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Abstract The NASAKeplermission obtained long-term high-quality photometric oliatons for a large
number of stars in its original field of view from 2009 to 20T8. provide reliable stellar parameters in a
homogeneous way, the LAMOST telescope began to carry outdsalution spectroscopic observations
for as many stars as possible in teplerfield in 2012. By June 2018, 238 386 low-resolution spectra
with SNR, > 6 had been collected for 155623 stars in tepler field, enabling the determination
of atmospheric parameters and radial velocities, as webpectral classification of the target stars.
This information has been used by astronomers to carry egtareh in various fields, including stellar
pulsations and asteroseismology, exoplanets, stellanetagactivity and flares, peculiar stars and the
Milky Way, binary stars, etc. We summarize the research ngssgin these fields where the usage of data
from the LAMOSTKepler (LK) project has played a role. In addition, time-domain moeatresolution
spectroscopic observations have been carried out for d@RA0 stars in four central plates of tkepler
field since 2018. The currently available results show thattAMOST-Keplermedium resolution (LK-
MRS) observations provide qualified data suitable for nese&n additional science projects including
binaries, high-amplitude pulsating stars, etc. As LAMOSTontinuing to collect both low- and medium-
resolution spectra of stars in théeplerfield, we expect more data to be released continuously and new
scientific results to appear based on the LK project data.

Key words. astronomical database: miscellaneous — technique: siseoipy — stars: general — stars:
statistics

1 MOTIVATIONSAND AIMS providing unprecedented light curves for not only the

o . detection of exoplanets but also research in more extensive
The NASA space missiokeplerwas designed to detect greas, including stellar oscillations, eclipsing binsrie

Earth-like planets around solar-type stars with the ttansigig||ar activity, star clusters, etBgrentsen et al. 2038
method by monitoring continuously the brightness ofpgwever, to fully exploit the excellent data éfeplerfor
around 200 000 stars in a fixed Field-of-View (FOV) of 105 many kinds of scientific research, knowledge of the basic
square degrees in the constellations of Lyra and Cygnusnysical parameters of the target stars is essential. These
(Borucki et al. 201D It collected almost continuous time- physical parameters include the effective temperature
series ultra-high precision photometry for the target$tar(TeH), surface gravity lbg g), metallicity ((M/H]), and

in this FOV between 2009 May 2 and 2013 May 11,ppjected rotation velocityx(sind), the latter being es-

pecially important for asteroseismic studies of oscitigti
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stars Michel 2006 Cunhaetal. 2007 Unfortunately, Table1 General Contents of the LK Project Observations
the Keplerwide-passband photometry is not suitable forduring the Regular Survey Phase from 2012 June to 2018
deriving stellar atmospheric parameters. Hence, groundiune
based photometric observations were carried out before the

Year LK field Plate  Spectra Parameter

launch of Kepler and Ie_d to the determination of stellar 2012 3 7 17659 11682
parameters recorded in théepler Input Catalog (KIC; 2013 6 14 39309 28115
Brown et al. 201} The precision of those parameters has 2014 ’ 14 38516 29351
. - . 2015 11 32 97247 81381
proven to be too low in general for asteroseismic modelling 2017 7 18 40763 28232
(Molenda-Zakowicz et al. 2010McNamara et al. 2092 2018 1 2 4892 3957
In addition, reliable information about stellar metalici Total 238386 182618
: ; : Unique 100219 85932
and rotation rate was lacking. In view of the large number 2 37563 28555
of target stars, a facility capable of making spectroscopic 3% 12343 8205
observations for multiple targets efficiently was very 4x 3441 2321
desirable +5x 2057 1016

The number of multiple revisited targets depends on thercit
one chooses when performing cross-identification.

The Large Sky Area Multi-Object Fiber Spectroscopic
Telescope ILAMOST, also called the Guo Shou Jing
Telescope) has proven to be an ideal instrument for such In this paper, we focus on phase | of the LK project
aims, since it combines a large aperture of 3.6-4.9 m anih Sections 2-5. The survey design of the LK project
a wide circular FOV with a diameter 6fdeg (Wang etal. of phase | is described in Sectiéh We summarize the
1996.The focal plane can host up to 4000 fibers, which ar@bservations and spectra in Sect®rsectiord is devoted
connected to 16 identical spectrograpkm@ et al. 1998.  to the description of three computer codes applied to
Since 2012 the LAMOST spectrographs have employe@stimate the stellar parameters, radial velocity, prefct
entrance slits with widths two-thirds of the diameter of therotational velocity, and spectral classification. Sciénti
fibers (corresponding te 213um, or2.2” onthe sky). The research based on the data of phase | of the LK project
spectral resolutions with those slits arel 800 and~ 7500  is presented in Sectioh In Sections and7, we discuss
for the low- and medium-resolution gratings, respectivelyphase Il of the LK project and give a brief summary and
(see more details iGui et al. 2012Hou et al. 2018 prospects.

In 2010, we launched the LK project. LAMOST
observations to collect low-resolution spectra for as mang SURVEY DESIGN

stars as possible in th&epler FOV were started in

May 2011 as phase | of the project. However, change§ince theKepler FOV is approximately a quadrilateral
in the configuration of the instrument were made inWith an area of 105 square degrees, while LAMOST
early 2012, and so none of the spectra obtained in 201A@s @ circular FOV of 20 square degrees, we used 14
are used in our analysis. Time-series medium-resolutiohRAMOST plates to almost fully cover th&epler FOV;
spectroscopic observations, beginning in September 20181ese are called “LK-fields”. Each of the LK-fields has a
are being obtained for stars in four central LAMOST Star brighter tharl” = 8 at the center, as designated by
plates in theKepler field as phase Il. The low-resolution their plate ID (Fig.1). One can see the details of the 14
spectra obtained in phase | allow not only homogeneousK-fields in figure 2 and table 1 dde Cat et al(2013.
determination of the stellar atmospheric paramet&ts, ( With the information for the stars in th&epler
logg and [Fe/H]) and spectral classification of the FOV provided by KIC, we divided the stars into
observed stars, but also an estimation of the radial vglocit“Standard targets”, KASC targets”, “Planet targets” and
(RV) and, in the case of rapid rotation, the projected’Extra targets” groups which correspond, respectively,
rotational velocity ¢ sin ). The higher resolution spectra t0 ~120MK secondary standard stars,6500 targets
enable the derivation of chemical abundances and thgelected by th&eplerAsteroseismic Science Consortium
measurement of the strength of thex thromospheric (KASC), ~150000 targets selected by thepler planet
emission for stars with a lower level of magnetic activity. Search groupRatalha et al. 2090and~1 000 000 targets
To study binaries and in particular large-amplitude vdgab from the KIC Brown etal. 201 Observing priorities
stars, it is helpful to have more precise stellar parametergere assigned to those four groups, in that order, from high
and time domain measurements of radial velocities. Thes® low.

were provided in phase Il by medium resolution spectra of ~ With the target lists of the 14 LK-fields, the code
the targets at multiple epochs. Since the first data reldase tSurvey Strategy System” was used to prepare the
the LK project in 2015, the data obtained have been usedbservation plans of the LK project to optimize the
for research in various fields with fruitful scientific resul  effective use of the fiber&ui et al. 2012
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Fig.1 Sky coverage of all targets observed during phase ﬁ)arameter pl.pelme (LASPLuo etal. 20.151 The LASP
of the LK project. The stars observed by LAMOST and¢0de determines the stellar atmospheric paramefers (
with Keplerphotometry are purple, while others are darklog g, [Fe/H]) and RV for late A-, F-, G-, and K-type
green. The numbers in red mark the central positions of thewarf and giant starsRen et al.(20163 and Zong et al.

14 LK fields. (2018 analyzed the stellar parameters ad of the LK
project provided by LASP in DR3 and DR5 of LAMOST,
3 OBSERVATIONSAND SPECTRAL respectively. DR7 of LAMOST contains the latest stellar
REDUCTIONS parameter determinations aRd’” for all of the LK project

spectra from LASP. Figuresand5 show the histograms of

Observations on the LK project began on 2011 May 3 o
during the pilot survey phase of LAMOST. As the dataogﬁﬁz ?UZ?i?iZLeTE rs]tpsei?ri t?:spKéilti(\j/gg.rMﬁ Vs Tert)

quality improved with the adoption of the narrower slit
width in June 2012, only the observations obtained sincgt > ROTEIT
that date have been retained for the LK project. Table

lists the LK project observations from June 2012 to Junerhe “European team” determined stellar parameters and
2018. spectral classification with an adapted version of the code
The raw spectroscopic data were reduced with theoTEIT (Frasca et al. 20032006. Frasca et al(2016
LAMOST 2D and 1D pipelinesluo etal. 20122015.  derived theRV and atmospheric parameters for 61753
Those pipelines together provide wavelength and fluxspectra of 51 385 target stars of the LK project, identified
calibrated spectra. Those spectra with Signal—to—Noismteresting and peculiar objects, such as stars #ith
ratios (SNR) in theSDSS gband higher than or equal variations, ultrafast rotators, and emission-line olsject

to 6 are accepted as “qualified” data. By the time of they addition, 442 chromospherically active stars were
LAMOST Data Release 7 (DR7; March 2020), we haddiscovered in th&eplerfield.

obtained in total 238 386 qualified spectra of 155623 stars.

Figure 1 shows the sky coverage of all targets observedy 3 M KCLASS

by the LK project. Figure2 and 3 show the distribution

of Keplermagnitudes of the stars observed by LAMOST The “American team” developed the code MKCLASS for
during phase| of the LK project and the distribution of automatically classifying stars with the spectra obtained
the g-band SNR of the low-resolution spectra of the LK by the LK project on the MK spectral classification

project, respectively. system independent of the stellar parameter determination
(Gray & Corbally 2014. Gray et al.(2016 presented the
4 STELLAR PARAMETER DETERMINATION quality and reliability of the spectral types of 80447 stars

with 101086 spectra, computed the proportion of A-type
For all the spectra obtained for the LK project, three teamstars that are Am stars, and identified 32 new barium dwarf
have been using independent approaches to characteriggndidates in thieplerfield.
the observed target stars and derive stellar parameters.

5 SCIENTIFIC RESEARCH

4.1 LASP . _
Spectra and stellar parameters derived by the LK project

The “Asian team” performed statistical analyses of thehave been used by astronomers in various research fields.
stellar parameters resulting from the LAMOST stellarin the literature, we have to date found 73 refereed
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Fig. 3 Distribution of the SNR in thg band for the low-resolution spectra of the LK project.

publications, which is certainly a lower limit, and a simila of Kepler targets derived from LK project data were

number of non-refereed articles that use data from the LKliscussed byathur et al (2017, Pande et a2018, and

project. Here, we summarize only the research publishe8caringi et al(2018.

in refereed papers and based on the low-resolution spectra

observed by LAMOST for the stars in thiéeplerfield. 52 giellar Pulsationsand Asteroseismology

Figure 6 shows the number of refereed publications in

different years from 2014 to 2020. The LK project data have been applied to studies of
We classify the refereed papers into six research areastellar pulsationsHey et al. (2019 discovered six roAp

A) survey spectra and stellar parameter determination; Bjtars in theKeplerlong-cadence data with four of them

stellar pulsations and asteroseismology; C) exoplandts; Ddentified as chemically peculiar stars using LAMOST

stellar magnetic activity and flares; E) peculiar stars angpectra.Smalley et al.(2017 studied a large sample of

the Milky Way, and F) binary stars. We show the number ofA and Am stars with spectral types from LAMOST

refereed papers according to the research area in Figure and light curves of WASP, finding that the amplitude
distributions agree with results obtained frokepler

photometryBhardwaj et al(2019 studied Mira variables
in the Magellanic Clouds compared with those in the

Up to the time of writing, there have been five refereedKepler field, and use_:d the spectra prowde_d by the LK
publications that have (i) introduced the LK project, pr_()]ect.Banna(2018_ |IIustratedtheeffectoftld_es on self-
(i) released the survey data, (i) carried out spectrapr'ven stellar pu.lsat|0ns of thg heartb@aBcuti variable
classifications and, (iv) derived and calibrated stellalKIC4142768 using the LK project data.

parameters for up to 156390 stars in tKepler field Yuetal. (2019 analyzed solar-like oscillations in
(De Cat et al. 2015Frasca et al. 2016Gray et al. 2016 1523Keplerred giants which had previously been misclas-
Ren et al. 2016aZong et al. 2018 respectively). Using sified as subgiants due to large errors in the KIC, by com-
12000 stars observed by the LK proje@ong et al. paring the KIC surface gravities with the values derived
(2014 showed that the metallicities dfeplerfield stars by the LK project.Yu et al. (201§ characterized solar-
reported in the KIC were systematically underestimatedike oscillations and granulation for 16 094 oscillatingire
and spanned a range of values smaller than that display&gnts by using the long-cadence datakapler, which

by the [Fe/H] values derived spectroscopically by theare helpful to lift degeneracies in deriving atmospheric
LK survey. On the other hand,iuetal. (2015 used Parameters from LAMOSTLietal. (2017 performed

the asteroseismology-determined surface gravities of th@steroseismic analysis on six solar-type stars observed
giant stars based on theplerlight curves to calibrate by Kepler with the LK project atmospheric parameters
the measurements derived by the LAMOST pipelineServing as constraints on stellar modelset al. (2019
Wang et al. (2016 applied theT.s and [Fe/H] values conducted an analysis for the asteroseismic binary system
of the LK project to the global oscillation parametersKIC 7107778 with a non-eclipsing unresolved companion
to establish empirical calibration relations for thegg  having solar-like oscillations. The LK project atmospleri
values of dwarfs and giantXiang et al.(2017 estimated —Parameters were used when the two stars were modelled
stellar atmospheric parameters, absolute magnitudes, afgoretically.

elemental abundances from the LAMOST spectra with  LAMOST observations for stars in theepler field

the LAMOST Stellar Parameter Pipeline at Pekinghelp to derive more precise parameters for the target
University (LSP3). In addition, the stellar propertiesstars of asteroseismic analysis with ti&pler time-

5.1 Survey Spectra and Stellar Parameters
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Fig.4 Histogram of atmospheric parameters aR#"

derived from 238386 spectra. Panel (a): the effective

temperaturd g (K); (b): the surface gravityog g (dex);

(c): the metallicity [Fe/H] (dex); and (d): the radial veityc  Fig.7 Number of refereed publications using LK project

RV (kms™). data according to area. The letters denote the following
categories: A: survey spectra and stellar parameter
determination; B: stellar pulsations and asteroseisnyplog

series photometric dat&en et al.(2016h found that the C: exoplanets; D: stellar magnetic activity and flares; E:

surface gravities yielded by LSP3 are in good agreememeculiar stars and the Milky Way; F: binary stars.

with the asteroseismic value$Vu etal. (2017 2018

2019 examined the age determination as well as the

contamination rate for a sample of 150 main sequencstars with near-solar rotation periods had chromospheric
turn-off stars, estimated masses and ages of 6940 rexttivities systematically higher than those with undetdct
giant branch stars, and presented a catalogue of stellantation periodsde Assis Peralta et a(2018 reported a
age and mass estimates for a sample of 640986 retkw method for extracting seismic indices and granulation
giant branch stars, respectively. Using spectra of th@arameters for more than 20000 CoRoT dfeplerred

LK project to investigate chromospheric activity and giants.Stassun et al(2018 presented empirical accurate
Keplerlight curves to investigate photospheric activitiesmasses and radii of single stars with TESS &aih data,

of 2603 stars, Zhang et al. (2020a) found that 254where the values dfeplersingle stars were compared.

Area
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5.3 Exoplanets 5.4 Stellar Magnetic Activity and Flares

) ) ) The long-term almost-continuous photometric observa-
LK project data in theKepler field have been used jong by Kepler have provided an unprecedented op-
successfully to investigate exoplanets and their parerﬁortunity for the study of magnetic activity at the

stars. For instancé/ulders et al(2016 took a sample of 5 tospheric level for a large number of stars. In particula
over 20 000Keplerstars with spectroscopic metallicities |iational modulation of the ultra-precise photometry
from the LAMOST survey to explore how the exoplanetenapes detection of rotation periods, differential riotat
population depends on host star metallicity as a functionng starspot distributions. Flares from a large number of
of orbital period and planet size. stars may likewise be studied and characterizéepler

By using the precise spectroscopic parameters Or')ho_tometry along with im‘ormation on th(_e target stars
host stars from LAMOST observationie et al. (201 derived from spectra obtained by facilities like LAMOST,

measured the eccentricity distributions for a homogeneOLpsas placed research ip this field on a more solid foundation.
sample of 698 planets discovered Kgpler. They found For exampleyang & Liu (2019 presented a flare catalog

that in systems with only one transiting planet, thoseOf the Kepler mission, comprising 3420 flare stars and

planets are on eccentric orbits with-@.3, whereas the 162262 flare events. The incidence of flare stars rises
planets in multi-planet systems have nearly circular andVith decreasing temperatures, where the latter values were

coplanar orbits similar to those of our solar system.prOVid_ed by the LK project.
Dong et al. (2018 used accurate stellar parameters for With respect to- solar-type stngaroff etal. (2019
main-sequence stars provided by the LK project to studfimalyzed observations made with LAMOST of 5648

the distributions of short-periodepler planets as a sources, including 48 superflare stars,_ finding _that
function of host star metallicity, which helped them to SuPerflare stars are generally characterized by higher

discover a population of short-period, Neptune-size pane chromospheric activity levels than other stars includirey t
sharing key similarities with hot Jupiters Sun. There was significant evidence for superflares and

solar flares to most likely share the same origin, and robust

Wang et al. (2018 presented a statistical study of estimates of the relationship between chromospheric
the planet-metallicity correlation by studying 744 starsactivity and the occurrence of superflares were presented.
with candidate planets in the€eplerfield observed with On the other hand, studies of flaring M dwarfs in
LAMOST. The clues uncovered suggested that gianthe Kepler field have been presented in several articles
planets around FGK stars probably form through cordy using both satellite photometry and LAMOST data
accretion, with high metallicity as a prerequisite for mas-(Yang et al. 2017Chang et al. 201,2018 Lu et al. 2019.
sive planets to formPetigura et al(2017 2018 described Using Kepler and LK project data, research progress
the California-Kepler Survey which aims to improve was reported on the chromospheric activity of periodic
our knowledge of the properties of stars found to hoswariable stars Zhangetal. 2018b and long-rotation-
transiting planets by th&eplermission. That survey used period main-sequence sta@( et al. 2019. By extracting
LK stellar parameters to define their observational samplezhromospheric indices for 59816 stars from LAMOST
They effectively extended their sample by calibrating LK spectra and photospheric index data for 5575 stars from
project metallicities to their own. They then used thoseKepler light curves, Zhang et al. (20203 studied the
data to explore statistics of various types of planets as enagnetic activity of F-, G-, and K-type stars in tKepler
function of metallicity.Bashi & Zucker(2019 combined FOV.
information from LAMOST and the California-Kepler
Survey to explore the occurrence rate of small close-ir5.5 Peculiar Starsand The Milky Way
planets amongeplertarget stars. Their results suggested _ ] ) ]
that there are two regions in the ([Fe/H/Fe]) plane in A number of articles incorporating LK project data have

which stars tend to form and maintain small planets. been devoted to the Li-rich giants in ttepler field.
Silva Aguirre et al(2014 used LAMOST observations in

Regarding the Kepler planet occurrence rates, the Keplerfield to search for potential Li-rich candidates

Guo et al.(2017; Narang et al(2018; Zhu etal.(2018, and found the first confirmed Li-rich core-helium-
Zhu (2019, and Hardegree-Ullmanetal.(2019 all  burning giant, as revealed by asteroseismic analysis.
reported research progreddurphy et al. (2016 studied Bharat Kumar et al(2018 reported two new super Li-
a planet orbiting an A-type star in th&epler field. rich K giants discovered on the basis of LK project
Kawahara & Masuda2019 provided a comprehensive data and subsequently confirmed with high-resolution
catalog of transitingKeplerplanets near the snow line. In spectra obtained with other observational facilities. The
all the above publications, LK project data were applied inLK project spectroscopic data were used to refine the
the analyses. selection function recently derived liyasey et al(2018
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for giant stars in theKepler field. The photometric 5.6 Binary Stars

selection function was then employed to identify three ) ]

metal-poor giant candidates whose masses, previoush/< Project data have also been used in the research of
estimated from standard asteroseismic scaling relation8inary stars in thikeplerfield. Godoy-Rivera & Chanamé
turned out to be overestimated by a factor of 20-175%(2018 performed, for the first time, a search for wide
Singh et al(20194 introduced a survey of Li-rich giants in b|nar|_es in theKeplerfield by usng_Vs and metallicities
the Keplerfield with LAMOST observations to determine &S criteria based on LAMOST-derived stellar parameters
their evolutionary phaseSingh et al(20190 reported the ~@nd theGaia DR2. After examining data of five different
discovery of two new super Li-rich K giants in tieepler ~ SUTveys including the<epler mission, Moe et al. (2019

field in the red clump phase with core He burning, based oR"Vided strong evidence with the help of LAMOST data
Gaia astrometry and secondary calibrations usktepler that the close-binary fraction of solar-type stars is gipn

asteroseismic analyses and LAMOST spectroscopic data@nti-correlated with metallicity. Those metallicities nee
taken from LAMOST data.

When constructing theoretical models for eclipsing
LK project data have been applied to the study ofyinaries based on the light curves képler photometry,
other types of stars and stellar populatio@®ok etal.  atmospheric parameters of the stars derived from the
(2017 developed a method to identify the spectroscopiq K project have been used as key input parameters.
signature of unresolved L-dwarf ultracool companionsyyhile studying pulsating stars in individual binaries,
employing LAMOST survey spectra anBlepler light  catanzaro et al(2018 presented a spectroscopic and
curves.Ho et al. (2017 measured carbon and nitrogen photometric analysis of the ellipsoidal variable star
abundances for a large number of giant stars from theikjc 7599132 in a binary system in thiepler field.
low-resolution LAMOST DR2 spectra, which were then | AMOST spectra of KIC 5219533 triggered the discovery
used to infer stellar masses, and compared those mass@§t this star is actually a hierarchical SB3 system.
with the masses of giants in tieplerfield estimated from  catanzaro et al(2019 derived the orbits and the atmo-
asteroseismology. To provide precise and accurate 3te”§bheric parameters of the inner SB2 pair, two twin Am
parameters for Galactic archaeologylints & Hekker  stars, and evaluated some physical properties of the third
(2017 developed an unified tool UniDAM to estimate componentZhang et al(2018¢ 2019 20201 carried out
distances, ages, and masses from spectrophotometric da{aeismic study of the: Doradus-type pulsations in the
of different surveys including LAMOST, to obtain a eclipsing binary KIC 10486425, reported the discovery and
homogenized set of stellar parameters which were verifiedaismic analysis of an EL CVn-type binary with hybrid
with those derived from asteroseismic dataepler. & Sct+ Dor pulsations, and demonstrated KIC 9850387
as a short-period PMS eclipsing binary consisting of

Bell et al. (2017 assessed the photometric variability @ hybrid - Dor-6- Sct primary component that has a
of nine stars with spectroscopic parameters from th@€arly non-rotating core&Chen et al(2020 discovered an
extremely low-mass white dwarf survey usiriepler Algol-type ecllpsmg binary, KIC 10736223, Fhat has.]ust
photometry and LAMOST spectroscopic observationsindergone the rapid mass-transfer stage, withd sscuti-
With the help of LAMOST spectrazhang et al (20183 ~ YPe pulsation modes detected. For the study of other
found four misclassified main-sequence B stars in thdyPes of binariesWang et al.(2019 reported discovery
Keplerfield, and presented spectroscopic and frequenc§f two new R CMa-type eclipsing binaries containing

analyses of those four stars based on LAMOST spectra arftl POSsible low-mass Helium white dwarf precursor:
Keplerphotometry. KIC 7368103 and KIC 8823397Liuetal. (20208

presented a comprehensive photometric investigation of
the active early K-type contact system IL Cancri.

In the research on the metallicity gradients of Among the 520K epler eclipsing binaries observed
the Galactic disk as revealed by LSS-GAC red clumprepeatedly by the LK project, 255 stars were detected as
(RC) stars,Huang etal.(2013 used improved logg  pinaries and listed in the catalog of radial velocity valgab
measurements trained by accurate asteroseismic data fraffyr candidates from LAMOST byfian et al. (2020,

the LAMOST-Kepler fields to assemble a large clean yhich provided a cross-match and robust verification of
sample of RC stars. On the other hand, thousands fe catalog.

RCs in the LK fields with accurate asteroseismic mass

measurements were applied to train the kernel principad pyaSE |1 OF THE SURVEY

component analysis method of determining the masses

and ages of as many as 140 000 RC stars from thErom 2018, the LK-MRS project, a parallel project to LK,
LAMOST spectra, to map the Galactic disk by combiningwas approved to use the medium-resoluti@n~ 7500)

the LAMOST and Gaia datdHuang et al. 2020 LAMOST spectrographs to observe objects in four central
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The LASP pipeline provides the atmospheric param-
eters (s, log g, and [Fe/H]), and radial velocityR{V)
for type late-A, F, G and K stars through the analysis of
the blue-arm medium-resolution spectra. Currently, d tota
of 71914 groups of parameters of 3981 stars are provided
for the Klal and K1a2 plates. Other parameters such as
vsini and f/Fe] can also be provided but their quality is
still under investigation. Thé&V's have small offsets that
differ from spectrograph to spectrograph and also show a
slight dependence on observation time, but these can be
eliminated easily l(iu et al. 2019. As the objects are re-
. ] visited multiple times, those measurements can be used
550 - — 25.5R dsooes to estimate the internal uncertainties of LASP parameters
Right Ascension (degrees) and RV's. Zong et al.(2020 finds thatT.g, log g, [Fe/H]
and RV have internal uncertainties of 100K, 0.15dex,
Fig.8 Sky coverage of footprints from the LK-MRS 0 09dex and 1.00km$ respectively for SIN= 10. The
project stamped over the targets in Keplerfield. precisions increase as S/N increases but they approach
stable values for S/IN> 50 of ~ 30K, ~ 0.04dex,
~ 0.02dex and~ 0.75km s~1, respectively.
LK plates, during the bright nights in each lunar month.  pParameters from three other large surveys are used as
In contrast to the LK project that attempted to observe agxternal calibrators for LK-MRS byong et al.(2020).
many targets as possible with the wavelength range 370 tpheir results suggest that the parameters derived from
900 nm, the LK-MRS project aims to collect time-domain LK-MRS spectra generally agree well with those from
medium-resolution spectra for 20 plates (fdgplerand  the LK project and APOGEE, but the scatter increases
16 K2 plates) simultaneously in two spectral windows,as log g decreases when comparing with the APOGEE
495-535nm and 630-680 nm, over a period of 5 years. Thifneasurements. A largé.¢ discrepancy is found with the
strategy will provide high-quality spectra that will enapl  Gaia values. TheRV comparisons of LK-MRS tdGaia
for instance, the discovery of new binary stars and the\nd to APOGEE follow Gaussian distributions wijth~
study of their orbital propertiefRaghavan et al. 20)he  1.10 and0.73km s, respectively.
characterization of the properties of high-amplitudei@hd These data are particularly important for discover-
order) pulsating starsSfnolec & Moskalik 2008and the  ing new binaries throughRV variations. A tentative
monitoring of the variability of active stars-(ascaetal. simulation led by Wang et al. (in prep.) based on
2016. Klal observations suggests that the percentage of binary
According to the time allocation, LK-MRS will obtain Systems is higher than 10%, roughly 200 out of 1900 stars,
spectra for the four central LK plates with each p|ateWhiCh is about ten times the fraction of eclipsing binaries.
observed about 60 times (see detaild.inetal. 20203  To complement the high-precisiokepler photometry,
Their location is shown in Figur@ labeled as K1al, K1a2, the time-series?V's are also useful in the determination
K1a3 and Kla4. Those plates contain about 12 000 sta@ the physical properties of high-amplitude radial-order
down tog ~ 15.5 mag, with~ 75% of them observed by pulsators. Wang et al. (in prep.) is constructing seismic
Kepler. The actual observation sequence is determined bgpodels for an RR Lyrae star with theV's and Kepler
an automatic Python code which is used to decide whiciphotometry.
plate has the top priority. Once the plate is chosen, it will
be continuously observed until it goes out of the LAMOST
view (see details iZong et al. 202p
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7 SUMMARY AND PROSPECTS

With the aim of collecting low-resolution #R1800)

Up to 2019 June, for two out of the four plates, spectra for as many stars as possible in Kapler field
namely Klal and Kla2, 39 and 4 visits were madepf view, phase | of the LAMOSKepler project began
respectively. The data processing of medium-resolutiomn 2010. Meanwhile, observations producing “qualified”
spectra is similar to that of the low-resolution ones, butspectra started in 2012 June. Included in LAMOST DR7
the higher spectral resolution is taken into account. Altota(released March 2020), 238386 low-resolution spectra
of 76 921 spectra for 4578 objects have been collected fovith SNR, > 6 have been collected for 155623 stars
the Klal and Kl1az2 plates. Figi@eshows an example of in the Keplerfield, in which 84 976 stars are in common
the normalized spectra in the blue spectral range for awith those observed by thKepler mission constituting
eclipsing binary star observed i§epler, KIC 08685306, ~ 43% of the Kepler targets. Stellar parameters have
where the Mg triplet linesX ~ 517nm) are clearly seen. been derived and spectral classification carried out by
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Fig.9 Examples of LAMOST medium-resolution spectra of the ob}ekT 08685306 in blue band. These 10 time-
domain spectra were obtained in two nights from the LK-MR8/sy, with quality of S/N ~ 50. Flux of these
spectra is normalized and shifted with relative values fsualization. The most distinct absorption lines for insta
the Magnesium (Mg) triplet are marked with vertical lines.
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three teams with the analysis codes LASP, ROTFIT anc€China (NSFC, No. 11833002) and the Beijing Natural
MKCLASS, respectively. Science Foundation (No. 1194023).

A wide use of LK andKeplerdata by the scientific
community is witnessed by the large number of papers ifgefer ences
the literature. By making a preliminary search, we have
found 73 refereed publications from 2014 to 2020 andBalona, L. A. 2018, MNRAS, 476, 4840
a similar number of non-refereed articles. We divide theBarentsen, G., Hedges, C., Saunders, N., et al. 2018, arXiv e
former into six research areas to summarize the research prints, arXiv:1810.12554
progress obtained with the help of the LK project data. ~ Bashi, D., & Zucker, S. 2019, AJ, 158, 61

In the autumn of 2018, phase Il of the LK project, Batalha, N. M., Borucki, W. J., Koch, D. G., et al. 2010, ApJL,
also called LK-MRS, started observing about 12 000 stars 713, L109
in four central LK-fields, aiming to complete about 60 Bell, K. J., Gianninas, A., Hermes, J. J., et al. 2017, Ap&, 83
visits of each target star in multiple epochs in five years. 180
The currently available work shows that the LK-MRS BharatKumar, Y. Singh, R., Eswar Reddy, B., & Zhao, G. 2018,
observations have resulted in high-quality data which will APJL, 858, L22
prove to be useful for research in the fields of binary starsBhardwaj, A., Kanbur, S., He, S., etal. 2019, ApJ, 884, 20
high-amplitude pulsating stars, etc. Borucki, W. J., Koch, D., Bastri, G., et al. 2010, Science, 377

. A B T. M., Lath D. W, E M. E. I. 2011, A
Both the LK and LK-MRS observations are continuing rown, - Latham, - Everett, etal. 2011, AJ,

. AT 142, 112
along with other LAMOST surveys. The pipelines are ../ "o yennedy, .M., Hartle, T. R., et al. 2018, MNRAS
working well and provide large amounts of high- 478 2812
quality spectra, as well as atmospheric parameters, rad@atanzarol G. Frasca, A. Giarrusso, M., et al. 2018, MNRAS

velocities, projected rotational velocities and chemical 477, 2020
abundances of mqre than 10 elements for a great number gatanzaro, G., Gangi, M., Giarrusso, M., et al. 2019, MNRAS,
stars in theKeplerfield. We encourage astronomers to use 487, 919
the LK and LK-MRS data to carry_out scn_entn‘lc research Chang, H. Y., Song, Y. H., Luo, A. L., et al. 2017, ApJ, 834, 92
(Wang & Ip 2020Q. We expect an increasing humber of Chang, H. Y., Lin, C. L., Ip, W. H., et al. 2018, ApJ, 867, 78
papers using LK data will appear in the future. Chen, X., Zhang, X., Li, Y., et al. 2020, ApJ, 895, 136

Cook, N. J., Pinfield, D. J., Marocco, F., et al. 2017, MNRAS,
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