensions of 16h
to 22h. The part of the sky for which we will have the greateshber of observations is 2h to 8h,
when fields near the Galactic anticenter are available. Wi&mning the survey, we must ensure
that there are always fields available at each right ascemgien it becomes available.

4 SPHEROID, DISK AND ANTICENTER COMPONENTS

The LEGUE spectroscopic survey is divided into three magotgy which have different magnitude,
selection, and signal-to-noise requirements. The thregpooents of the Galaxy that will be sur-
veyed by LEGUE are (1) the spheroid, (2) the Galactic antareand (3) the disk. Science related



748 L. C. Deng et al.

to the spheroid requires the faintest targets, and is modbsito the SEGUE survey. The anticenter
survey takes advantage of the fact that the majority of tredgeeather at the Xinglong is in the

winter months when the Galactic anticenter is high in the tskgo a statistical sampling of this

important part of the Galaxy. The disk survey will sampleghtistars, particularly those in OCs,
when the Moon is bright. In the disk there are enough starspulate the LAMOST fibers even at

bright magnitude limits. In each of the three componentsywilestrive to achieve the best possible
science with every fiber and photon that is available to tlest®pe while targeting stars of all types
to provide a large serendipitous discovery space.

4.1 Spheroid Survey

We will perform a spectroscopic survey of at least 2.5 millgtars selected from SDSS (I, I, Ill)
imaging with|b| > 20°, at a density of 320 stars per square degree or higher, ovecdwntiguous
areas: one in the north Galactic cap and one in the south t&atap, totaling 5000 square degrees
of sky or more. In the north Galactic cap, brighter stars bdlobserved when the weather is not
pristine and the footprints of the disk/anticenter sunasesnot visible in the sky. At least 90% of
the survey plates will be in this contiguous area, and at B@% of the science fibers on each plate
will be assigned based on a set of uniform survey criterimaus, (¢ — r), and(r — 7). Using
these criteria, we can target essentially all blue O, B, Al \AfD stars, and a statistically significant
fraction of the high latitude F turnoff, K giant, M giant, afid < (¢ — ) < 1.0 stars.

Because we cannot observe all possible targets, we will@mpéighted random sampling to
select stars from all possible spectral types and classesGarlin et al. 2012). There will not be
separate individual selections for each type of star, asusad in SEGUE I. The target selection
algorithm will be similar to the spheroid target selectidgoaithms used for the pilot survey (Zhang
etal. 2012; Yang et al. 2012). It will still be complicateddalculate the fraction of spectra observed
for any given color, magnitude, and position on the sky, beeahe fraction of stars observed will
depend on the star density and the number of times that pahnteosky was observed; in higher
density regions and the first plates observed in a given p#resky, a higher fraction of the spectra
will be of relatively rare objects in less populated regiofsolor and magnitude.

4.2 Anticenter Survey

The anticenter survey will cover the regidf0° < [ < 210° and—-30° < b < 30°, sampling

a significant volume of the thin/thick disks as well as theoh&l/e will use the Xuyi photometric
survey to select target stars, aiming for an even coverageamultidimensional, g —r, » —i color-
magnitude space as well as in spatial distribution on thewlgnever possible, to minimize selection
biases. We plan to survey an average of 1000 stars per scegneedolb| > 2.5° and twice that for
lower Galactic latitudes. In total, approximately 3.7 ioifl stars in the- 3600 square degree region
will be surveyed, of which about a third (1.2 million) arerfeand 2.5 million are bright. There is a
significant overlap between the Disk Survey and the brighigoof the Anticenter Survey. There is
also a significant overlap between the faint portion of thicanter survey and the spheroid survey.

4.3 Disk Survey

We define the disk survey as the Low Galactic Latitude Sumviych will observe as much of the
disk with —20° < b < 20° as can be covered from the Xinglong, given the latitude anaties
constraints, while including all known OCs in this regioe¢<Chen et al. 2012 for an overview of
the disk survey). Therefore the region idi0° < I < 210° will be a subset of the Galactic anticenter
survey, for which the input catalog will be selected from ¥eg/i photometric survey. If this survey
is not available in a particular region of the sky, then tésgeill be selected from UCAC3 and
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2MASS. Note that from the Xinglong station, tBe° < [ < 80° region of the disk will be poorly
sampled, due to a limited number of clear nights in summer.

We will perform a spectroscopic survey of at least threeiamill- < 16 Galactic disk stars. The
total region of sky available to survey is about 6000 squagrees. We would like 1000 objects per
square degree (requiring five visits to each field), whichmseae will likely only cover 3000 of
those square degrees. Weather statistics indicate thatélhehe anticenter will get good coverage.
The priority for the other regions will be to get lower latiiel stars because that is where the OCs
live. The highest priority targets will be OC members; thenaénder of the fibers will be placed on
stars using a weighted random sampling of optical color anggr motion.

In addition, we will obtain® = 5000 spectra of stars that have already been observed at lower
resolution, starting in year two or three of the survey. Bat time, we will have multiple coverings,
so the most interesting objects from tie= 1800 survey can be selected. Tl = 5000 data
are most useful if we already have = 1800 data, since? = 5000 will give precisea and other
elemental abundances, once the other stellar paramegeknawn from lower-resolution spectra.
The photometry is not sufficient to get temperature in higlelgdened regions. However, if we
have R = 1800 and R = 5000 spectra combined with Xuyi photometry, then we will be alde t
determine accurate stellar parameters, alpha abundamckseddening for each star. Furthermore,
the study of internal OC kinematics requires RV accuracfes-@ km s (on the order of the
velocity dispersions in OCs) provided iy = 5000 spectra.

Since each fiber has a limited range of motion in the focal@lam® need four plates on each OC
to obtain enough data to study their properties. Theseatkiare extremely important for calibration
of the RVs as well as the stellar parameters, and are an $titggescience project in their own
right. There are enough OCs near the Galactic plane that thdttle difference between specially
targeting the OCs and surveying all areas of the sky.

By necessity, the majority of the disk fibers will be placedstars that are not in OCs. These
spectra will be vital for studying the local dynamical anewtical structure of the disk, looking for
substructure and gradients in disk properties, studyisg dioving groups, obtaining a complete
sample of young stellar objects, and studying disk dust atidaion in three dimensions.

5 SAMPLE SURVEY STRATEGY

The number of spectra obtained is set by the number of clegrtsiper year at the Xinglong
Observing Station, the number of fibers, the estimated expdsne, and a reasonable length of time
for the proposed experiment. From a study of actual obsenyateather information over a four
year period, we expect about 1700 hours or 212 nights (1406star 175 nights from September
through April) per year. About 25% of the nights are good tégh which the faint plates can be
observed. Three quarters of the time is dark/grey. Theedfmre are about 263 hours (33 nights per
year) in which we can take dark plates. We will assume that &D#te good nights will be lost due
to mechanical failures.

It takes one hour to adjust the mirrors at the beginning ohigat in twilight, and another hour
to adjust the mirrors in the middle of the night. The overhfeadeadout, slew, and fiber positioning
is about half an hour. For 1.5 hour exposure times, (spli thtee 30 minute exposures) taken in
dark/grey time, we can obtain three or four fields per nighie Tequired exposure time on bright
plates varies, but is typically 30 minutes of exposureRoe 1800 and 60 minutes of exposure for
R = 5000. With this exposure time we can take 6-7 fields per clear raglit = 1800 and 4-5
fields per clear night ak = 5000. After the first year, the bright targets will be re-observéth
the R = 5000 gratings in place. The bright plates are observed when then\Mi® bright or when
the transparency is poor. The bright targets are obsenauat 80% of the time. With 3500 science
fibers assigned per plate (the other fibers are used for atbhj), we can observe 1.2 million bright
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Fig. 1 The expected number density of LEGUE survey spectra (spdety %) in the whole visible
sky with weather conditions and Moon phase considered (aeeelal. 2012). The density is coded
in color, with the scale shown in the sidebar. The Galact@melis shown by the green solid thin
line. The two dotted green lines indicate the limit betwealoland disk regions of the survey (set
atb = |20|°). The upper panel shows the predicted number density otrspebserved on bright
nights, when the Moon is above the horizon and whenever thdsskot perfectly transparent;
resolutions at bottR = 1800 and R = 5000 will be used. The lower panel shows the predicted
number density of spectra observed on dark nights (Wita 1800 only). The high density arean
yellow) prominent in the upper panel is the Galactic anticentea.aBeth panels are in equatorial
coordinates; the Galactic coordinate tick marks are alsegi

targets and 675 000 faint targets per year, where we havededlboth? = 1800 and R = 5000
observations for the bright targets.

To be clear, the low and medium resolution spectra will notaken at the same time, or even
in the same year. Changing the gratings requires that ttetrsgeaphs be re-calibrated, which will
be done during daylight hours, and tRe= 5000 gratings will not be available in the first year of
the survey. In the first year of the survey, we expect to oltatmillion R = 1800 spectra of bright
targets.

Figure 1 shows a simulation of the number of targetsipef that could be obtained, with these
selection criteria considered over the course of a five y@avlQST survey, taking weather and
Moon statistics into consideration, in Equatorial cooad@s (Aitoff projection). The simulation was
made for the five years 2012.10-2017.10. The constraintsadweather and other site conditions
used for the simulation are discussed in detail by Yao eRatl2).

The assumptions used to build the model in Figure 1 were mutimistic than we used in this
proposal. All of the observations in the Galactic plane ass@0 plates observed per clear, moonlit
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night, and the observations in the spheroid assumed thaeall weather had high transparency and
four plates were observed per night. The large number ofdilmethe anticenter region reflects our
priority for observing a statistical sample in this region.

Inthe LEGUE survey, we will make the survey area as contigaspossible. At any given time,
the right ascension of the observations is nearly fixed Heretis freedom to change the declination.
We will begin our observations at a fixed declination. As npuleges are observed, we will add on to
the contiguous area to the north and south. The low latiteg®ns of the survey (which are near the
anticenter) will be covered many times, so the survey sgiyatéll optimize contiguous and uniform
coverage.

The survey time may be shared with an extragalactic surkreygh the start of the extragalactic
survey is likely to be delayed. The extragalactic survey@ES) will operate only in the spheroid
region, and could take as much as 2/3 of the dark/grey olyggtivhe once it begins. The LEGAS
survey does not have high enough target density to use dlediliers in each plate, so remaining
fibers are allocated to LEGUE stellar targets. In practic&RES is unlikely to use more than about
half of the dark/grey fibers.

6 FUTURE PLANNING

The LEGUE survey will beginin fall 2012. The survey will inle at least 2.5 million fainter spectra

in the spheroid and anticenter regions, and at least 5 miiiighter spectra, concentrated towards
the Galactic plane. The target selection algorithms wilupéated versions of the target selection
algorithms used for the pilot survey, considering the Elatvey results. Due to the uncertainty in the
start date of the extragalactic (LEGAS) portion of the syrtiee length of time required to complete

the survey is uncertain. At the rates estimated in this papersurvey can be completed in four

years, but the actual time to completion may be longer if LEEZldes not use all of the telescope
time.
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