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Abstract From Oct. 2019 to Apr. 2020, LAMOST performed a time-domdiD) spectroscopic survey
of four K2 plates with both low- and medium-resolution obsgions. The low-resolution spectroscopic
survey acquired 282 exposures46.6 h) over 25 nights, yielding a total of about 767 000 speend the
medium-resolution survey took 177 exposured9.1 h) over 27 nights, collecting about 478 000 spectra.
More than 70%/50% of low-resolution/medium-resolutioadpa have signal-to-noise ratio higher than 10.
We determine stellar parameters (€1g.,, log g, [Fe/H]) and radial velocity (RV) with different methods,
including LASP, DD-Payne and SLAM. In general, these patemestimations from different methods
show good agreement, and the stellar parameter values asistamt with those of APOGEE. We use
the Gaia DR2 RV values to calculate a median RV zero point (RMdr each spectrograph exposure by
exposure, and the RVZP-corrected RVs agree well with the @EP data. The stellar evolutionary and
spectroscopic masses are estimated based on the stedangiars, multi-band magnitudes, distances and
extinction values. Finally, we construct a binary catalogliding about 2700 candidates by analyzing
their light curves, tting the RV data, calculating the biitg parameters from medium-resolution spectra
and cross-matching the spatially resolved binary catalognfGaia EDR3. The LAMOST TD survey is
expected to represent a breakthrough in various sciemigicts, such as binary systems, stellar activity,
stellar pulsation, etc.

Key words: astronomical database: miscellaneous — catalogs — stanstafmental parameters —
binaries: general — binaries: spectroscopic

1 INTRODUCTION (PTF; Law etal. 2009 and Zwicky Transient Facility

(ZTF; Bellmetal. 2019 Panoramic Survey Telescope
Time-domain (hereafter TD) exploration of the sky is atand Rapid Response System (Pan-STARR&]app et al.
the forefront of modern astronomy. In recent years, TD2004. SkyMapperKeller et al. 2007, the Kepler mission
astronomy has rapidly advanced thanks to many wide(Borucki et al. 201)) and the Transiting Exoplanet Survey
eld surveys, such as the Palomar Transient Factory>atellite (TESSRicker etal. 2015
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Most current TD surveys provide imaging data
and focus on the photometrically variable sky, whereas
spectroscopic surveys providing multi-epoch spectra for
variable objects are still lacking to datM#écLeod et al.
2018. The Sloan Digital Sky Survey (SDSS) TD
spectroscopic survey, an SDSS-IV eBOSS subproject, it
providing repeated observations for about 13000 qusar:
and 3000 variable stars, including dwarf carbon stars,
white dwarf/M dwarf pairs, hypervariable stars, and active
ultracool (late-M and early-L) dwarfsMacLeod et al.
2018. Recently, the Large Sky Area Multi-Object ber
Spectroscopic Telescope (LAMOST, also known as the
Guo Shouijing telescope) stgrtfad its second 5-year survqyig_ 1 Sky coverage of the four K2 plates. Thelid line
program, LAMOST II, containing both non-TD and TD represents the ecliptic plane.
surveys. In the 5-year survey plan, about 50% of nights
(dark/gray nights) are assigned to the low-resolutiordetail, including data reduction and statistics on the
spectroscopic (LRFR  1800) survey, and the other 50% observations and spectra. We describe the stellar paramete
of nights (bright/gray nights) to the medium-resolutiondetermination and comparison with other databases in
spectroscopic (MRSR 7500) survey (sediuetal. Section3. The mass estimation of the sample stars is given
202Q Zong et al. 2020for more details). in Section4. In Section5, we present a binary catalog

The LAMOST TD survey will monitor about 200 000 by applying different methqu. F.inal.ly, we summz_irize our
stars with averagely 60 MRS exposures in ve years.results_and some prospective scienti ¢ goals of this priojec
(Liu et al. 2020, which provide a great opportunity to get " SEctiont.
some breakthrough in diverse scienti ¢ topics, including
binarity, stellar pulsation, star formation, stellar aityi, 2 LAMOST OBSERVATION AND DATA

etc. For example, many attractive binaries are expected REDUCTION

to be discovered during their last evolutionary stagesyhis survey includes four footprints in the K2 campaigns
such as white dwarf-main sequence binaries, symbiotit:Fig_ 1). We referenced the Gaia Data Release 2
stars, cataclysmic variables and even binaries includingDRz) catalog Gaia Collaboration et al. 2018or source

a neutron star or black hole. An initial estimation of the go|action. Variable sources recognized by photometric
precision of the radial velocity (RV) is close to 1 kmisfor surveys (e.g., ASAS-SN, K2) were preferred. There are

the MRS datal(iu et al. 2020, which is about 3-5 times 4411y about 10 700 stars in our sample, with magnitudes
higher than those obtained from the LRS ddtaq et al. ranging from 10magto 15mag. Most stars are G- and
2015. That means more accurate orbital parameters CaR_type stars (Fig2).

be determined for the binaries. We can also study the e performed this survey with both the LRS and

variable chromospheric activity of single stars (rotatibn \irs opservations. For LRS observation, the wavelength
modulation) or binaries (orbital modulation) by tracingth coverage is 3650-9000 (Luo etal. 2015 For MRS
behavior of the Call H&K and H lines. observation, the blue and red arms cover wavelength
In the past few years, the KepléB@rucki et al. 201D  ranges from 4958 to 5350A and from 6300A to 6800A,
and K2 missions have provided precise TD photometricespectively Liu etal. 2020. The LRS survey of each
data for hundreds of thousands of stars, which is alate was observed with 3-10 single 600s exposures in
valuable resource for various studies on many topic®ne observation night; the MRS survey of each plate
from exoplanets to asteroseismology. From 2012 to 2019yas observed with 3-8 single 1200s exposures. Both the
LAMOST carried out a LAMOST-Kepler project, using exposure numbers and exposure times may be beyond
14 LAMOST plates to almost fully cover the Kepler eld these ranges depending on the observation condition (e.qg.,
of view (105 square degreeskfyetal. 202D From seeing). The ber assignment contains target stars, ux
2018, Phase Il of the LAMOST-Kepler/K2 survey started,standard stars and sky background (Tab)e
aiming at collecting MRS data for more than 50000 stars  From Oct. 2019 to Apr. 2020, the LRS survey was
located in the Kepler eld and six K2 plateZgng etal. totally performed on 26 dark/gray nights, and the MRS sur-
2020. From 2019 to 2020, LAMOST performed a TD vey was taken on 27 bright/gray nights. For the LRS part,
survey of four new K2 plates with both LRS and MRS we derived 767 158 and 767 150 spectra in the blue and red
observations. In Sectio, we describe this project in arms, respectively, corresponding to a total exposure time
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Fig. 2 Left panel Histogram of the magnitude distribution of our samplest@he truncation around = 15mag is due
to our selection criteriaRight panel Color-magnitude diagram of our sources. The color scgleesents the density of
stars.

of 46.6h. More than 9000/6800/4100 targets have mor8 STELLAR PARAMETER DETERMINATION

than 50/60/70 exposures, and more than 9000/4100/2800 ) o ]

targets were observed more than 30/40/50ks. For the MRECT the s.pecFra obtained in this project, three groupg have
part, we collected 478694 spectra for both the blue an&een using mdependgnt approaches to characterize the
red arms, corresponding to an exposure time dB.1h. observed stars and derive stellar parameters.

There are more than 8800/4100/3500 targets with more

than 30/40/50 exposures, and more than 8800/4100/37601 LASP

targets observed more than 30/40/50ks. The eXPOSULE, hoth the LRS and MRS data. the LAMOST Stellar
numbers and exposure times per source are depicted %rameter Pipeline (LASRLO et al. 2015was employed

Figure3. to obtain the atmospheric parameteiik (, log g and
[Fe/H]) and RV. It consists of two steps: Correlation

The raw CCD data from the LRS and MRS SurVeysFunction Initial (CFIl) and ULySSWu et al. 201). The

were reduced by the LAMOST 2D pipeline, including bias former method provides initial parameter values for.
and dark subtraction, at eld correction, spectrum extrac ULySS to determine accurate measurements. The basic
tion, sky background subtraction, wavelength calibrationid€@ of the CFI algorithm is based on the template
etc. (seeLuoetal. 2015 for details). The wavelength Maiching method. The synthetic library (from Kurucz)
calibration of the LRS data was based on the Sr and THRdOPted by the CFI contains 8903 spectra. In general, ve

Ar lamps and night sky linedMagic et al. 201} whereas best-matching templates are found with the nonlinear{east

the wavelength calibration of the MRS data only relied onSduares minimization method for an observed spectrum.

the lamps. A vacuum wavelength scale was applied to th¥/& adopted the linear combination of the stellar parame-
spectra and corrected to the heliocentric frame at last. ~ t€rs of the ve templates as initial guess&e¢ et al. 201y
for ULySS. This method derived all free parametérs (

log g, [Fe/H] and RV) simultaneously via minimizing the

In order to show the spectral quality, we calculated thesquared difference between the observed and template
signal-to-noise ratio (SNR) of thegband spectrum for the spectra.
LRS data and the SNR of the whole spectrum for the MRS  The uncertainties in the parameters can be summarized
data. We derived 538 760 high-quality spectra (SNRO) as 34K inT, , 0.06dex inlog g, 0.03dex in [Fe/H] and
in the LRS survey, including 479996, 276292 and 103076&.7kms ! in RV for the LRS spectra with SNR 50,
spectra with SNR above 20, 50 and 100 respectivelyand 61K inT, , 0.06dex inlog g, 0.04dex in [Fe/H]
They corresponded to a fraction of 89.1%, 51.3% and and 1.3 kms? in RV for the MRS spectra with SNR
19.1% of the high-quality spectra. For the MRS survey, 50. For a single epoch spectrum, the errors of the
we derived 257 558 spectra with SNR above 10, includingatmospheric parameters and RV were determined by two
176603, 62121 and 16 712 ones with SNR higher than 2@actors including the SNR and the best-matchédHere
50 and 100, corresponding to a fraction of 68.6%, 24.1%ve present a brief description of the estimation of errors,
and 6.5% of the high-quality spectra, respectively. and a more detailed description is available in Du B. et
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Fig.3 Left panel Cumulative histograms of exposure numbers for the LRS aR&MurveysRight panel Cumulative
histograms of exposure times for the LRS and MRS surveys.

—
—

Fig.4 Left panel Distribution of SNR for the LRS dat&ight panel Distribution of SNR for the MRS data.

Table 1 Overview of Observations of the Four K2 Plates

LRS MRS
PlanID R.A. Dec. Ntar NEs Nsky Nexp L Nnights L Nexp M Nnights ‘M
1) (&) 3 (G) B ©® () (8 ) (10)
TD035052N235741K01 03:50:52.4 23:57:41 2820 78 354 62 8 35 7
TD064253N231249K01 06:42:53.9 23:12:49 2987 79 316 7 11 54 9
TD084656N120635K01 08:46:56.0 12:06:35 2756 80 503 86 10 53 11
TD104903N100928K01 10:49:03.2 10:09:28 1885 7 1253 57 9 35 8

The columns are: (1) PlanID: the plan name of target eld redrivith a string of 18 characters; (2) R.A.: the right ascemsif the
central star at epoch J2000; (3) Dec.: the declination ot#rgral star at epoch J2000; (43N : the number of input target stars;
(5) Nrs : the number of ux standard stars; (6)f : the number of bers for sky background measurements; )N : exposure
numbers of the LRS survey; (8))ls ;L : observed nights of the LRS survey; (9, m : exposure numbers of the MRS survey;
(10) Nnights ;m : Observed nights of the MRS survey.

al. (2021, in prep). Based on a sample of targets havinthe SNR. Through these two functions, the error of the
multiple observations, we obtained the precision of theparameter for a single epoch spectrum can be calculated
parameters using the following estimator according to its SNR and the best-matchéd

P, = P N=(N 1P P): (1) Besides the RV determined by LASP, we provided
four more RV measurements. They are marked asufy,
wherei (= 1, 2, ..., N) is one of the individual rv_71elO, rekul and rv71ell, respectively. The rst two

measurements arid is the total number of measurements RV values were both determined with the cross-correlation
for parameterP. Then, we t both the precision of method with a set of synthetic spectra as templates. The
the parameter and the best-matchedas functions of only difference is that 483 Kurucz model spectra were
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Fig.6 Distribution of the binarity parameter for the MRS

) ) ) ) spectra with SNR> 10. The color scale represents the
Fig.5 Comparison of the RV values derived with the DD- density of stars.

Payne method from blue and red bands of the LRS data.

selected for nku0 and 71 spectra from the ELODIE Data Release 14 (DR14) derived with the Payne method-
library for rv_71el0. The latter two values were further €109y (Ting etal. 2019 DD-Payne deliversTe , log g
calibrated with RV zero point (RVZP) derived by Th- @nd elemental abundances for 16 elements, C, N, O,
Ar and Sc arc lamps. A brief description of the cross-N& Mg, Al, Si, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu and
correlation method was presented as follows. First, a rougha: as Well as their error estimates from single-epoch
RV value was derived by matching an observed spectrufiPectra. The error estimates are obtained by propagating
with templates shifted from 600kms * to 600kms * the spectral ux uncertainties in the tting. To yield
in steps of 40kms!. Second, matches were carried outStatistically realistic error estimateXiang et al. (2019
between the observed spectrum and templates shifted frofrther scaled the tting errors to the dispersion of repeat
60kms 1 to 60kms ! in steps of 1kms!. Finally, the observations. For a spectrum with SNR above 50, typical
RV was determined from the highest peak of a group ofileatoric uncertainty of the parameter estimates is 30K in

correlation functions. More details can be referred to inTe » 0-07 dex inlog g and 0.03-0.1dex in the elemental
Wang et al.(2019. These RV values are not used in the @Pundance [X/H], except that [Cu/H] and [Ba/H] exhibit

following analysis. larger uncertainties (0.2-0.3 dex).
The DD-Payne model oKiang et al. (2019 is built
3.2 The DD-Payne Method on spectra in the rest frame but itself does not deliver

the stellar RV values. We determined RV with a cross-
For the LRS data, we have also determined the stellacorrelation algorithm, similar to that of LSPXiéing et al.
parameters with the DD-Payne methddng et al. 2019 2015. We adopted the PHOENIX synthetic spectra
Xiang et al. 2019 The DD-Payne approach derives the (Husser et al. 2093 after degrading to the LAMOST line
stellar parameters with a hybrid method that combines thepread function, as the templates of RV determination.
data-driven approach with priors of astrophysical modglin Besides the RV derived from the full LAMOST spectra
(Tingetal. 2017 Xiang etal. 201% utilizing neural- (3800-900), we also delivered the Ryand RV from
network spectral interpolation and the tting algorithm of the blue- and the red-arm spectra separately, as it is
Payne Ting et al. 2019. We inherited the LAMOST DD- found that there is considerable systematic offset in the
Payne model ofXiang et al. (2019, which constructs a wavelength calibration between the blue- and red arms of
neural-net spectral model utilizing the LAMOST spectrathe LAMOST spectrographs (Fi§). This systemic offset
that have accurate stellar parameters from high-resolutiochas been reported iyu et al.(2019 in that the RV value
spectra from GALAH DR2 Buder et al. 2018and the calculated with the H line in the red arm is higher by
value-added stellar parameter catalog of Apache Point 7 kms ! than that from the blue arm. In the following
Observatory Galactic Evolution Experiment (APOGEE)analysis, we used the RV value from the blue arm.
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Fig.7 Top panelsComparison of thd, , log g, [Fe/H] and RV values between LASP and DD-Payne using the LRS
data. Theblack linesare the best ttings with a single Gaussian distributiontie histogramsgreen. Bottom panels
Comparison of thd@, , logg, [Fe/H] and RV values between LASP and SLAM relying on the MRR$a.

3.3 SLAM generated 100000 spectra for single stars and 100000
for binaries based on the stellar evolutionary model

For the MRS data, we also derived the stellar parameterghoj et al. 2016 Dotter 2016 and the synthetic spectral
(e.9., Te , logg and [Fe/H]) with the Stellar LAbel grig (Allende Prieto et al. 2018 trained a convolutional
Machine (SLAM) ¢hangetal. 202Qk), which is a npeyral network (CNN) as a classi er, and nally predicted
machine learning method like DD-Payne but based Ofhe pinarity values of observed spectra. This method is
support vector regression (SVR). SLAM can generallyjnitially described in Jing et al. (2021, in prep) and
determine stellar labels over a wide range of spectraépp”ed to the LAMOST LRS spectra. Figubedisplays
types. It consists of three steps, including data prethe distribution of the binarity parameter for the MRS
processing (i.e., spectra normalization and training datapectra with SNR 10. The subpopulation with binarity
standardization), SVR model training for each wavelengtip g js mostly double-lined spectroscopic binaries. Manual
pixel and stellar label prediction for observed spectrajnspection of those spectra af rms that this classi cation
Previous tests on the LAMOST MRS data showed thainethod is very ef cient. Currently, this method is still
for a spectrum withSNR 50, the precisions offe ,  peing improved and tested on more LAMOST MRS
log g and [Fe/H] are about 65K, 0.02dex and 0.06 dexspectra (Zhang et al. 2021, in prep).
respectively Zhang et al. 2020b

RVs of spectra were rst estimated with a cross-
correlation function maximization methbgZhang et al.
2021 and were used to shift the normalized spectra ) _
to the same scale. Then SLAM was trained on the*S described above, we employed three independent

synthetic spectral grid based on the ATLAS9 mode/Methods to determine the stellar parameters. Since the
(Allende Prieto et al. 20)8which is degraded t@R LASP method was utilized to derive the parameters for

750Q and was utilized to derive stellar labels including b(_)th the LRS and MRS data, we compared their results
T. ,log g, [Fe/H] and [ /Fe]. with those from DD-Payne (for LRS data) and SLAM (for
’ ’ MRS data). The spectra with SNR50 and 4000 K< T ¢

To ef ciently cope with spectroscopic binaries, we .
. W y .p,, b P < 7500K (LASP results) were used for comparison.
estimated a “binarity” parameter for each spectrum. We

3.4 Comparison between Different Methods

In general, most of the parameters obtained from
1 https://github.com/hypergravity/laspec . different methods are in good agreement (Fig.
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Fig.8 Top panel Comparison offe between LASP and Fig.9 Top panel Comparison offe between LASP and
DD-Payne utilizing the LRS data. The colorbar representSLAM utilizing the MRS data. The colorbar represents
logg. Middle panel Comparison ofogg between LASP logg. Middle panel Comparison ologg between LASP
and DD-Payne. The colorbar represengs. Bottom panel  and SLAM. The colorbar represents . Bottom panel
Comparison of [Fe/H] between LASP and DD-Payne. TheComparison of [Fe/H] between LASP and SLAM. The
colorbar representsgg. colorbar representsgg.

There are some objects showing lower effective
temperatures ( 250 K) from LASP results than those MRS data, some hot dwarfsT{ & 6500K from the
from DD-Payne (Fig.8). These objects are mostly cool LASP results) exhibit higher temperatures (around 500
dwarfs, which have temperature estimations ranging froni) than those from SLAM (Fig9). The surface gravity
4000K to 4700K in LASP results but ranging from shows deviation from a symmetric Gaussian distribution.
4300K to 4900K in DD-Payne results. A group of Most of these objects are cool dwarf6.( . 4500K).
objects classi ed as dwarfs by LASRof g & 3.5) has This systematic offset is mainly caused by the different
log g estimations by DD-Payne lower than 3.0. For thetraining sets: LASP relies on the empirical template ligrar
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Fig. 10 Top panel Example of distribution of the RVZPs as a 2D-function of #pectrograph ID and observed epochs
(local MIM) for the TD035052N235741K01 plate by utiliziniget LRS data. The numbers mean the RVZP values in
kms 1, and the color represents common stars used to calculatéftiet values. Theertical green linesplit different
nights.Bottom panelExample of distribution of the RVZPs as a 2D-function of #pectrograph ID and observed epochs
(local MJIM) for the TD035052N235741K01 plate by using the M&ata.

ELODIE, while SLAM uses the synthetic spectral grid point. For the MRS data, both the LAMOST pipeline

from the ATLAS9 model. andWang et al.(2019 determined a universal RVZP for
each spectrograph by comparing the measured RVs to
3.5 RV Correction those of RV standard stars selected from APOGEE data

(Huang et al. 2018 This only corrects the systemic RVZP
Due to the temporal variation of the zero-points, smalloffsets between different spectrographis. et al. (20198
systemic offsets exist in RV measurementsuftal. proposed a method to correct the temporal RVZP variation
2019h Zong et al. 2020 Zhang et al. 2021 Therefore, by considering “RV-constant” stars in each spectrograph.
the RV value of each spectrum (i.e., each ber at eaclHowever, we found that there are only a few “RV-constant”
exposure) needs a correction with corresponding zero
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weightwy is estimated with the square of the SNR of each
spectrum. Figurd 1 shows the distribution of our samples
inthelogg-Te diagram.

We employed the weighted average values (from
LASP estimation) to make a comparison of the parameters
derived from the LRS and MRS data. Generally, the values
of Te , logg and [Fe/H] from LRS are in good agreement
with those from MRS (Figl2). There is a systematic offset
between the LRS and MRS RV measurements:52
3:30kms 1). After correcting the RVZP (Sec8.5), the
offset reduces to 0.06 1.94kms?'. The systematic
offset nearly disappears, suggesting that our RV cornectio
method is reasonable and valid.

Fig. 11 Hertzsprung-Russell diagram of the sample stars3 7 comparison with APOGEE
The color scale represents the density.

We cross-matched our sample with the APOGEE Data
stars for some spectrographs in the observations of ongglease 16 (DR16) catalog, and there are 1001 common
eld. If the RVZP varies abruptly in one observation, thesegiars. |n general, the values 3t , logg and [Fe/H]
“RV-constant” stars will be excluded, or this observationfom poth the LRS and MRS surveys and those from
has to be abandoned. APOGEE are consistent (Fid.3). It can be seen that

Here, we used the Gaia DR2 data to determine théne RvZzP-corrected RVs display good agreement with
RVZPs for each spectrograph exposure by exposure, aiflpse of APOGEE. As noted in SectiG® that the LRS
applied them as the common RV shift of the bers in the rys from the blue and red arms show a systemic offset
same spectrograph. of 5-7kms?!, we found the LRS RVs from the red

For each spectrograph, we compared the RVS Ofm agree well with those of APOGEE, with very small
the common objects in each exposure and those frojfset ( = 0.91kms?; = 3.48kms?), although

Gaia DR2, and determined a median offseRV with  the RyzP-corrected values show little improvement(

two or three iterations. One can determine the RVZP- g 76kms?®; = 3.06kms?).

corrected RVs by adding the offsetRV, and use them There are some outliers showing clear discrepancy
to compare with e.xternal RV databases (e.g., APOGEE)y¢ Te values. For objects located in the range [4500,
As an example, FiguréO features the calculated RVZPs 6500]K, their T values from different methods in

(i.e., RV)of each spectrograph in some exposures of thgnjs study are consistent with those from APOGEE

TD035052N235741K01 plate. (Fig. 14). For cooler dwarfs, the LASP returns lower
temperature than APOGEE, while DD-Payne gives higher
3.6 Weighted Average Values of the Stellar temperatures. Some of these sources may be variable
Parameters stars, since we preferred variable sources to construct our

Most of these targets were observed at multiple epoch§,ample' Inappropriate stellar templates may also result in
inaccurate parameter measuremerting et al. 202

which means we can obtain average values of the stelld i )
parameters and RV for each target. By considering the Although most of the stars in common have consistent
spectra with SNR above 10, we derived SNR-weightedneta"iCitieS with each other, we note that some objects

average values and corresponding errors for the stell ow large dllscrepancy in [Fe/H] va!ugs (Figh). Our
parameters of each target with the formulderg et al methods derived much lower metallicity than those of
APOGEE. These sources are cool dwailfs (. 4000K;

2029 P |
_ w. P logg & 4.5). Some of these sources are probably variable
P= _% (2 stars or binaries, and clearly the parameter estimations of
and the Iattgr are inaccurate. On the other hand, it is dif calt t
s 5 determine accurate stellar parameters for very cool dwarfs
= N P PR
w N 1 « Wi . 4 MASS DETERMINATION

The indexk is the epoch of the measurements of parameteéie determined an evolutionary mass by relying on two
P (i.e.,Te , logg, [Fe/H] and RV) for each star, and the methods and a spectroscopic mass for our sample stars.
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Fig. 12 Comparison of th@, , logg, [Fe/H] and RV values from LRS and MRS data by applying the PASethod.
Theblack linesare the best tting with a single Gaussian distribution te tiistogramsdreer). The shaded histogram
represents the difference of the RVZP-corrected RVs fral RS and MRS data.

Table 2 Mass Estimations of the Sample Stars

Name M grid Miso Dis. E(B V) M bol M spec

M ) M ) (kpc) (mag) )

@ &) ®) @) ) (6) @)
J034004.12+235200.0  1.825: 1.18 0.04 279% 0.19 3.83 0.04 0.94 0.14
J034007.72+241820.5 — 0.99.1 903%, 0.21 4.04 0.01 0.7 0.03
J034008.18+241703.1  1H% 1.33 015  131¢%% 0.21 0.11 0.05 2.87 0.13
J034012.25+234313.8 — 11834 2391 0.23 0.41 0.03 0.83 0.03
J034012.43+233803.1 1254 1.21 0.03 471, 0.19 2.57 0.08 2.5 0.67
J034020.87+234005.1 089S 1.08 0.02 2334, 0.22 3.89 0.07 1.29 0.24
J034020.90+242455.5 — 0.86.05 618%% 0.19 4.89 0.01 0.76 0.02
J034024.32+242932.1 — 0.90.07 4735 0.21 2.08 0.02 1.09 0.03
J034025.52+241017.1 — 2.19.28 2292, 0.29 5.99 0.43 0.0 0.0
J034025.64+244209.5 12458 1.25 0.08 10306%, 0.19 2.57 0.07 1.82 0.42
J034025.96+232013.5 — 0.96.03  1731%%, 0.19 1.63 0.28 7.75 5.95
J034026.48+235823.3 — 10821 41975, 0.28 -0.47 0.04 1.87 0.06
J034029.22+234840.1  0.83%8 0.94 0.01 237%, 0.22 3.51 0.07 5.13 0.72
J034029.59+233303.9 — 0.59.06 161% 0.21 7.01 0.24 0.52 0.07
J034030.72+242914.2 — 0.9.01 138% 0.03 5.68 0.08 1.29 0.15
J034031.01+242141.0 — 0.38.02 69 0.2 7.68 0.15 0.61 0.04
J034031.67+234521.9  0.83%8 0.98 0.05 7107, 0.22 4.49 0.03 0.84 0.06
J034031.88+243419.1 1%:38 1.35 0.38  2101%% 0.21 1.46 0.04 1.57 0.08
J034034.36+234057.3 0855 1.05 0.01 134Y 0.12 4.94 0.08 1.15 0.2
J034034.76+232540.2 18512 1.74 0.16 15347 0.18 1.89 0.11 1.57 1.44

The columns are: (1) Name; (2] grig - mass estimation from the MIST grids; (B)iso : mass estimation using the “isochrones”
code; (4) Dis.: distance from Gaia DR2; BB  V): reddening from PS1 dust map, calculated as 0Bdyesian19; (6M pq :
weighted average value of bolometric magnitude;M7pec : spectroscopic mass estimation.

This table is available in its entirety in machine-readadié Virtual Observatory (VO) forms in the online version loé fjournal. A
portion is shown here for guidance regarding its form anderun

Since the LASP method was utilized to derive stellar2018 (version 12115) to construct a grid of stellar
parameters for both the LRS and MRS data, we preferrethodels. We calculated the initial chemical composition
to apply their parameter values, followed by the DD-Paynéy considering the solar chemical mixture&ZEX) =
(for LRS data) and SLAM (for MRS data) results. 0.0181] Asplund et al. 200p The MESA T tables
based on the 2005 update of the OPAL equation of
state tablesRogers & Nayfonov 2002were adopted and
we used the OPAL opacities supplemented by the low-

We utilized the Modules for EXperimentS in Stellar temperature Opacities frorﬁerguson et aL(ZOOS The
Astrophysics (MESA;Paxton etal. 20112013 2015

4.1 Evolutionary Mass Estimation
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Fig. 13 Comparison of thd, , logg, [Fe/H] and RV values from this study and APOGEE data. Thehottand data
from top to bottom are: LASP using LRS data, DD-Payne usin® Idata (the RV determination from only the blue-arm
spectra is adopted), LASP using MRS data and SLAM using MR&. dheshaded histogramepresents the difference
of the RVZP-corrected RVs and APOGEE.

MESA Eddington photosphere was used for the set ofdopted a xedf, of 0.018 for models abovél =
boundary conditions for modeling the atmosphere. Th&:0M . The mass-loss rate on the red-giant branch with
mixing-length theory of convection was implemented andReimers prescription was set as= 0:2 as constrained

vt refers to the mixing-length parameter. We alsoby the seismic targets in old open clusters NGC 6791 and
applied the MESA predictive mixing scheme in our NGC 6819 Miglio et al. 2013. Our models contain four
model for a smooth convective boundary. We considerethdependent inputs which are mas4 & 0.76 — 2.2/0.02
convective overshooting at the core, the H-burning shelM ), initial helium fraction {i,;y = 0.24 — 0.32/0.02),
and the envelope. The exponential schemeHsrwig initial metallicity ([Fe/H},i: = 0.5-0.5/0.1) and mixing-
(2000 was applied. The overshooting parameter is masdength parameter (uwr = 1.7 2.3/0.2). We applied
dependent following a relation ak, = (0.13V maximume-likelihood estimation to t to spectroscopic
0.098)9.0 found byMagic et al.(2010. In addition, we constraints to determine the stellar masses.
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Fig. 14 Top panel Comparison off, between LRS/LASP, LRS/DD-Payne, MRS/LASP, MRS/SLAM andA&EE.
The colorbar representsog g. Bottom panelComparison of [Fe/H] between LRS/LASP, LRS/DD-Payne, MRSP,
MRS/SLAM and APOGEE. Theolorbar representdog g. The size of symbols represerifis . The black plusesare
binary candidates (Sed).

We also applied the iSochrone$ Python module magnitude with Equations (2) and (3), by using the multi-
(Morton 2015 to estimate stellar mass, which is an band magnitudes3, Ggp, Grp, J, H andKys), the Gaia
interpolation tool for the tting of stellar models to pheto DR2 distance Bailer-Jones et al. 20)8the extinction
metric or spectroscopic parameters. By employing trilineafrom PS1 dust map and the bolometric corrections
interpolation in mass-age-[Fe/H] space for any given set ofChen etal. 2019 For Two Micron All Sky Survey
model grids, it is able to predict physical or photometric(2MASS) magnitudes, we derived the attenuation by
properties provided by the modelMdntet et al. 201p  directly multiplying the extinction coef cients on PS1's
The input of the code includes the measured temperaturaebsite® by the Bayestar19 value; for Gaia magnitudes,
surface gravity, multi-band magnitudes,(Ggp, Grp,J,  Wwe calculated th&e(B V) and derived the extinction
H andKs), Gaia DR2 parallax@aia Collaboration et al. by multiplying E(B V) by the extinction coef cients
2018 and reddeninge (B V). TheE(B V) valueis from Casagrande & VandenBe(@018. The bolometric
calculated witlE(B V) =0:884 (Bayestar19), with  correction is derived from the PARSEC datalfaseith
the lattef from the Pan-STARRS Data Release 1 (DR1)the input of T , log g and [Fe/H] values. Second, the
(hereafter PS1) dust ma@(een et al. 2005 An example  bolometric luminosity was calculated with the averaged
of the tting results is displayed in Figurgs. bolometric magnitude and the absolute luminosity and

We remind the reader that the evolutionary massesagnitude of the SurL( = 3.83 10%ergs ;M =
were calculated assuming no metal enrichment. There ake74 mag). Finally, we derived the stellar mass with the
about 1200/200 objects with [Fe/H] lower thar®.5/ 1.  bolometric luminosity, effective temperature and surface
Their masses may be underestimated if there is signi cangravity following

-element enrichment. Lo
M=acT 9 )
4.2 Spectroscopic Mass Estimation €
The comparison of mass estimation with MIST grid
The stellar mass can be estimated with the observeghdisochroneshows good agreement (Fitg). However,

spectroscopic and photometric parameters. First, Wgome targets feature higher spectroscopic mass than the
calculated an uncertainty-weighted average bolometrie

3 http://argonaut.skymaps.info/usage
2 http://argonaut.skymaps.info/usage 4 http://stev.oapd.inaf.it/'YBC/
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Fig. 15 Corner plot depicting the distribution of physical paraemsbf J034004.12+235200.0 as an example, derived from
theisochronesode. The parameters are labeled as milssit M ), radius R, inR ), age (og , in yr), bolometric
magnitude ¥ o, in mag) and bolometric luminosityag L, inL ).

evolutionary mass. There are about 750 sources witthree more spectra (with SNR above 10) are larger than 0.9
i Mj=Mis, 1, and about 270 ones are in our binary(Fig. 6).

catalog (Sect). In fact, most of these sources throughout

the main sequencg are probably unr.esolved binaries, smg)e_l Light Curve Analysis

they are clearly brighter than the main-sequence stars with

the same color (FigL7). We rst cross-matched our catalog with the K2 data,

5 BINARY SAMPLE and found more than 3000 stars have light curves which

can be used to detect periodic signals. The moving
We present a binary sample based on light curve analysiayerage method was utilized to smooth the light curve and
RV tting, the binarity parameter calculated with MRS remove the long-term trend. We applied the Lomb-Scargle
data (Sect3.3) and the spatially resolved binary catalog method Lomb 1976 to determine the period and classi ed
from Gaia Early Data Release 3 (EDR¥®I{Badry etal. binaries by analyzing the folded light curves (see more
2021). In this study, one star is thought to be a double-lineddetails inYang et al. 202) A brief description is presented
spectroscopic binary candidate if the binarity parameters as follows.
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Fig. 16 Left panel Comparison of the mass values from MISTgrid asathronesRight panel Comparison of the mass
values fromisochronesand spectroscopic estimation.

Fig.17 Left panel Color-magnitude diagram of the sample stars. The langerandblue) dotsrepresent the stars with
large mass discrepancy. Treal dotsare binary candidates from SebtFour isochrones are shown for comparison, which
are at age of 5 billion yr with different metallicities ([Fé/= 2, 1, 0, 0.5).Right panel Four isochrones are drawn,
which are at age of 10 billion yr with different metallicii¢[Fe/H]= 2, 1,0,0.5).

We implemented a two-step grid searching methodatio between the Fourier components and a, and
(VanderPlas & Ivezic 200)5to determine the optimized 10% and 9@%6 percentile of slopes of a phase-folded
period. It rstly searches in a broad grid for a series oflight curve. They were assessed as identi cation param-
period candidates and then zooms in on a narrow grigters that trigger the classi cation through the machine
to nd the real peak. The obtained period is regarded asearning method and visual inspectioRaczyhski et al.
signi cant only when it is higher than the false alarm 2006 Kim & Bailer-Jones 2016 Jayasinghe et al. 2020
probability. The light curve folded with the signi cant Yang etal. 202)L
period was analyzed by investigating the characteristics. \We also cross-matched our objects with the variable
The light curve templates of variable stars were takertatalogs of ASAS-SN Catalina, ZTF Chen et al. 2020
from previous catalogs (e.ggamus' et al. 20LKim etal.  and WISE Chen etal. 2018 Table 3 lists the different
2014. The characters of the templates include light curvaypes of binaries (i.e., EA, EB and EW). Figut® depicts
period, skewness of the magnitude distribution, median example of an EW type binary.
magnitude, standard deviation of the magnitude, the ratio
of magnitudes brighter or fainter than the average, the s pyps:/jasas-sn.osu.eduivariables
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Fig. 18 Left panel Part of MRS observations of J065001.65+222127.7 as an@eaithe binary feature can be clearly
seen from the H line pro les and motionRight panel The folded light curve utilizing K2 data and RV curve ttedtiv
The Joker

Table 3 Binary Candidates of the Four K2 Plates

The Joker Light curve binarity 0.9 Astrometry
Name P e ! M o K 0 f(M) M 2min Type/Survey P Class Sep.
(d) (kms 1) (kms 1) M M (d) (AU)

J034012.43+233803.1 — — EA/AAVSO 17.3679 - —_ -

#fH: 0004 50 :083 +0 115 it0 :24 #2 15 +2 16 0 :0011 +0 :02
J034025.64+244209.5 1.474%:0005 0.3527 g3 1.887i72 -1.347;15; 39.77%15 116,57, 0.007¢' 0-0008 9-26 502 — — — — —

J034031.01+242141.0 — — — — — — — — — — 1.00 — —
i&n: 0508 0 :028 +0 :05 +0 :07 #+0 17 +0 14 0 :0011 +0 :01
J034051.81+232834.4 20.0499:0411 0.514 0025 -0.10 006 0.99 008 19.8 0.7 4.8 04 0.0107" 0:0010 0.29 001 — — — — —
J034100.15+241735.0 — — — — — — — — — — — MSMS 694
st - 0700 +0 :230 +0 68 +1 119 i+l 16 +0 17 +0 :0001 +0 :00
J034108.07+231255.5 0.3343 gy, 0.3707,:505 4.10 5.9, 2.857,.7¢ 5975 18477 0.0001%, 559 0.01y. 49 — — — — —
J034115.98+225250.0 — — — — — — — — — — 0.96 — —
+0,:2923 +0 1129 5+0 :59 +1 114 +3 17 #2 11 0 :0109 +0 :09
J034122.94+233730.6 2.254?@5%?‘% 0.3014.00-:%22 1.69*‘105%g 0.83+20.:§% 44.3+29.:é -6.2+f:.16 0.015600588% 0.32+0 504 — — — — —
J034125.62+240919.9 7.61 28%59‘ 0'21210023% 3.83 062(1)8 0.94 é2%43 18.711':95 -31.9 03':3 0.0047*00':888% 0.20+00':8% — — — — —
: : +0 +5 #1 +0 +0 :
J034134.72+230542.7 1.22%‘%:0005 0.4817, 50 3-85 7117 -2.157155 9.2 -40.1751, 0.0001%, 559 0.047, o7 — — — — —
J034137.08+230049.9 — — — — — — — — — — — MS?? 643
10109 +0 :200 +0 :28 +0 140 it3 10 +1 :5 0 :0019 +0 103
J034141.71+241910.1 5.2T 558&‘2 0.2664.00-:8% 5.814.(?:-%96 0.99+00:.1% 21.4+12-:8 14.6+11:.% 0.0047" 0:0016 919 003 — — — — —
J034144.50+232159.4 4666%888? 0.23];00':833 »2.5410':(5‘01 -3.79+10':74§ 20.7 11':2 -28.320':09 — — — 1.00 — —
sty : #1 : +1 :
J034145.06+231235.2 0.494%:0001 0.0227,: 17 0.67 71157 0347157 60.1715 9679 — — EB/ASASSN 0.4942 1.00 — —
J034148.27+224912.0 — — — — — — — — — — 1.00 — —
J034154.04+224222.6 — — — — —_ — — — — MSMS 10322
+0n: 1695 +0 :040 +0 116 +0 112 #+0 14 #+0 14 0 :0004 ;+0 101
J034205.65+233515.8 27.7':':?%538%_[3 0'36(10058%3 2.82+00;%g -O'ZOHJOE%S 10.9+10;% -55.?;00;g 0.003¢" 0:0003 0.18 001 — — — — —
J034209.14+233004.9 124@?60%%766 0.0284.00::%%% 1.45+30::g§ -0.0&3-20.‘:8408 52.1*1‘71.‘:01 -12.5",4 (_)‘:16 5.0001 ; 00 — — 1.00 — —
J034210.91+240508.6 0.25@,3':0142 0.3167,.55; 1.067):g, 017715 8975 7.77,.5 0.0001% 559, 0.0%) 49 — — — — —

J034220.18+242806.1

— — — — — — — — — 1.00 MSMS 14373

This table is available in its entirety in machine-readaiie Virtual Observatory (VO) forms in the online version loé journal. A portion is shown
here for guidance regarding its form and content.

5.2 Radial Velocity Fitting preferred, followed by the tting with the joint data and
the LRS RV data. The derived orbital parameters include
With RV data from the LAMOST TD survey, we pheriodP, eccentricitye, semi-amplitude , argument of
performed a Keplerian t using the custom Markov chain e periastrort , mean anomaly at the rst exposure and
Monte Carlo samplefhe JokePrice-Whelan et al. 2017 systematic RV 0. An example of the tting results is
for the objects with more than seven exposuliés Joker  gisplayed in Figurel9. The results are listed in TabB
works well with non-uniform data and allows identifying oy gouble-lined spectroscopic binaries, we only used the

circular or eccentric orbits. We used the RVs of single-ggt of RVs with larger semi-amplitudi ( to do the tting.
exposure spectra to do the tting. Four sets of data were

considered: the LRS RV from LASP, the MRS RV from

LASP, the MRS RV from SLAM and a joint LRS and In addition, for single-line binaries, which are not
MRS RV from LASP. Bad ttings were removed with classied as binaries by the binarity parameter, we
visual examination. The tting with MRS RV data was calculated the binary mass functidr{M ) utilizing the
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Fig.19 Corner plot of the RV tting results of J065001.65+2221238% an example, showing distribution of orbital
parameters derived froffhe Joker The parameters are labeled as orbital per@dif days), eccentricity of the system
(e), argument of pericentet ( in radians), mean anomaly at reference tifveQ( in radians), extra “jitter” added in

quadrature to each visit-velocity errar; (n kms 1), RV semi-amplitude of the staK(, in kms 1) and the center of mass
velocity ( 0,in kms 1).

posterior samples from our RV modeling as follows, 5.3 Spatially Resolved Binary
PK3(1 €)% M, sin®i _ By relying on the Gaia EDR3 databadel-Badry et al.
F(M)= 2G T @+o?’ (3) (2021 searched for pairs of stars and estimated the

probability that a pair is a chance alignment. They

constructed a catalog of 1.2 million high-con dence,
where K 1 is the semi-amplitude of the primary (i.e., spatially resolved wide binaries. We cross-matched our
the visible star)M is the mass of the secondary,= sample and their catalog, and found 379 common sources.
M1=M, is the mass ratio andis the system inclination. Among these objects, 306 ones were classi ed as main
Combined with the mass estimate of the primary (S8¢t. sequence — main sequence (MSMS) binaries and three
we estimated a minimum mass of the secondsr2j with  were distinguished as white dwarf — main sequence
an inclination angle of = 90 . (WDMS) binaries.
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To sum up, Table3 lists 2366 binary candidates, discover remarkable binaries, such as compact binaries
including 148 from light curve analysis, 878 from RV including a neutron star or black holgig et al. 20193
tting, 1534 from binarity parameter and 379 from the Those binaries are a great help in understanding the late

spatially resolved catalog of Gaia EDR3. evolution of massive stars, such as the formation of type
la supernovae. An analysis of the binaries in the four
6 DISCUSSION AND SUMMARY plates, including stellar parameter estimation for ingiil

) . . components, will be presented in a future work (Kovalev et
With one year of LAMOST observations, our project al. 2021, in prep).

acquired more than 767000 low- and 478000 medium- (2) Stellar activity. Many studies have focused on

resolution specira, correspont_:ling o a total exposure timﬁle evolution of stellar photospheric activity with spots
of 46.7 and 49.1h, respectively. More than 70%/50% or ares, by examining photometric TD survey data.

of low-resolution/medium-resolution spectra have SNR, contrast, due to the lack of long-term spectroscopic

above 10. . observation, the evolution of chromospheric activity
We determined stellar _parameters (€.B., . log 9 was studied for only a few stars. The LAMOST TD
[Fe/H]) and RV by following d|ffere_nt methods _(|.e., survey provides a great opportunity to investigate stellar
LASP, DD-Payne and SLAM), and derived SNR'We'ghtedchromospheric activity over a large sample of stars with
average values of these paramete_rs for our Fargetaiﬁerent spectral types, the variation of chromospheric
Generally, these parameters determln_ed from differe ctivity due to rotational modulation of a single star or
methods show good agreement, especially for late F-, Ggpia| modulation of a binary system, and the long-
and_ early K-typf_e stars. The LRS and MRS results ?'Spla¥erm evolution of chromospheric activity. All of these are
a discrepancy in the RV measurements5( kms 7). quite helpful for understanding stellar magnetic activity

The comparison of stellar parameters with APOGEE DR16dnd the dynamo mechanism. An analysis of the stellar
provides good agreement, but the RV values from LR

data show a large di;crepancyq.S kms 1) with those lines is underway (Han et al. 2021, in prep).

of APOGEE, W,e relied on the Gaia DR2 RV data to (3) Stellar pulsation. Asteroseismology is a unique
calculate a median RVZP for each spectrograph eXpOS”'i%chnique to study the internal physics of pulsating
bY exposure, and the RVZP-corrected RVS agree very Wegtars. Precise atmospheric parameters from LAMOST
with '.[Ihqse ofﬁAPOGEEhDR16.. we denveq §tel|z;1}r masse?‘nultiple spectral observations can help to constrain the
by utilizing different methods (i.e., MIST gridisochrones Earameter space in seismic searches for an optimal model.

code and spectroscoplf: estlmatlon?, with the help o eriodic variation of atmospheric parameters and RV due
stellar parameters, multi-band magnitudes, distances aqg pulsation provides a good opportunity to probe the
extinction valugs. ) , .. dynamical processes of pulsation.

Based on light curve analysis, RV tting, the binarity The LAMOST TD data can also be used in many
parameter and the spatially resolved binary catalog from, . elds, such as studying the chemical abundance of
Gaia EDRS, we presented a binary catalog including abOLgpecial stars (e.g., metal-poor stars, lithium-rich 3tars

270_0 candidates. We should remind the reaQer that Wﬁvestigating the spatial structure of the Galaxy together
derived stellar parameters and masses assuming the targel ihe Gaia astrometric data. etc

is a single star, which means for the binary candidates,

Schromospheric activities utilizing Ca Il H&K and Balmer

h | b liabl All the spectra considered in this study are now
these parameter values may be unreliable. available in LAMOST Data Release 8 (DR8). The

. Our spectroscopig Survey has perfgr_med mUItiIOIeobservations of the four K2 plates will be continued but
visits (up to 86 LRS visits and 54 MRS visits) for about with reduced visiting frequency. At the same time, a

10000 stars, which can effectively leverage sciences Qimilar TD survey of another four K2 plates is being
various research elds, such as:

(1) Binary systems. The monitoring of RV variation

can reveal a large sample of binaries, especially doubleAcknowledgementsWe thank the anonymous referee for
lined spectroscopic binaries. The time-series variationbelpful comments and suggestions that have improved
of RV, together with the light curves from photometric the paper. The Guo Shoujing Telescope (the Large
surveys, can help to determine the orbital propertiesSky Area Multi-Object Fiber Spectroscopic Telescope,
including the period, eccentricity, inclination anglec.et LAMOST) is a National Major Scienti ¢ Project built
The statistical properties of the binaries (e.g., periodby the Chinese Academy of Sciences. Funding for the
eccentricity and metallicity) can provide critical clues project has been provided by the National Development
on the formation and evolution of the binary systems.and Reform Commission. LAMOST is operated and
In addition, LAMOST has demonstrated the ability to managed by the National Astronomical Observatories,

carried out.
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Table A.1 Stellar Parameters and RV from LASP Estimation with LRS Data
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Name Field R.A. Dec. Te logg [Fe/H] RV corrected RV
(deg) (deg) (K) (kms?t) (kms 1)
J034004.12+235200.0 TD035052N235741K01 55.0172 23866692 24 4:25 0.02 0:3 0.02 23:29 4.88 12:49 3.38
J034007.72+241820.5 TD035052N235741K01 55.03221 2%.3@B27 77 4:.02 0.13 0:35 0.18 2:5 2.24 4:86 2.26
J034008.18+241703.1 TD035052N235741K01 55.03411 22.28%77 14 2:64 0.04 0:14 0.03 44:89 1.63 37:84 1.48
J034012.25+234313.8 TD035052N235741K01 55.05106 281720867 33 2:33 0.09 0:49 0.03 34:68 2.25 24:65 1.54
J034012.43+233803.1 TD035052N235741K01 55.05184 221638295 21 4:12 0.03 0:22 0.02 1:19 7.95 11:31 6.36
J034020.87+234005.1 TD035052N235741K01 55.087 23.668909 23 4:25 0.02 0:05 0.02 40:02 8.11 50:39 9.7
J034020.90+242455.5 TD035052N235741K01 55.08714 24AEB40 133 4:4 0.18 0:65 0.07 15:58 3.19 8:88 3.15
J034024.32+242932.1 TD035052N235741K01 55.10136 227492875 27 3:12 0.07 055 0.05 10241 2.3 95:37 1.9
J034025.64+244209.5 TD035052N235741K01 55.10687 26808367 86 4:0 0.1 0:19 0.08 21:.02 22.58 14:18 22.82
J034025.96+232013.5 TD035052N235741K01 55.10817 23136001 43 4:15 0.06 0:34 0.04 50:43 2.08 60:99 2.35
J034026.48+235823.3 TD035052N235741K01 55.11036 23/738538 42 2:21 0.12 0:45 0.05 4898 2.91 39:46 2.85
J034029.22+234840.1 TD035052N235741K01 55.1218 238144856 26 4:59 0.02 0:03 0.02 51:51 2.56 62:3 0.88
J034029.59+233303.9 TD035052N235741K01 55.12332 23553999 26 4:43 0.07 0:24 0.06 2:23 498 7:48 3.01
J034030.72+242914.2 TD035052N235741K01 55.128 24.4833249 20 4:76 0.03 0:11 0.01 1:45 1.6 5:76 1.84
J034031.01+242141.0 TD035052N235741K01 55.12922 24.363789 8 4:67 0.03 0:65 0.09 85 159 15:61 1.18
J034031.67+234521.9 TD035052N235741K01 55.13198 231756868 65 4:29 0.12 0:12 0.05 2259 3.77 1175 1.89
J034031.88+243419.1 TD035052N235741K01 55.13285 29&74876 96 3:03 0.16 0:0 0.06 46:06 2.5 53:18 2.59
J034034.36+234057.3 TD035052N235741K01 55.1432 231683808 27 4:56 0.02 0:21 0.02 6:38 1.94 3:53 1.66
J034034.76+232540.2 TD035052N235741K01 55.14486 28&27B97 225 4:.04 0.16 0:0 0.13 4234 8.23 33:.05 7.58
J034034.92+243247.2 TD035052N235741K01 55.14552 24&48151 250 4:41 0.21 0:32 0.03 31:89 8.02 2527 7.67

This table is available in its entirety in machine-readadote Virtual Observatory (VO) forms in the online version loé journal. A portion is
shown here for guidance regarding its form and content.

Table A.2 Stellar Parameters and RV from LASP Estimation with MRS Data

Name Field R.A. Dec. Te logg [Fe/H] RV corrected RV
(deg) (deg) (K) (kms?) (kms 1)

J034004.12+235200.0 TD035052N235741K01 55.0172 23866805 50 4:18 0.03 0:37 0.04 10:95 0.35 9:92 14
J034007.72+241820.5 TD035052N235741K01 55.03221 2%.36908 162 4:08 0.23 0:31 0.08 5:79 0.46 6:24 0.52
J034008.18+241703.1 TDO035052N235741K01 55.03411 22.28%649 20 2:54 0.05 0:09 0.02 39:6 0.25 39:2 0.22
J034012.25+234313.8 TD035052N235741K01 55.05106 28172@894 28 2:31 0.1 0:5 0.04 2581 0.57 2478 0.75
J034012.43+233803.1 TDO035052N235741K01 55.05184 221636353 61 4:14 0.05 0:27 0.03 7:2 2.31 8:72 2.14
J034020.87+234005.1 TDO035052N235741K01 55.087 23.668899 16 4:2 0.02 0:02 0.01 40:25 12.9 41:3 12.15
J034024.32+242932.1 TDO035052N235741K01 55.10136 22492887 79 3:17 0.08 0:52 0.04 9557 2.04 94:88 2.04
J034025.96+232013.5 TD035052N235741K01 55.10817 23138014 87 4:13 0.11 0:42 0.06 60.65 0.79 61:46 1.29
J034029.22+234840.1 TDO035052N235741K01 55.1218 23815587 14 4:65 0.02 0:01 0.01 60:77 0.3 61:74 0.71
J034030.72+242914.2 TD035052N235741K01 55.128 24.48%202 52 4:72 0.06 0:06 0.03 3:66 0.41 4:04 0.38
J034031.01+242141.0 TD035052N235741K01 55.12922 24.363769 9 4:64 0.04 0:82 0.06 14:45 0.22 14:91 0.25
J034031.67+234521.9 TD035052N235741K01 55.13198 23796394 126 4:34 0.14 0:18 0.09 14:2 1.09 1364 1.13
J034031.88+243419.1 TDO035052N235741K01 55.13285 29&74768 25 3:06 0.08 0:11 0.02 53:81 0.35 5419 0.43
J034034.36+234057.3 TD035052N235741K01 55.1432 23683673 10 4:54 0.02 0:16 0.01 4:73 0.29 5:62 1.09
J034035.40+232248.3 TD035052N235741K01 55.14757 28886580 55 3:79 0.11 0:24 0.06 27:69 1.2 28:98 0.5
J034038.79+242507.8 TD035052N235741K01 55.16163 28418345 52 4:07 0.06 0:09 0.04 53 0.36 5:77 0.45
J034039.96+235046.7 TDO035052N235741K01 55.16651 234848801 36 2:65 0.08 0:25 0.05 32:83 1.16 34:08 0.26
J034041.11+235922.0 TD035052N235741K01 55.1713 230849572 46 1:88 0.12 0:69 0.06 29:06 1.94 30:65 1.13
J034044.91+243926.0 TD035052N235741K01 55.18717 22856845 32 4:17 0.09 0:28 0.06 21:52 0.46 21:.08 0.49
J034046.76+241255.7 TD035052N235741K01 55.19484 2B.2¥®61 28 4:3 0.03 0:05 0.02 27:23 0.36 27:65 0.34

This table is available in its entirety in machine-readadoe Virtual Observatory (VO) forms in the online version lo¢ journal. A portion is
shown here for guidance regarding its form and content.
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Table A.3 Stellar Parameters and RV from DD-Payne Estimation with DR

Name Field R.A. Dec. Te logg [Fe/H] RVp corrected RV
(deg) (deg) (K) (kms?) (kms 1)

J034004.12+235200.0 TD035052N235741K01 55.0172 23866851 16 4:14 0.06 0:44 0.03 29:17 7.35 17.0 6.24
J034007.72+241820.5 TD035052N235741K01 55.03221 24.30&/72 52 3:75 0.19 0:41 0.19 0:59 5.17 4:04 5.02
J034008.18+241703.1 TD035052N235741K01 55.03411 22.28%635 16 2:26 0.08 0:07 0.02 44:2 2.6 40:1 2.04
J034012.25+234313.8 TD035052N235741K01 55.05106 28172@911 27 2:47 0.06 0:46 0.02 3517 3.31 23:52 2.38
J034012.43+233803.1 TD035052N235741K01 55.05184 23636177 12 3:95 0.05 0:38 0.03 1:7 7.96 13:24 6.32
J034020.87+234005.1 TD035052N235741K01 55.087 23.66&8B0 6 4:23 0.02 0:02 0.01 400 85 51:95 10.17
J034020.90+242455.5 TD035052N235741K01 55.08714 24415912 40 4:48 0.19 0:66 0.06 8:68 5.79 5:34 5.83
J034024.32+242932.1 TD035052N235741K01 55.10136 22492896 24 2:91 0.05 0:52 0.03 9856 4.27 94:.46 3.58
J034025.64+244209.5 TD035052N235741K01 55.10687 28808278 58 3:74 0.13 0:39 0.05 14:98 23.51 11:41 24.06
J034025.96+232013.5 TD035052N235741K01 55.10817 23B3%907 31 4.0 0.05 0:52 0.03 5155 6.72 63:68 6.86
J034026.48+235823.3 TD035052N235741K01 55.11036 23073583 49 2:27 0.09 0:54 055 51:4 2451 40:39 24.31
J034029.22+234840.1 TD035052N235741K01 55.1218 23815291 10 4:46 0.03 0:08 0.02 49:64 2.82 61:99 1.31
J034029.59+233303.9 TDO035052N235741K01 55.12332 235H54396 41 4:5 0.08 0:43 0.07 6:31 9.38 4:89 9.01
J034030.72+242914.2 TD035052N235741K01 55.128 24.487/137 7 4:53 0.04 0:07 0.02 0:1 2.26 5:08 2.97
J034031.01+242141.0 TD035052N235741K01 55.12922 24.361260 26 4:33 0.1 0:92 0.05 0:58 8.8 4:7 8.27
J034031.67+234521.9 TD035052N235741K01 55.13198 231756836 32 4:23 0.12 0:23 0.06 25:68 9.39 13:17 8.51
J034031.88+243419.1 TD035052N235741K01 55.13285 29&%74791 48 2:76 0.07 0:06 0.04 4955 6.33 53:71 6.57
J034034.36+234057.3 TD035052N235741K01 55.1432 2368ZH86 8 4:46 0.02 0:04 0.02 8:51 2.12 2:99 1.84
J034034.76+232540.2 TD035052N235741K01 55.14486 286127667 85 4:06 0.24 0:3 0.13 45:06 9.66 34:17 9.36
J034034.92+243247.2 TD035052N235741K01 55.14552 24&H4446 190 4:34 0.29 0:08 0.12 13:76 40.23 17:07 39.8

This table is available in its entirety in machine-readadoe Virtual Observatory (VO) forms in the online version o journal. A portion is
shown here for guidance regarding its form and content.

Table A.4 Stellar Parameters and RV from SLAM Estimation with MRS Data

Name Field R.A. Dec. Te logg [Fe/H] RV corrected RV
(deg) (deg) (K) (kms?t) (kms 1)

J034004.12+235200.0 TD035052N235741K01 55.0172 23B6&&3 103 4:16 0.14 0:48 0.05 10:39 0.28 10:07 0.99
J034007.72+241820.5 TD035052N235741K01 55.03221 2%.36811 156 4:11 0.18 0:23 0.09 6:41 0.42 6:22 0.41
J034008.18+241703.1 TDO035052N235741K01 55.03411 22.28%651 70 1:99 0.11 0:11 0.05 3857 0.23 3878 0.18
J034012.25+234313.8 TD035052N235741K01 55.05106 23172@924 74 2:16 0.15 051 0.06 2557 0.3 2531 0.71
J034012.43+233803.1 TD035052N235741K01 55.05184 221636092 89 3:93 0.09 0:38 0.06 7:82 2.31 8:57 2.16
J034020.87+234005.1 TDO035052N235741K01 55.087 23.668894 37 4:15 0.04 0:05 0.03 40:95 12.68 41:27 12.07
J034024.32+242932.1 TD035052N235741K01 55.10136 2249812 162 2:73 0.49 0:65 0.15 94.08 0.5 94:15 0.42
J034025.96+232013.5 TD035052N235741K01 55.10817 23B33%865 90 4:15 0.12 0:47 0.08 61:19 0.69 61:29 1.12
J034029.22+234840.1 TD035052N235741K01 55.1218 23815444 46 455 0.05 0:18 0.03 61:44 0.29 617 0.61
J034030.72+242914.2 TDO035052N235741K01 55.128 24.48%8X6 75 4:38 0.12 0:14 0.03 4:39 0.42 4:16 0.4
J034031.01+242141.0 TD035052N235741K01 55.12922 24.363337 98 2:72 0.23 0:89 0.12 1599 0.3 15:8 0.31
J034031.67+234521.9 TDO035052N235741K01 55.13198 231756882 39 4:28 0.15 0:37 0.11 13:31 0.68 13:55 0.68
J034031.88+243419.1 TD035052N235741K01 55.13285 29&%74691 136 2:65 0.23 0:14 0.05 54:29 0.41 54:.09 0.44
J034034.36+234057.3 TD035052N235741K01 55.1432 231682871 40 4:4 0.05 0:06 0.03 5:43 0.34 5:62 0.93
J034035.40+232248.3 TD035052N235741K01 55.14757 28886510 96 3:7 0.21 0:2 0.1 28:7 1.21 2918 0.49
J034038.79+242507.8 TD035052N235741K01 55.16163 28418200 75 3:83 0.08 0:16 0.07 5:98 0.3 5:82 0.34
J034039.96+235046.7 TDO035052N235741K01 55.16651 23848835 76 2:4 0.12 0:26 0.06 33:93 0.95 34141 0.23
J034041.11+235922.0 TD035052N235741K01 55.1713 230889419 81 1:31 0.14 0:79 0.08 29:64 0.79 30:46 0.16
J034044.91+243926.0 TD035052N235741K01 55.18717 2285309 254 3:9 0.35 0:48 0.1 21:46 0.72 21:63 0.69
J034046.76+241255.7 TDO035052N235741K01 55.19484 28.21%128 46 4:19 0.05 0:09 0.03 27:72 0.3 27:51 0.26

This table is available in its entirety in machine-readadote Virtual Observatory (VO) forms in the online version loé journal. A portion is
shown here for guidance regarding its form and content.
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