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Abstract The NASAKeplermission obtained long-term high-quality photometric observations for a large
number of stars in its original field of view from 2009 to 2013.To provide reliable stellar parameters in a
homogeneous way, the LAMOST telescope began to carry out low-resolution spectroscopic observations
for as many stars as possible in theKepler field in 2012. By June 2018, 238 386 low-resolution spectra
with SNRg ≥ 6 had been collected for 155 623 stars in theKepler field, enabling the determination
of atmospheric parameters and radial velocities, as well asspectral classification of the target stars.
This information has been used by astronomers to carry out research in various fields, including stellar
pulsations and asteroseismology, exoplanets, stellar magnetic activity and flares, peculiar stars and the
Milky Way, binary stars, etc. We summarize the research progress in these fields where the usage of data
from the LAMOST-Kepler (LK) project has played a role. In addition, time-domain medium-resolution
spectroscopic observations have been carried out for about12 000 stars in four central plates of theKepler
field since 2018. The currently available results show that the LAMOST-Keplermedium resolution (LK-
MRS) observations provide qualified data suitable for research in additional science projects including
binaries, high-amplitude pulsating stars, etc. As LAMOST is continuing to collect both low- and medium-
resolution spectra of stars in theKepler field, 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: spectroscopy — stars: general — stars:
statistics

1 MOTIVATIONS AND AIMS

The NASA space missionKepler was designed to detect
Earth-like planets around solar-type stars with the transit
method by monitoring continuously the brightness of
around 200 000 stars in a fixed Field-of-View (FOV) of 105
square degrees in the constellations of Lyra and Cygnus
(Borucki et al. 2010). It collected almost continuous time-
series ultra-high precision photometry for the target stars
in this FOV between 2009 May 2 and 2013 May 11,

⋆ Corresponding authors

providing unprecedented light curves for not only the
detection of exoplanets but also research in more extensive
areas, including stellar oscillations, eclipsing binaries,
stellar activity, star clusters, etc (Barentsen et al. 2018).
However, to fully exploit the excellent data ofKepler for
many kinds of scientific research, knowledge of the basic
physical parameters of the target stars is essential. These
physical parameters include the effective temperature
(Teff), surface gravity (log g), metallicity ([M/H]), and
projected rotation velocity (v sin i), the latter being es-
pecially important for asteroseismic studies of oscillating
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stars (Michel 2006; Cunha et al. 2007). Unfortunately,
the Kepler wide-passband photometry is not suitable for
deriving stellar atmospheric parameters. Hence, ground-
based photometric observations were carried out before the
launch ofKepler and led to the determination of stellar
parameters recorded in theKepler Input Catalog (KIC;
Brown et al. 2011). The precision of those parameters has
proven to be too low in general for asteroseismic modelling
(Molenda-Zakowicz et al. 2010; McNamara et al. 2012).
In addition, reliable information about stellar metallicity
and rotation rate was lacking. In view of the large number
of target stars, a facility capable of making spectroscopic
observations for multiple targets efficiently was very
desirable.

The Large Sky Area Multi-Object Fiber Spectroscopic
Telescope (LAMOST, also called the Guo Shou Jing
Telescope) has proven to be an ideal instrument for such
aims, since it combines a large aperture of 3.6-4.9 m and
a wide circular FOV with a diameter of5 deg (Wang et al.
1996).The focal plane can host up to 4000 fibers, which are
connected to 16 identical spectrographs (Xing et al. 1998).
Since 2012 the LAMOST spectrographs have employed
entrance slits with widths two-thirds of the diameter of the
fibers (corresponding to∼ 213µm, or2.2′′ on the sky). The
spectral resolutions with those slits are∼ 1800 and∼ 7500

for the low- and medium-resolution gratings, respectively
(see more details inCui et al. 2012; Hou et al. 2018).

In 2010, we launched the LK project. LAMOST
observations to collect low-resolution spectra for as many
stars as possible in theKepler FOV were started in
May 2011 as phase I of the project. However, changes
in the configuration of the instrument were made in
early 2012, and so none of the spectra obtained in 2011
are used in our analysis. Time-series medium-resolution
spectroscopic observations, beginning in September 2018,
are being obtained for stars in four central LAMOST
plates in theKepler field as phase II. The low-resolution
spectra obtained in phase I allow not only homogeneous
determination of the stellar atmospheric parameters (Teff ,
log g and [Fe/H]) and spectral classification of the
observed stars, but also an estimation of the radial velocity
(RV ) and, in the case of rapid rotation, the projected
rotational velocity (v sin i). The higher resolution spectra
enable the derivation of chemical abundances and the
measurement of the strength of the Hα chromospheric
emission for stars with a lower level of magnetic activity.
To study binaries and in particular large-amplitude variable
stars, it is helpful to have more precise stellar parameters
and time domain measurements of radial velocities. These
were provided in phase II by medium resolution spectra of
the targets at multiple epochs. Since the first data release of
the LK project in 2015, the data obtained have been used
for research in various fields with fruitful scientific results.

Table 1 General Contents of the LK Project Observations
during the Regular Survey Phase from 2012 June to 2018
June

Year LK field Plate Spectra Parameter

2012 3 7 17 659 11 682
2013 6 14 39 309 28 115
2014 7 14 38 516 29 351
2015 11 32 97 247 81 381
2017 7 18 40 763 28 232
2018 1 2 4892 3957

Total 238 386 182 618
Unique 100 219 85 932

2× 37 563 28 555
3× 12 343 8205
4× 3441 2321

+5× 2057 1016

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

In this paper, we focus on phase I of the LK project
in Sections 2–5. The survey design of the LK project
of phase I is described in Section2. We summarize the
observations and spectra in Section3. Section4 is devoted
to the description of three computer codes applied to
estimate the stellar parameters, radial velocity, projected
rotational velocity, and spectral classification. Scientific
research based on the data of phase I of the LK project
is presented in Section5. In Sections6 and7, we discuss
phase II of the LK project and give a brief summary and
prospects.

2 SURVEY DESIGN

Since theKepler FOV is approximately a quadrilateral
with an area of 105 square degrees, while LAMOST
has a circular FOV of 20 square degrees, we used 14
LAMOST plates to almost fully cover theKepler FOV;
these are called “LK-fields”. Each of the LK-fields has a
star brighter thanV = 8 at the center, as designated by
their plate ID (Fig.1). One can see the details of the 14
LK-fields in figure 2 and table 1 ofDe Cat et al.(2015).

With the information for the stars in theKepler
FOV provided by KIC, we divided the stars into
“Standard targets”, “KASC targets”, “Planet targets” and
“Extra targets” groups which correspond, respectively,
to ∼120 MK secondary standard stars,∼6500 targets
selected by theKeplerAsteroseismic Science Consortium
(KASC), ∼150 000 targets selected by theKepler planet
search group (Batalha et al. 2010), and∼1 000 000 targets
from the KIC (Brown et al. 2011). Observing priorities
were assigned to those four groups, in that order, from high
to low.

With the target lists of the 14 LK-fields, the code
“Survey Strategy System” was used to prepare the
observation plans of the LK project to optimize the
effective use of the fibers (Cui et al. 2012).
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Fig. 1 Sky coverage of all targets observed during phase I
of the LK project. The stars observed by LAMOST and
with Keplerphotometry are purple, while others are dark
green. The numbers in red mark the central positions of the
14 LK fields.

3 OBSERVATIONS AND SPECTRAL
REDUCTIONS

Observations on the LK project began on 2011 May 30
during the pilot survey phase of LAMOST. As the data
quality improved with the adoption of the narrower slit
width in June 2012, only the observations obtained since
that date have been retained for the LK project. Table1
lists the LK project observations from June 2012 to June
2018.

The raw spectroscopic data were reduced with the
LAMOST 2D and 1D pipelines (Luo et al. 2012, 2015).
Those pipelines together provide wavelength and flux-
calibrated spectra. Those spectra with Signal-to-Noise
ratios (SNR) in theSDSS gband higher than or equal
to 6 are accepted as “qualified” data. By the time of the
LAMOST Data Release 7 (DR7; March 2020), we had
obtained in total 238 386 qualified spectra of 155 623 stars.
Figure 1 shows the sky coverage of all targets observed
by the LK project. Figures2 and3 show the distribution
of Kepler magnitudes of the stars observed by LAMOST
during phase I of the LK project and the distribution of
the g-band SNR of the low-resolution spectra of the LK
project, respectively.

4 STELLAR PARAMETER DETERMINATION

For all the spectra obtained for the LK project, three teams
have been using independent approaches to characterize
the observed target stars and derive stellar parameters.

4.1 LASP

The “Asian team” performed statistical analyses of the
stellar parameters resulting from the LAMOST stellar

Fig. 2 Distribution of theKepler magnitude of the stars
observed by LAMOST during phase I of the LK project.

parameter pipeline (LASP;Luo et al. 2015). The LASP
code determines the stellar atmospheric parameters (Teff ,
log g, [Fe/H]) andRV for late A-, F-, G-, and K-type
dwarf and giant stars.Ren et al.(2016a) and Zong et al.
(2018) analyzed the stellar parameters andRV of the LK
project provided by LASP in DR3 and DR5 of LAMOST,
respectively. DR7 of LAMOST contains the latest stellar
parameter determinations andRV for all of the LK project
spectra from LASP. Figures4 and5 show the histograms of
these measurements and the Kiel diagram (log g vs. Teff)
of the qualified LK spectra, respectively.

4.2 ROTFIT

The “European team” determined stellar parameters and
spectral classification with an adapted version of the code
ROTFIT (Frasca et al. 2003, 2006). Frasca et al.(2016)
derived theRV and atmospheric parameters for 61 753
spectra of 51 385 target stars of the LK project, identified
interesting and peculiar objects, such as stars withRV
variations, ultrafast rotators, and emission-line objects.
In addition, 442 chromospherically active stars were
discovered in theKeplerfield.

4.3 MKCLASS

The “American team” developed the code MKCLASS for
automatically classifying stars with the spectra obtained
by the LK project on the MK spectral classification
system independent of the stellar parameter determination
(Gray & Corbally 2014). Gray et al.(2016) presented the
quality and reliability of the spectral types of 80 447 stars
with 101 086 spectra, computed the proportion of A-type
stars that are Am stars, and identified 32 new barium dwarf
candidates in theKeplerfield.

5 SCIENTIFIC RESEARCH

Spectra and stellar parameters derived by the LK project
have been used by astronomers in various research fields.
In the literature, we have to date found 73 refereed
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Fig. 3 Distribution of the SNR in theg band for the low-resolution spectra of the LK project.

publications, which is certainly a lower limit, and a similar
number of non-refereed articles that use data from the LK
project. Here, we summarize only the research published
in refereed papers and based on the low-resolution spectra
observed by LAMOST for the stars in theKepler field.
Figure 6 shows the number of refereed publications in
different years from 2014 to 2020.

We classify the refereed papers into six research areas:
A) survey spectra and stellar parameter determination; B)
stellar pulsations and asteroseismology; C) exoplanets; D)
stellar magnetic activity and flares; E) peculiar stars and
the Milky Way, and F) binary stars. We show the number of
refereed papers according to the research area in Figure7.

5.1 Survey Spectra and Stellar Parameters

Up to the time of writing, there have been five refereed
publications that have (i) introduced the LK project,
(ii) released the survey data, (iii) carried out spectral
classifications and, (iv) derived and calibrated stellar
parameters for up to 156 390 stars in theKepler field
(De Cat et al. 2015; Frasca et al. 2016; Gray et al. 2016;
Ren et al. 2016a; Zong et al. 2018, respectively). Using
12 000 stars observed by the LK project,Dong et al.
(2014) showed that the metallicities ofKepler field stars
reported in the KIC were systematically underestimated
and spanned a range of values smaller than that displayed
by the [Fe/H] values derived spectroscopically by the
LK survey. On the other hand,Liu et al. (2015) used
the asteroseismology-determined surface gravities of the
giant stars based on theKepler light curves to calibrate
the measurements derived by the LAMOST pipeline.
Wang et al. (2016) applied theTeff and [Fe/H] values
of the LK project to the global oscillation parameters
to establish empirical calibration relations for thelog g
values of dwarfs and giants.Xiang et al.(2017) estimated
stellar atmospheric parameters, absolute magnitudes, and
elemental abundances from the LAMOST spectra with
the LAMOST Stellar Parameter Pipeline at Peking
University (LSP3). In addition, the stellar properties

of Kepler targets derived from LK project data were
discussed byMathur et al.(2017), Pande et al.(2018), and
Scaringi et al.(2018).

5.2 Stellar Pulsations and Asteroseismology

The LK project data have been applied to studies of
stellar pulsations.Hey et al. (2019) discovered six roAp
stars in theKepler long-cadence data with four of them
identified as chemically peculiar stars using LAMOST
spectra.Smalley et al.(2017) studied a large sample of
A and Am stars with spectral types from LAMOST
and light curves of WASP, finding that the amplitude
distributions agree with results obtained fromKepler
photometry.Bhardwaj et al.(2019) studied Mira variables
in the Magellanic Clouds compared with those in the
Kepler field, and used the spectra provided by the LK
project.Balona(2018) illustrated the effect of tides on self-
driven stellar pulsations of the heartbeatδ Scuti variable
KIC 4142768 using the LK project data.

Yu et al. (2016) analyzed solar-like oscillations in
1523Keplerred giants which had previously been misclas-
sified as subgiants due to large errors in the KIC, by com-
paring the KIC surface gravities with the values derived
by the LK project.Yu et al. (2018) characterized solar-
like oscillations and granulation for 16 094 oscillating red
giants by using the long-cadence data ofKepler, which
are helpful to lift degeneracies in deriving atmospheric
parameters from LAMOST.Li et al. (2017) performed
asteroseismic analysis on six solar-type stars observed
by Kepler with the LK project atmospheric parameters
serving as constraints on stellar models.Li et al. (2018)
conducted an analysis for the asteroseismic binary system
KIC 7107778 with a non-eclipsing unresolved companion
having solar-like oscillations. The LK project atmospheric
parameters were used when the two stars were modelled
theoretically.

LAMOST observations for stars in theKepler field
help to derive more precise parameters for the target
stars of asteroseismic analysis with theKepler time-
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(a)

(b)

(c)
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Fig. 4 Histogram of atmospheric parameters andRV
derived from 238 386 spectra. Panel (a): the effective
temperatureTeff (K); (b): the surface gravitylog g (dex);
(c): the metallicity [Fe/H] (dex); and (d): the radial velocity
RV (km s−1).

series photometric data.Ren et al.(2016b) found that the
surface gravities yielded by LSP3 are in good agreement
with the asteroseismic values.Wu et al. (2017, 2018,
2019) examined the age determination as well as the
contamination rate for a sample of 150 main sequence
turn-off stars, estimated masses and ages of 6940 red
giant branch stars, and presented a catalogue of stellar
age and mass estimates for a sample of 640 986 red
giant branch stars, respectively. Using spectra of the
LK project to investigate chromospheric activity and
Kepler light curves to investigate photospheric activities
of 2603 stars, Zhang et al. (2020a) found that 254

Fig. 5 Kiel diagram (log g vs. Teff) of the “qualified”
LK spectra. The parameters are derived from the LASP
pipeline. Note that different colors indicate different values
of metallicity [Fe/H].
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Fig. 6 Number of refereed publications using LK project
data according to year.
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Fig. 7 Number of refereed publications using LK project
data according to area. The letters denote the following
categories: A: survey spectra and stellar parameter
determination; B: stellar pulsations and asteroseismology;
C: exoplanets; D: stellar magnetic activity and flares; E:
peculiar stars and the Milky Way; F: binary stars.

stars with near-solar rotation periods had chromospheric
activities systematically higher than those with undetected
rotation periods.de Assis Peralta et al.(2018) reported a
new method for extracting seismic indices and granulation
parameters for more than 20 000 CoRoT andKepler red
giants.Stassun et al.(2018) presented empirical accurate
masses and radii of single stars with TESS andGaia data,
where the values ofKeplersingle stars were compared.
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5.3 Exoplanets

LK project data in theKepler field have been used
successfully to investigate exoplanets and their parent
stars. For instance,Mulders et al.(2016) took a sample of
over 20 000Kepler stars with spectroscopic metallicities
from the LAMOST survey to explore how the exoplanet
population depends on host star metallicity as a function
of orbital period and planet size.

By using the precise spectroscopic parameters of
host stars from LAMOST observations,Xie et al. (2016)
measured the eccentricity distributions for a homogeneous
sample of 698 planets discovered byKepler. They found
that in systems with only one transiting planet, those
planets are on eccentric orbits with e≈0.3, whereas the
planets in multi-planet systems have nearly circular and
coplanar orbits similar to those of our solar system.
Dong et al. (2018) used accurate stellar parameters for
main-sequence stars provided by the LK project to study
the distributions of short-periodKepler planets as a
function of host star metallicity, which helped them to
discover a population of short-period, Neptune-size planets
sharing key similarities with hot Jupiters.

Wang et al. (2018) presented a statistical study of
the planet-metallicity correlation by studying 744 stars
with candidate planets in theKepler field observed with
LAMOST. The clues uncovered suggested that giant
planets around FGK stars probably form through core
accretion, with high metallicity as a prerequisite for mas-
sive planets to form.Petigura et al.(2017, 2018) described
the California-Kepler Survey which aims to improve
our knowledge of the properties of stars found to host
transiting planets by theKeplermission. That survey used
LK stellar parameters to define their observational sample.
They effectively extended their sample by calibrating LK
project metallicities to their own. They then used those
data to explore statistics of various types of planets as a
function of metallicity.Bashi & Zucker(2019) combined
information from LAMOST and the California-Kepler
Survey to explore the occurrence rate of small close-in
planets amongKepler target stars. Their results suggested
that there are two regions in the ([Fe/H], [α/Fe]) plane in
which stars tend to form and maintain small planets.

Regarding the Kepler planet occurrence rates,
Guo et al.(2017); Narang et al.(2018); Zhu et al.(2018),
Zhu (2019), and Hardegree-Ullman et al.(2019) all
reported research progress.Murphy et al. (2016) studied
a planet orbiting an A-type star in theKepler field.
Kawahara & Masuda(2019) provided a comprehensive
catalog of transitingKeplerplanets near the snow line. In
all the above publications, LK project data were applied in
the analyses.

5.4 Stellar Magnetic Activity and Flares

The long-term almost-continuous photometric observa-
tions by Kepler have provided an unprecedented op-
portunity for the study of magnetic activity at the
photospheric level for a large number of stars. In particular,
rotational modulation of the ultra-precise photometry
enables detection of rotation periods, differential rotation,
and starspot distributions. Flares from a large number of
stars may likewise be studied and characterized.Kepler
photometry along with information on the target stars
derived from spectra obtained by facilities like LAMOST,
has placed research in this field on a more solid foundation.
For example,Yang & Liu (2019) presented a flare catalog
of the Kepler mission, comprising 3420 flare stars and
162 262 flare events. The incidence of flare stars rises
with decreasing temperatures, where the latter values were
provided by the LK project.

With respect to solar-type stars,Karoff et al. (2016)
analyzed observations made with LAMOST of 5648
sources, including 48 superflare stars, finding that
superflare stars are generally characterized by higher
chromospheric activity levels than other stars including the
Sun. There was significant evidence for superflares and
solar flares to most likely share the same origin, and robust
estimates of the relationship between chromospheric
activity and the occurrence of superflares were presented.
On the other hand, studies of flaring M dwarfs in
the Kepler field have been presented in several articles
by using both satellite photometry and LAMOST data
(Yang et al. 2017; Chang et al. 2017, 2018; Lu et al. 2019).
Using Kepler and LK project data, research progress
was reported on the chromospheric activity of periodic
variable stars (Zhang et al. 2018b) and long-rotation-
period main-sequence stars (Cui et al. 2019). By extracting
chromospheric indices for 59 816 stars from LAMOST
spectra and photospheric index data for 5575 stars from
Kepler light curves, Zhang et al. (2020a) studied the
magnetic activity of F-, G-, and K-type stars in theKepler
FOV.

5.5 Peculiar Stars and The Milky Way

A number of articles incorporating LK project data have
been devoted to the Li-rich giants in theKepler field.
Silva Aguirre et al.(2014) used LAMOST observations in
the Kepler field to search for potential Li-rich candidates
and found the first confirmed Li-rich core-helium-
burning giant, as revealed by asteroseismic analysis.
Bharat Kumar et al.(2018) reported two new super Li-
rich K giants discovered on the basis of LK project
data and subsequently confirmed with high-resolution
spectra obtained with other observational facilities. The
LK project spectroscopic data were used to refine the
selection function recently derived byCasey et al.(2018)
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for giant stars in theKepler field. The photometric
selection function was then employed to identify three
metal-poor giant candidates whose masses, previously
estimated from standard asteroseismic scaling relations,
turned out to be overestimated by a factor of 20-175%.
Singh et al.(2019a) introduced a survey of Li-rich giants in
theKeplerfield with LAMOST observations to determine
their evolutionary phases.Singh et al.(2019b) reported the
discovery of two new super Li-rich K giants in theKepler
field in the red clump phase with core He burning, based on
Gaia astrometry and secondary calibrations usingKepler
asteroseismic analyses and LAMOST spectroscopic data.

LK project data have been applied to the study of
other types of stars and stellar populations.Cook et al.
(2017) developed a method to identify the spectroscopic
signature of unresolved L-dwarf ultracool companions,
employing LAMOST survey spectra andKepler light
curves.Ho et al. (2017) measured carbon and nitrogen
abundances for a large number of giant stars from their
low-resolution LAMOST DR2 spectra, which were then
used to infer stellar masses, and compared those masses
with the masses of giants in theKeplerfield estimated from
asteroseismology. To provide precise and accurate stellar
parameters for Galactic archaeology,Mints & Hekker
(2017) developed an unified tool UniDAM to estimate
distances, ages, and masses from spectrophotometric data
of different surveys including LAMOST, to obtain a
homogenized set of stellar parameters which were verified
with those derived from asteroseismic data ofKepler.

Bell et al. (2017) assessed the photometric variability
of nine stars with spectroscopic parameters from the
extremely low-mass white dwarf survey usingKepler
photometry and LAMOST spectroscopic observations.
With the help of LAMOST spectra,Zhang et al.(2018a)
found four misclassified main-sequence B stars in the
Kepler field, and presented spectroscopic and frequency
analyses of those four stars based on LAMOST spectra and
Keplerphotometry.

In the research on the metallicity gradients of
the Galactic disk as revealed by LSS-GAC red clump
(RC) stars, Huang et al. (2015) used improved logg
measurements trained by accurate asteroseismic data from
the LAMOST-Kepler fields to assemble a large clean
sample of RC stars. On the other hand, thousands of
RCs in the LK fields with accurate asteroseismic mass
measurements were applied to train the kernel principal
component analysis method of determining the masses
and ages of as many as 140 000 RC stars from the
LAMOST spectra, to map the Galactic disk by combining
the LAMOST and Gaia data (Huang et al. 2020).

5.6 Binary Stars

LK project data have also been used in the research of
binary stars in theKeplerfield. Godoy-Rivera & Chanamé
(2018) performed, for the first time, a search for wide
binaries in theKeplerfield by usingRV s and metallicities
as criteria based on LAMOST-derived stellar parameters
and theGaia DR2. After examining data of five different
surveys including theKepler mission,Moe et al. (2019)
provided strong evidence with the help of LAMOST data
that the close-binary fraction of solar-type stars is strongly
anti-correlated with metallicity. Those metallicities were
taken from LAMOST data.

When constructing theoretical models for eclipsing
binaries based on the light curves ofKepler photometry,
atmospheric parameters of the stars derived from the
LK project have been used as key input parameters.
While studying pulsating stars in individual binaries,
Catanzaro et al.(2018) presented a spectroscopic and
photometric analysis of the ellipsoidal variable star
KIC 7599132 in a binary system in theKepler field.
LAMOST spectra of KIC 5219533 triggered the discovery
that this star is actually a hierarchical SB3 system.
Catanzaro et al.(2019) derived the orbits and the atmo-
spheric parameters of the inner SB2 pair, two twin Am
stars, and evaluated some physical properties of the third
component.Zhang et al.(2018c, 2019, 2020b) carried out
a seismic study of theγ Doradus-type pulsations in the
eclipsing binary KIC 10486425, reported the discovery and
seismic analysis of an EL CVn-type binary with hybrid
δ Sct-γ Dor pulsations, and demonstrated KIC 9850387
as a short-period PMS eclipsing binary consisting of
a hybrid γ Dor-δ Sct primary component that has a
nearly non-rotating core.Chen et al.(2020) discovered an
Algol-type eclipsing binary, KIC 10736223, that has just
undergone the rapid mass-transfer stage, with sixδ Scuti-
type pulsation modes detected. For the study of other
types of binaries,Wang et al.(2019) reported discovery
of two new R CMa-type eclipsing binaries containing
a possible low-mass Helium white dwarf precursor:
KIC 7368103 and KIC 8823397.Liu et al. (2020b)
presented a comprehensive photometric investigation of
the active early K-type contact system IL Cancri.

Among the 520Kepler eclipsing binaries observed
repeatedly by the LK project, 255 stars were detected as
binaries and listed in the catalog of radial velocity variable
star candidates from LAMOST byTian et al. (2020),
which provided a cross-match and robust verification of
the catalog.

6 PHASE II OF THE SURVEY

From 2018, the LK-MRS project, a parallel project to LK,
was approved to use the medium-resolution (R ∼ 7500)
LAMOST spectrographs to observe objects in four central
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Fig. 8 Sky coverage of footprints from the LK-MRS
project stamped over the targets in theKeplerfield.

LK plates, during the bright nights in each lunar month.
In contrast to the LK project that attempted to observe as
many targets as possible with the wavelength range 370 to
900 nm, the LK-MRS project aims to collect time-domain
medium-resolution spectra for 20 plates (fourKepler and
16 K2 plates) simultaneously in two spectral windows,
495-535nm and 630-680nm, over a period of 5 years. This
strategy will provide high-quality spectra that will enable,
for instance, the discovery of new binary stars and the
study of their orbital properties (Raghavan et al. 2010), the
characterization of the properties of high-amplitude (radial
order) pulsating stars (Smolec & Moskalik 2008) and the
monitoring of the variability of active stars (Frasca et al.
2016).

According to the time allocation, LK-MRS will obtain
spectra for the four central LK plates with each plate
observed about 60 times (see details inLiu et al. 2020a).
Their location is shown in Figure8, labeled as K1a1, K1a2,
K1a3 and K1a4. Those plates contain about 12 000 stars
down tog ∼ 15.5 mag, with∼ 75% of them observed by
Kepler. The actual observation sequence is determined by
an automatic Python code which is used to decide which
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 inZong et al. 2020).

Up to 2019 June, for two out of the four plates,
namely K1a1 and K1a2, 39 and 4 visits were made,
respectively. The data processing of medium-resolution
spectra is similar to that of the low-resolution ones, but
the higher spectral resolution is taken into account. A total
of 76 921 spectra for 4578 objects have been collected for
the K1a1 and K1a2 plates. Figure9 shows an example of
the normalized spectra in the blue spectral range for an
eclipsing binary star observed byKepler, KIC 08685306,
where the Mg triplet lines (λ ∼ 517nm) are clearly seen.

The LASP pipeline provides the atmospheric param-
eters (Teff , log g, and [Fe/H]), and radial velocity (RV )
for type late-A, F, G and K stars through the analysis of
the blue-arm medium-resolution spectra. Currently, a total
of 71 914 groups of parameters of 3981 stars are provided
for the K1a1 and K1a2 plates. Other parameters such as
v sin i and [α/Fe] can also be provided but their quality is
still under investigation. TheRV 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 (Liu et al. 2019). As the objects are re-
visited multiple times, those measurements can be used
to estimate the internal uncertainties of LASP parameters
andRV s. Zong et al.(2020) finds thatTeff , log g, [Fe/H]
and RV have internal uncertainties of 100 K, 0.15 dex,
0.09 dex and 1.00 km s−1 respectively for S/N= 10. The
precisions increase as S/N increases but they approach
stable values for S/N> 50 of ∼ 30K, ∼ 0.04dex,
∼ 0.02dex and∼ 0.75 km s−1, respectively.

Parameters from three other large surveys are used as
external calibrators for LK-MRS byZong et al.(2020).
Their results suggest that the parameters derived from
LK-MRS spectra generally agree well with those from
the LK project and APOGEE, but the scatter increases
as log g decreases when comparing with the APOGEE
measurements. A largeTeff discrepancy is found with the
Gaia values. TheRV comparisons of LK-MRS toGaia
and to APOGEE follow Gaussian distributions withµ ∼

1.10 and0.73 km s−1, respectively.
These data are particularly important for discover-

ing new binaries throughRV variations. A tentative
simulation led by Wang et al. (in prep.) based on
K1a1 observations suggests that the percentage of binary
systems is higher than 10%, roughly 200 out of 1900 stars,
which is about ten times the fraction of eclipsing binaries.
To complement the high-precisionKepler photometry,
the time-seriesRV s are also useful in the determination
of the physical properties of high-amplitude radial-order
pulsators. Wang et al. (in prep.) is constructing seismic
models for an RR Lyrae star with theRV s andKepler
photometry.

7 SUMMARY AND PROSPECTS

With the aim of collecting low-resolution (R≈1800)
spectra for as many stars as possible in theKepler field
of view, phase I of the LAMOST-Kepler project began
in 2010. Meanwhile, observations producing “qualified”
spectra started in 2012 June. Included in LAMOST DR7
(released March 2020), 238 386 low-resolution spectra
with SNRg ≥ 6 have been collected for 155 623 stars
in the Kepler field, in which 84 976 stars are in common
with those observed by theKepler mission constituting
∼ 43% of the Kepler targets. Stellar parameters have
been derived and spectral classification carried out by
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Fig. 9 Examples of LAMOST medium-resolution spectra of the objectKIC 08685306 in blue band. These 10 time-
domain spectra were obtained in two nights from the LK-MRS survey, with quality ofS/N ∼ 50. Flux of these
spectra is normalized and shifted with relative values for visualization. The most distinct absorption lines for instance
the Magnesium (Mg) triplet are marked with vertical lines.

three teams with the analysis codes LASP, ROTFIT and
MKCLASS, respectively.

A wide use of LK andKepler data by the scientific
community is witnessed by the large number of papers in
the literature. By making a preliminary search, we have
found 73 refereed publications from 2014 to 2020 and
a similar number of non-refereed articles. We divide the
former into six research areas to summarize the research
progress obtained with the help of the LK project data.

In the autumn of 2018, phase II of the LK project,
also called LK-MRS, started observing about 12 000 stars
in four central LK-fields, aiming to complete about 60
visits of each target star in multiple epochs in five years.
The currently available work shows that the LK-MRS
observations have resulted in high-quality data which will
prove to be useful for research in the fields of binary stars,
high-amplitude pulsating stars, etc.

Both the LK and LK-MRS observations are continuing
along with other LAMOST surveys. The pipelines are
working well and provide large amounts of high-
quality spectra, as well as atmospheric parameters, radial
velocities, projected rotational velocities and chemical
abundances of more than 10 elements for a great number of
stars in theKeplerfield. We encourage astronomers to use
the LK and LK-MRS data to carry out scientific research
(Wang & Ip 2020). We expect an increasing number of
papers using LK data will appear in the future.
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