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LAMOST-MRS-B is one of the sub-surveys of LAMOST medium-resolution (R ∼ 7500) spectroscopic survey. It
aims at studying the statistical properties (e.g., binary fraction, orbital period distribution, mass ratio distribution) of binary
stars and exotic stars. We intend to observe about 30000 stars (10 mag ≤ G < 14.5 mag) with at least 10 visits in five
years. We first planned to observe 25 plates around the galactic plane in 2018. Then the plates were reduced to 12 in
2019 because of the limitation of observation. At the same time, two new plates located at the high galactic latitude were
added to explore binary properties influenced by the different environments. In this survey project, we set the identified
exotic and low-metallicity stars with the highest observation priorities. For the rest of the selected stars, we gave the
higher priority to the relatively brighter stars in order to obtain high quality spectra as many as possible. Spectra of
49129 stars have been obtained in LAMOST-MRS-B field and released in DR8, of which 28828 and 3375 stars have
been visited more than twice and ten times with SNR ≥ 10, respectively. Most of the sources are B-, A-, and F-type
stars with −0.6 < [Fe/H] < 0.4 dex. We also obtain 347 identified variable and exotic stars and about 250 stars with
[Fe/H] < −1 dex. We measure radial velocities (RVs) by using 892233 spectra of the stars. The uncertainties of RV
achieve about 1 km · s−1and 10 km · s−1 for 95% of late- and early-type stars, respectively. The datasets presented in this
paper are available at http://www.doi.org/10.57760/sciencedb.j00113.00035.
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1. Introduction

Binary stars are common in the galaxy. In general, more
than 50% of stars are believed to be in the form of binaries or
multiple systems[1] (hereafter, we abbreviate binary and multi-
ple systems as binary unless otherwise specified). The binary
fraction increases with stellar mass.[1–3] For solar-type stars
with masses around 0.8–2 M�, the binary fraction is not less
than 50%,[4,5] while for more massive stars (> 8 M�), the bi-
nary fraction may exceed 70%.[6] Binaries with orbital periods
less than a few thousand days, would experience mass transfer
during their evolution.[2,7] For example, symbiotic stars are
transferring mass from the giant components to the compact
components; their orbital periods range from hundreds of days
to a few tens of years.[8,9] Meanwhile, over 70% of all massive
stars will exchange mass with a companion.[6] We identify a
close binary as the binary star would experience mass transfer

for clarity.
The presence of a nearby companion will alter the stel-

lar evolution fate. It is widely known that there are exotic
objects, e.g., blue stragglers, barium stars, symbiotic stars,
double degenerates, hot subdwarf stars, cataclysmic variables
(CVs), pulsars, x-ray binaries, gamma-ray bursts, type Ia su-
pernovae (SNe Ia) and double stellar black holes (BHs) which
are led by the interaction of binary stars.[6,7,10] However, sev-
eral crucial processes are still puzzled in the binary evolution
such as mass and angular momentum loss, dynamical mass
transfer and common envelope evolution. Searching for exotic
objects will help us to understand how the exotic objects form
and what the ultimate fate of the object is.

Stellar structure and evolution are one of the cornerstones
to study galaxies. There are some strange phenomena in galax-
ies that are hardly explained by single stellar population syn-
thesis (SPS), for example, the far-ultraviolet (FUV) excess in
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the spectra of elliptical galaxies,[11] while it can be well repro-
duced by including the radiation of hot subdwarf stars (sdOB)
resulting from binary interactions.[12] The accretion of white
dwarfs (WDs) in binary stars could interpret the existence of
soft x-ray band extended emissions in galaxies.[13] It has a big
impact on deriving ages, masses and star formation rates of
galaxies by considering the binary interaction in SPS — bianry
population synthesis (BPS).[7] The cosmic re-ionization pho-
tons based on SPS models are less than the required amount
by a few factors, but BPS models provide a sound physical ba-
sis for cosmic re-ionization.[14,15] In BPS study, binary sam-
ples are generated based on the parameters: the star formation
rate, the initial mass function of the primary, and the statisti-
cal properties of binaries such as the mass ratio distribution,
the orbital period distribution and the orbital eccentricity dis-
tribution. The evolution result of the BPS model would be dif-
ferent when the recipes of the initial parameters are changed.
The final binary properties would also vary with the evolution.
Therefor, the initially parameters can be constrained by com-
paring the observed statistical properties of binary with BPS
models.

The statistical properties of close binary vary with the
stellar mass, and metallicity. Offner et al. (2022) summarized
that the close binary fraction increases from ∼ 20% to ∼ 70%
as the primary stars move from ∼ 0.1M� to ∼ 30M� by com-
piling the results of observational and theoretical studies of
stellar multiplicity.[3] The orbital period (or separation) distri-
butions are different between massive stars and solar-type (and
the smaller mass) stars. The orbital period distribution of mas-
sive stars is likely to follow Opik’s law,[2,16] while the distribu-
tion of smaller mass satisfies the lognormal distribution.[17,18]

And the peaks of the lognormal distribution increase with the
primary mass, the peak reaches to logP/(day) = 5.03 for the
solar-type stars.

Assuming the distribution of mass ratio follows a power
law, the power index (γ) decreases with the mass of the pri-
mary star.[2] In addition, there is an excess of twins (q > 0.95)
for the distribution of solar-type and smaller mass stars,[1,19,20]

and the excess twins fraction might arrive at 30%.[2] Nonethe-
less, the excess twin fraction among massive stars is only 10%
within SMA a < 0.5 au, and the excess cannot be detected
among O-type binaries beyond a > 0.5 au at all.[3,6]

The relation between binary fraction ( fb) and metallic-
ity has been widely studied. A few works claimed that fb is
not correlated[21,22] or positively correlated[23–25] with metal-
licity. However, with the released data of Apache Point Ob-
servatory Galactic Evolution Experiment (APOGEE)[26] sur-
vey and the Large Sky Area Multi-Object fiber Spectroscopic
Telescope (LAMOST) survey,[27,28] fb is found to be anti-
correlated with metallicity.[20,29–33] The relation looks like to
change with the primary mass as well. Raghavan et al. (2010)

found no correlation between stellar companions and metal-
licity for B−V < 0.625, but among the redder subset (the
stellar mass is smaller), metal-poor stars are more likely to
have companions.[17] A similar result was also found by Liu
(2019), that the fb is quite flat with metallicity as γ < 1.2,
while the relation is anti-correlated as γ > 1.2 (the primary
mass is smaller).[34] The eccentricity distribution is a func-
tion of the period. The power-law exponent of the eccentricity
distribution is η = −0.3± 0.2 for p = 3–10 days, while is
η = 0.6±0.3 for p = 10–500 days.[2] These indicate that the
distributions of binary orbital parameters are not independent.

The clear correlation between the distributions is ambigu-
ous, due to the absence of larger enough binary samples and
the different selection bias from the current observation pro-
grams. It is not clear whether these distributions are universal,
since most of works were carried out based on neighborhood
stars within 100 pc.

Interaction of close binary stars would generate some pe-
culiar stars and could influence the result of BPS, so we pay
more attention to the orbital parameter distributions of close
binary. After the first stage 5-year survey of LAMOST low
resolution spectra (LAMOST-LRS), a median resolution spec-
tral survey was initiated (LAMOST-MRS). As a sub-survey
of LAMOST-MRS, MRS-B will provide the largest homoge-
neous sample with multiple observations to study the stellar
multiplicity, discover more various exotic binaries under dif-
ferent evolutionary stages, and measure their orbital parame-
ters.

2. LAMOST-MRS

LAMOST is a 4-meter quasi-meridian reflective Schmidt
telescope with 4000 fibers installed on its 5-degree-FoV focal
plane. It had obtained more than 9 million stellar spectra with
spectral resolution of R ∼ 1800 at the first stage survey from
2011 to 2018. LAMOST has appended 16 spectrographs with
spectra resolution of R ∼ 7500 during 2017.[35] A pilot pro-
gram of LAMOST-MRS was performed from September 2017
to June 2018 accompanied by LAMOST-LRS. LASMOT-
MRS was being executed regularly from October 2018 to June
2023, and will take about 50% nights to observe objects. The
spectrographs will be switched to medium resolution mode
from the 7th until the 22nd of each lunar month.

Different with the wavelength coverage of LAMOST-
LRS, LAMOST-MRS covers two parts of the spectra, see
Fig. 1, the blue [4950, 5350] Å and the red [6300, 6800] Å
arms. For late-type stars (F-, G-, and K-type), the blue
arm spectra deliver the information about 20 elemental abun-
dances, including Li, C, Na, Mg, Si, Ca, Sc, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Ba, Y, Sm, and Nd. With those information,
the radial velocities (RVs) can be constrained with precision
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of about 1 km · s−1. While for the early-type (O-, B-, and A-
type) stars, the absorption lines are weak and sparse in the blue
arm.[35] So it is better to measure RV by using the spectra of
the red arm with the precision of 10 km · s−1. In the mean-
time, the red arm spectra covers Hα , [NII], and [SII] emission
lines, which are crucial to the study the galactic nebulae, such
as the HII regions, the supernova remnants, the planetary neb-
ular, etc. The Hα profile is very useful in researching on the
proto-planetary disk surrounding the very young stars as well.

LAMOST-MRS is separated as time-domain (TD) and
non time-domain (NT) surveys. Its scientific goals mainly
include stellar multiplicity, stellar pulsation, host stars of
exoplanets, star formation, emission nebulae, galactic ar-
chaeology, and open clusters. According to the scientific
goals, LAMOST-MRS is divided into MRS-B (TD), MRS-
K (TD),[38,39] MRS-T (TD), MRS-S (TD or NT), MRS-N

(NT),[40] MRS-G (NT) fields and MRS-O (NT).[35] Each field
has a PI who is responsible for the target selection. For the TD
survey, a plate is observed with 3–8 single 1200 s exposures
in each visit (visit is that a plate is observed in one night, no
matter how many exposures it takes) within the 4-hour obser-
vation window of LAMOST. About 60% visits are assigned
to the TD survey. For the NT survey, a plate is continuously
observed three single 1200 s exposure in each visit.

In this paper, we mainly focus on introducing the target
selection and observation strategies of MRS-B, which aims at
stellar multiplicity and searching for exotic stars. We have
∼ 30% observation time in the TD survey. A “planid” is
assigned to each LAMOST-MRS plate (pointing), and the
planids of MRS-B are labeled as “TDhhmmssNddmmssB01”,
where “hhmmssNddmmss” denotes the equatorial coordinates
of the direction center star of each plate, “N” means north.

Fig. 1. The spectra example of LAMOST-MRS from late O- to M-type stars selected from LAMOST-MRS-B randomly. The spectra are normalized
by following the process of Zhang et al. (2021).[36] Wavelengths of the spectra have been corrected to rest frame with the corresponding radial
velocities. DIB is diffuse interstellar bands (6614 Å). The wavelength of TiO bands can be found in Table 6 of Valenti et al. (1998).[37] The
wavelength of the atomic absorption lines can be found from NIST Atomic Spectra Database Lines Form.

3. Observation strategy

LAMOST-MRS is designed to observe about 4000 targets
simultaneously. About 3000 stars can be observed excluding
a few problematic fibers and a few hundreds of sky fibers used
to obtain the skylight. There are not enough bright sources
(G < 10 mag) to occupy all the 3000 fibers. When observ-
ing the bright sources (G < 10 mag), the CCD will be satu-
rated if the same exposure time is taken as the faint source
(G∼ 14 mag). On the other hand, if the sources are too faint,
we need to take a longer exposure time to obtain spectra with
a good signal-to-noise ratio (SNR), which would smear the
variations of short period stars and induce more contamination
from cosmic rays. Limited by the designation of LMAOST,
the observation window for each target is only four hours, it
means that the longer exposure time would reduce the num-
ber of exposure. Consequently, the variation of some variable

stars with periods of a few hours such as RR Lyrae[41,42] will
be lost. Based on the experience of LAMOST-MRS pilot pro-
gram, 1200 s was used as the default exposure time to observe
the sources with 10 mag ≤ G < 14.5 mag. The SNR of the
single exposure spectrum of the blue arm would be larger than
5 when G < 14.5 mag.

The binary stars with semi-amplitude of RV (K > 3σrv)
will be detected with the RV precision σrv∼ 1 km · s−1 for late-
type stars. Clearly shown in Fig. 2, LAMOST-MRS can de-
tect the solar-type single-lined spectroscopic binaries (SB1s)
with q > 0.1 and period p < 1000 days, which would experi-
ence interaction in their lifetime. We can also detect the solar-
type double-lined spectroscopic binaries (SB2s) with periods
p < 50 days because the RV difference of the two components
is larger than 40 (see the top red thin horizontal lines of Fig. 2).
The more massive SB2 can be detected with the longer period.
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Fig. 2. The semi-amplitude of RV of primary star (semi-major aixs) as a
function of period (right ordinate). Here we assume the orbital inclination
and eccentricity are i = 90◦ and e = 0, respectively. The blue, dark, and red
lines stand for different primary masses of m1 = 2M�, 1M�, and 0.5M�,
respectively. The solid, dashed and dash-dot lines denote the mass ratios of
q = 1, 0.3 and 0.1, respectively. The top red thin horizontal line denotes the
spectrum resolution in RV (δv = c/7500 ∼ 40 km · s−1). The bottom red
horizontal line with rv = 3 km · s−1. The green line is the SMA of binary
with m1 = 1M� and q = 1.

We would like to analyze the statistical properties by re-
solving binary orbital parameters (period, eccentricity, argu-
ment of pericenter, phase, and RV amplitude). According to
the experiment of the Joker which is a PYTHON package
of deriving orbital parameters, more than 10 observations for

each star are required to obtain the reliable parameters.[43,44]

In the first year (2018–2019) of LAMOST-MRS, we prepared
25 plates and took exposures as many as possible (> 3 times)
when each plate passed through the observation window of
LAMOST. After the observation of the first year (see Table 1),
we realized that it is difficult to achieve our goal of > 10 visits
for the binaries with P > 10 days in all 25 plates. Consider-
ing the observation strategies of MSR-K and MRS-T which
have the same observational method as the first year of MRS-
B (3–8 exposures each visit), the short period binaries could
also be found from these two fields. Therefore, we take only
three continuous 1200 s exposures in each visit in the follow-
ing time.

It is hard to observe each plate with a uniform cadence
(or at given dates) on account of the weather condition and
the different observation strategies of the six scientific fields.
It seems easier to correct the selection bias of orbital periods
with random visits. So that the observation dates are randomly
selected during the observation season for each plate. In order
to detect binaries with period p > 1 year, we select two plates
TD060648N233818B01 and TD203106N405128B01 to ob-
serve as long as five years.

Table 1. Plates of MRS-B field, where Nvist, Nexp, Nstar are the number of visits (observation dates), exposure times, and observation stars, respectively.
N1st

star and N2nd
star are the numbers of stars observed at the first and the second year of regular surveys, respectively. The plates labeled by symbols of x were

not observe after October 2019 in the field of MRS-B. ∗ means that the two plates will be observed all five years of the program. TD103949N392416
and TD114941N345554 were input after October 2019. The last column stands for the number of common stars observed in both years. The observation
priorities of stars were modified since the second year so that Nstar is smaller than N1st

star or smaller than N2nd
star . Note: TD043724N254338 will be observed

as plate of the MRS-S field; in this table, we count all stars including the sources both SNRB = 0 and SNRR = 0.

Planid (ra, dec) Nvist Nexp N1st
star Nvist Nexp N2nd

star Nstar

(B01) (◦) 201810–201907 201910–202006 2018–2020
TD030224N542147 (45.60175, 54.36327) 2 7 2695 5 15 2892 2391
TD033106N502853 (52.77737, 50.48149) 2 14 2985 4 12 2909 2084
TD035400N453042 (58.50355, 45.51177) 1 6 2942 0 0 0 0
TD041114N555437 (62.81038, 55.91050) 2 11 2755 3 13 2910 2257
TD042145N500206 (65.43948, 50.03517) 3 16 3010 1 3 2807 2005
TD045606N223435 (74.02765, 22.57656) 1 8 2924 0 0 0 0
TD045704N475243 (74.26917, 47.87884) 1 8 3024 5 16 2966 2109
TD055633N285632 (89.14070, 28.94227) 2 14 3025 5 14 2956 2279

TD060648N233818* (91.70275, 23.63860) 2 8 3076 3 9 2951 2315
TD061044N341537 (92.68602, 34.26042) 4 24 3069 2 6 2880 2163
TD062610N184524 (96.54271, 18.75690) 6 31 3213 4 11 2943 2180

TD203106N405128* (307.77875,40.85802 ) 3 9 3189 0 0 0 0
TD103949N392416 (159.95557, 39.40467) 0 0 0 14 48 1884 0
TD114941N345554 (177.42381, 34.93176) 0 0 0 15 46 1713 0
TD041055N155647x (62.72986, 15.94666) 1 4 2141 — — — —
TD042649N425434x (66.70605, 42.90949) 1 6 3000 — — — —
TD043724N254338x (69.35248, 25.72738) 2 11 2909 0 0 0 0
TD045227N391702x (73.11599, 39.28412) 1 6 2972 — — — —
TD040433N355514x (61.14068, 35.92056) — — — — — — —
TD041324N290722x (63.35187, 29.12292) — — — — — — —
TD044912N312614x (72.30353, 31.43737) — — — — — — —
TD053403N461112x (83.51411, 46.18688) — — — — — — —
TD053908N412130x (84.78624, 41.35856) — — — — — — —
TD185549N301843x (283.95518, 30.31206) — — — — — — —
TD191631N482124x (289.12983, 48.35674) — — — — — — —
TD195013N482329x (297.55489, 48.39158) — — — — — — —
TD202021N174734x (305.08919, 17.79293) — — — — — — —
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4. Target selection
Most massive stars are located in the galactic disk. The

companions of SB1s with early-type MS primaries may not
necessarily be low-mass A–K type stars. They may con-
tain 1–3 M� stellar remnants such as WDs, neutron stars, or
even BHs.[45–47] In addition, the unresolved solar-type SB1s
might contain compact companions as well. Most of the
compact companions are WDs[48,49] accompanied by UV ex-
cess. It is useful to select solar-type + WD binary by us-
ing UV sources catalogs of the Galaxy Evolution Explorer
(GALEX).[50] However, the galactic disk was not observed
by the FUV-detector of GALEX (see Fig. 1 of Bianchi et al.
2017). To pick out these rare exotic objects as many as pos-
sible, and sufficiently utilize the 3000 fibers of LAMOST, we
initially selected 25 plates around the disk (see blue + red +
gray plates in Fig. 3).

Fig. 3. The Aitoff map shows the footprints of LAMOST-MRS-B project
in the celestial coordinate. The 12 blue plates will be observed in the
whole 5-year LAMOST-MRS program. The four red plates were only ob-
served at the first year (from 2018-10-05 to 2019-06-08) of the program.
The two purple plates were observed from the second year (2019-10-23)
of the program and the following years. The nine gray plates have been
dropped out without any observation. Note: the blue field labeled white
plus is TD055633N285632B01 which has the same center coordinates of
HIP28117 which is a pilot program plate of LAMOST-MRS.

Numbers of massive stars (O- and B-type), sdOBs, and
WDs were selected with help of Gaia color-magnitude dia-
gram (CMD) as shown in Fig. 4. All those samples were
set with highest observation priority in the input catalog. The
massive stars were picked out with GBP−GRP < 0; the sdOB
and WD candidates were selected by the sources under the
MS stars in the CMD. Here, we did not correct the redden of
GBP−GRP and extinction of MG. To obtain the spectra with
good qualities, for the rest of the stars with 10 ≤ G < 14.5,
the observation priorities followed the rule: the stars that are
in the catalog of GALEX and brighter would have higher ob-
servation priority (details see the second column of Table 2).

After the first year observation of LAMOST-MRS, we
found that it is difficult to obtain > 10 visits for all the 25
plates of which only 16 plates were observed with only 34 vis-
its. Most TD plates were crowd around the galactic disk (see
Fig. 2 of Liu et al. 2020[35]), so they are prone to take place
“traffic jams”. Therefore, we droped out 13 plates (see Ta-
ble 1), where TD043724N254338 would be observed in the

field of MRS-S, and added two new plates located at the high
galactic latitude (TD103949N392416, TD114941N345554, as
shown in the purple plates of Fig. 3). We also modified the ob-
servation priorities of input catalogs on account of studying the
variable stars and statistic properties of low-metallicity stars.

Fig. 4. Gaia color-magnitude diagram of source of MRS-B field in DR8.
The color and G magnitude have been corrected by using dustmaps.[51] The
black polygon indicates the location of MS stars, and its fixed points are
GBP−GRP = (−0.78, −0.5, −0.23, 0.13, 0.35, 0.63, 0.83, 0.94, 0.99, 1.22,
1.54, 3.0, 3.19, 3.19, 3.0, 1.54, 1.22, 0.99, 0.94, 0.83, 0.63, 0.35, 0.13,
−0.23, −0.5, −0.78), MG = (−9, −8.5, −7.6, −3.3, −1.0, 0.7, 1.6, 2.8,
3.9, 5.1, 5.8, 10.2, 11.0, 11.7, 11.5, 7.8, 7.1, 6.8, 6.6, 6.3, 5.6, 4.7, 3.7, 2.3,
0.6, −4.2). The orange curves denote the locations of sdOB and WD. RC is
red clump star.

Fig. 5. Metallicity ([Fe/H]) as a function of the equivalent width of Hα

and CaII K. The line indices are calculated from the spectra in the DR6 of
LAMOST-LRS. The iron abundance is derived by the LAMOST pipeline.
The index band-pass of Hα and CaII K is 6548–6578 Å and 3927.7–
3939.7 Å.[94] The four fixed points of the black polygon are (2.683, 5.1),
(3.59, 5.1), (6.071, −0.357), (2.279, 2.676).

The periods and some physic parameters of exotic stars
can be figured out by the spectra of TD observation. Accord-
ing to the understanding variable stars[52] and other catalogs,
we compiled a catalog (hereafter, we name it exotic star cat-
alog) with 112554 exotic stars which include Be stars, cata-
clysmic variable stars, classical cepheid stars, x-ray binaries,
symbiotic stars and so on (see Table 3, the catalog is available
in Science Data Bank).
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Table 2. The priority of input source. The second column is the priority of input sources in the first year (201810–201907). The third and last columns are
for plates located close to the galactic disk and at the high galactic latitude, respectively (see 12 blue and two purple plates of Fig. 3). GOBWD stands for O-,
B-, WD and sdOB selected from Gaia CMD (10 ≤ G < 14.5, without correcting color and extinction). ! indicates the source without observation. S18−19
denotes star observed in the first year of LAMOST-MRS; SE means the stars in our exotic stars catalog (see Table 3); SE18−19 stands for the exotic star
observed in the first year of LAMOST-MRS. LFeH stands for the low-metallicity candidate selected by line indices of Hα and CaII K (see Fig. 5).

Priority 201810–201907 (LGL plates) 201910– (HGL plates) 201910–
1 GOBWD SE18−19 LFeH & (10≤ G < 14.5)
2 GALEX & (10≤ G < 13) !SE18−19 & (10≤ G < 14.5) SE & (10≤ G < 14.5)
3 !GALEX & (10≤ G < 12) S18−19 & LFeH GOBWD

4 !GALEX & (12≤ G < 13) rest LFeH & (10≤ G < 14.5) GALEX & (10≤ G < 13)
5 GALEX & (13≤ G < 14) rest S18−19 !GALEX & (10≤ G < 12)
6 GALEX & (14≤ G < 14.5) rest GOBWD !GALEX & (12≤ G < 13)
7 !GALEX & (13≤ G < 14) rest GALEX & (10≤ G < 13) GALEX & (13≤ G < 14)
8 !GALEX & (14≤ G < 14.5) rest !GALEX & (10≤ G < 12) GALEX & (14≤ G < 14.5)
9 rest !GALEX & (12≤ G < 13) !GALEX & (13≤ G < 14)
10 rest GALEX & (13≤ G < 14) !GALEX & (14≤ G < 14.5)
11 rest GALEX & (14≤ G < 14.5)
12 rest !GALEX & (13≤ G < 14)
13 rest !GALEX & (14≤ G < 14.5)

Table 3. Catalogue name of exotic stars (their coordinates can be found in Science Data Bank, Catalog 2). Nstar denotes the number of stars in
the MRS-B field of DR8 which accumulates all LAMOST-MRS spectra observed from 2017-09-19 to 2020-05-27.

Name Brief description Nstar References
BeHIPP Be star in the HIPPARCOS 0 [53]

CV cataclysmic variables 0 [54]
Cepheid classical cepheid stars 1 [55,56]
EBAlgol eclipsing binaries with algol-type light curve 2 [57,58]
EBXray eclipsing binaries with x-ray 2 [59–61]
GCVS5 the general catalogue of variable stars: Version GCVS 5.1 149 [56]

γDor γ Doradus variable stars 0 [62–64]
γRay γ-ray burst pulses 0 [65–68]

Herbig Herbig Ae Be stars 6 [69–71]
LumStar photometry and spectroscopy for luminous stars 168 [72]

OB O- and B-type stars 1851 [73,74]
RCB the R coronae Borealis stars 0 [75–77]

RRLyrae RR Lyrae stars 1 [78]
RotateVB rotational variable stars 0 [79–83]

SB spectroscopy binaries 0 [84]
SySt symbiotic stars 0 [85,86]

TTauri T Tauri stars 6 [87,87]
UVCeti the UV Cet-type flare stars 0 [88]

WD+FKG WD+FKG-type binaries 6 [89]
WR Wolf Rayet stars 1 [90–92]

δ Scuti δ Scuti stars 5 [93]

Although close binary fraction decreases with metallicity
proved by the recent research,[20,33] it is still unclear whether
the relation is universal for all primary stars. However, the
low-metallicity ([Fe/H]<−1) stars are rare. We pick out
the low-metallicity candidates from LAMOST-LRS spectra of
DR6 by using the diagram of line indices of Hα and CaII K.
The index band-pass of the line indices can be found in Ta-
ble 2 of Liu et al. (2015).[94] From Fig. 5, we can see that
low-metallicity stars are concentrated at a specific region in
the diagram of line indices of Hα and CaII K. We roughly
selected the sources located in the black polygon as our low-
metallicity candidates.

Since the identified exotic stars and low-metallicity stars
are rare, we increased their priorities in the following obser-
vations. Then we gave the observed sources high priorities

to guarantee that we would observe plenty of stars with > 10
visits (see Table 2).

5. Parameter determination and analysis
Raw CCD data were reduced by the LAMOST 2D

pipeline. The procedures of extracting 1D spectra from 2D im-
ages include dark and bias subtraction, spectral extraction, sky
subtraction and wavelength calibration. The procedures are
the same as those of the 2D pipeline used by the LAMOST-
LRS,[95] except that the wavelength calibration is based on
Th-Ar or Sc lamps without stacking of subexposures.[36] The
SNRs of all pixels were calculated, and the medians were
taken as the final values for blue (SNRB) and red (SNRR) arms
of each spectrum. The eighth year survey data has been re-
leased, which includes LAMOST-MRS spectra observed from
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September 2018 to Jun 2020 (DR8-MRS). There are 53360
sources observed in MRS-B field, but SNRB and SNRR of
some sources are both zeros due to the bad fibers or weather
conditions. We picked out 731752 spectra with SNRB> 5 or
SNRR> 5 that belong to 49129 sources of MRS-B. Cross-
matching the sources with DR8-MRS by the sky separation
of 5′′, we obtain 892233 spectra with SNRB> 5 or SNRR> 5,
because some of the sources are observed by the other sub-
surveys of LAMOST-MRS (such as NT survey) as well. We
get 28828 and 3375 sources that are visited ≥ 2 and ≥ 10
times, which have at least a SNRB≥ 10 spectrum in each visit.

5.1. Atmospheric parameters

The stellar parameters are from the LAMOST pipeline,
i.e., LASP, which adopts the ELODIE library as templates.
The templates are interpolated with a polynomial spectral
model and then downgraded to LAMOST spectral resolu-
tion automatically while matching to observations.[96] In DR8,
the published LAMOST MRS stellar parameters are derived
from the stacked spectra from multi-epoch spectra of the blue
arm obtained in one night. Zong et al. (2020) found that the

uncertainties of Teff, logg and [Fe/H] are 100 K, 0.15 dex
and 0.09 dex, respectively,[39] by comparing the common
sources observed by Gaia[97] and the Apache Point Observa-
tory Galactic Evolution Experiment (APOGEE)[26,98] in the
MRS-K field. There are 36516 sources in the MRS-B field
that have atmospheric parameters derived by LASP.

A few contamination of early-type spectra can be found,
as shown by the blue dots in Figs. 6(a) and 6(b). Some early-
type stars with corrected GBP−GRP< 0.1 would be mistaken
as metal-poor stars with temperature Teff ∼ 6000 K. Because
the LASP could only provide parameters for stars with spec-
tral types of late A-, F-, G-, and K-type due to the limitation
of templates library. The early-type stars, especially O- and
B-type stars barely have metal lines in the blue arm spectra
which thus make them look like poor metal-poor stars.

Guo et al. (2021) picked out early-type stars from DR7
and selected the best SNR epoch spectra to measure the at-
mospheric parameters by using the Stellar LAbel Machine
(SLAM).[99,100] We find that 1718 early-type stars of MRS-
B field are in their Table 2 that atmospheric parameters were

(a) (b)

(c) (d)

Fig. 6. The CMD and Kiel diagram colored by [Fe/H] or [M/H]. The upper rows show the stars with atmosphere parameters derived by the updated
LASP pipeline, the median values are used for the source with multiple spectra. The bottom rows show the early-type stars with parameters
measured with the best SNR spectra by using SLAM. Since the uncertainty is about 0.29 dex, only one decimal place is saved, so that the logg in
panel (b) is waffle-like. Note that: [M/H] is the abundance of elements present in an object that are heavier than hydrogen and helium; [Fe/H] is the
iron abundance, we use [Fe/H] to stand for metallicity abundance if there is no specific statement. Caution: there are two stars (obsid: 727414208,
681809175) with Teff > 55000 K, which are misled by the features of SB2.
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derived by using LAMOST-MRS spectra. According to their
analysis, the uncertainties of Teff and logg are 2,185 K and
0.29 dex; the metallicity abundance [M/H] cannot be con-
strained very well with LAMOST-MRS spectra (details see the
bottom-left panel of their figure 9). There are two stars (see
Fig. 6(d), obsid: 727414208, 681809175) with Teff > 55000 K
which are out of the training grid of SLAM (10000–55000 K).
We find that their spectra have features of SB2 checked by
eyes, which misled the measurements of the effective temper-
ature.

5.2. Stellar type

There is a gap (8500 K < Teff < 10000 K) between the
Teff derived by the LASP and the SLAM, and the atmospheric
parameters are not derived for all of the sources in the MRS-
B filed. For the sake of simplicity and uniformity, we choose
Gaia CMD to coarsely identify which types the sources belong
to (see Fig. 4). We correct the color and magnitude induced
by interstellar dust. The color excess E(B−V ) is obtained
by using the median value of the Bayestar 3D dust maps of
dustmaps[51] with the galactic coordinates, parallax of Gaia
EDR3,[101] and the distance is simply derived by dividing the
parallax (d = 1/ϖ). Then the color excess E(GBP−GRP) and
extinction AG are calculated with the following equations:

E(GBP−GRP) = (1.002−0.589)
E(B−V )

0.317
, (1)

AG = 0.789
E(B−V )

0.317
, (2)

where the coefficient are relative extinction values of Table 3
of Wang et al. (2019).[102]

There are 49078 stars with available color index GBP−
GRP and parallaxes. We can see that majority of the stars
are MS and red clump stars (RCs), and F-type dwarf stars are
maximum which contain 7927 sources with Nvist ≥ 2 and each
visit has at least a spectrum of SNRB≥ 10 (hereafter, Nvist ≥ 2
denotes the number of stars that have been visited more than

twice and have at least spectrum of SNRB≥ 10 in each visit
without specification explanation). More than 1500 sources
are observed with Nvist ≥ 2 for each of B-, A-, F-, and G-
type MSs (for details see Table 5). We coarsely select MS
star by using the black polygon of Fig. 4, since it does not
influence the statistical result so much. Giant stars can be ob-
served in a larger volume than the volume of dwarf stars be-
cause LAMOST-MRS-B only observes the stars with appar-
ent magnitude from 10 mag to 15 mag. So that most G- and
K-type stars are giants and located in the region of the RC star
(see Fig. 4), as shown in Fig. 7(a). We can see that K- and
M-type dwarfs are less; G-type dwarfs are even less numerous
than F-type (see Fig. 7(a) and Table 5) because we prefer to
observe brighter stars to obtain higher SNRs.

Although the highest observation priorities are given to
the exotic stars, only few of them have been observed. As
the orange curves shown in Fig. 4, we select WD and sdOB.
Only one WD (J041010.32+180223.8) is observed and can-
not even see in the 2D histogram of the CMD. It is faint with
G = 11.42 mag, SNRB= 7.14 and SNRR= 5.24. Nine sdOB
are observed one of which has been visited 10 times. WD
and sdOB are too faint or rare to be observed. Eliminating
O- and B-type stars, 347 stars of the exotic star catalog are
(see Table 3) in the MRS-B of DR8, which include a Wolf
Rayet star (HD 195177) and two high mass x-ray binaries
(IGR J06074+2205 and HD 249179).

The low [Fe/H] candidates also have high observa-
tion priorities. Excluding the contamination of O- and B-
type stars (GBP −GRP< 0.1), we have only 276 stars with
[Fe/H]<−1 dex. It is hard to obtain the statistic property of
binary orbital parameters for the metal-poor stars. As shown
in Fig. 7(b), most stars are distributed in the interval of−0.6<
[Fe/H]< 0.4 dex. Thousands of them are observed more than
twice. There are two stars with [Fe/H]> 0.8. Note: the
derived [Fe/H] might be wrong for the the metal-richest and
metal-poorest.

Table 4. The numbers of observed stars in different types. MS means the main sequence star. Nvist ≥ 2 stands for the number of stars which are visited
more than twice and have at least a SNRB≥ 10 spectrum in each visit. There are 49078 sources that have parallax and GBP−GRP of Gaia.

TYPE O B A F G K M
GBP−GRP <−0.3 (−0.3, 0.1) (0.1, 0.5) (0.5, 0.8) (0.8, 1.2) (1.2, 2.4) > 2.4

All 314 3880 9610 13068 12511 9071 624
MS 188 3859 9441 12688 5354 1011 40

All (Nvisit ≥ 2) 245 2725 6203 7927 7280 4752 193
MS (Nvisit ≥ 2) 143 2711 6091 7680 3083 462 2

Table 5. The numbers of observed stars in different types. MS means the main sequence star. Nvist ≥ 2 stands for the number of stars which are visited
more than twice and have at least a SNRB≥ 10 spectrum in each visit. There are 49078 sources that have parallaxes and GBP−GRP of Gaia EDR3.

TYPE O B A F G K M
GBP−GRP (mag) <−0.48 [−0.48, −0.03) [−0.03, 0.33) [0.33, 0.71) [0.71, 1.07) [1.07, 2.28) ≥ 2.28

All 174 1523 7794 13218 11641 13984 746
MS 53 1511 7716 12944 8883 1547 64

All (Nvisit ≥ 2) 140 1177 5377 8740 7329 8010 262
MS (Nvisit ≥ 2) 41 1171 5314 8565 5562 843 8
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Fig. 7. (a) The histogram of stars which have at least a spectrum of SNRB≥ 10 in each visit. MS stands for main sequence star. GBP−GRP is
corrected by using dustmaps. The ordinate axis of (b) is in a logarithmic scale to make the small numbers visible at poor and rich metallicity bins.

We compile a catalog that includes RVs, stellar atmo-
spheric parameters derived by LASP and SLAM, information
of exotic stars, and a few columns of LAMOST and Gaia such
as obsid, mjd, parallax and source id, for the 892233 spectra
(the catalog is available in Science Data bank).

5.3. Visit and repeat rates

We prefer to counts the stars that have at least a
SNRB≥ 10 spectrum in each visit, which would obtain re-
liable RVs. There are totally 42193 sources with at least a
SNRB≥ 10 spectrum, and 31073 sources are visited more than
twice. From Fig. 8, we can see that most of the stars were
visited 2–5 times, and 2735 sources have been visited more
than 10 times. It is hard to obtain good SNRs for all of the
stars in each visit. For example, there are 1713 sources in
the TD114941N345554B01 plate that have been visited 15
times, while only 287 (17%) sources are visited 15 times with
SNRB≥ 10. The stars that are observed with time span of
> 700 days came from the test plates of LAMOST-MRS pilot

program such as HIP28117, which has the same center coor-
dinates as TD055633N285632B01. Though we set three ex-
posures per visit in the observation, a large fraction (28589) of
stars were observed with more exposures (see Fig. 8(a)) which
profits from observations of the other sub-surveys. It would
be useful to, but is not restricted to, study the binaries with
periods less than one day.

After the first year of observation of LAMOST-MRS, we
kept 12 plates to observe and modified the observation prior-
ities of their input sources. The repeat rate can be estimated
by using the night plates observed in the second year. From
Fig. 9, we can see that more than 70% of the sources are left
for all plates. We lost 5149 stars observed more than twice
without considering the plate of TD043724N254338, which
would be observed in the MRS-S field and has a similar prior-
ity to MRS-B field (the second and following years). The plate
HIP28117 was visited five times from 2017-10-29 to 2017-11-
08, and 1747 sources were observed of which 516 stars are still
observed in the TD055633N285632B01.

(a) (b)

Fig. 8. (a) The distribution of the number of visits and the time span of the stars observed in DR8 of MRS-B field, and there is at least a spectrum with
SNRB≥ 10 in each visit. (a) The distribution of the numbers of visits and exposures, and the spectrum of each exposure has SNRB≥ 10.
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Fig. 9. The repeat rate of plates observed from October 2018 to June 2020.
N18−19 and N19−20 denote the numbers of stars observed from October 2018
to July 2019 and October 2019 to June 2020, respectively. The detail number
can be found in Table 1.

There are 34107 sources that have been observed more
than twice with SNRB> 5 or SNRR> 5 in MRS-B. We sub-
tract the abandoned sources (5149+1231) which have been
observed more than twice, and the remaining 27727 sources
will be observed in the next few years. There are still 3 plates
that are not observed in the second year (see Table 1). Two
of them were only visited one time in the first year, so that
5000 sources would be observed in the following years. We
would obtain over 30000 sources that have the potential to be
visited more than 10 times. We can get more visits as consid-
ering the common sources that might be observed in the other
sub-survey fields of LAMOST-MRS.

5.4. Radial velocity

We measure the self-consistent stellar RV,[36] which
reduces the temporal variation of the RV zero-points (be-
tween exposures) by combining LAMOST-MRS with Gaia
EDR3.[101] We find that > 95% spectra with SNRB≥ 10 have
σrv< 10 km · s−1 in the MRS-B field. Comparing the cumula-
tive density functions (CDF) of σB

rv and σR
rv, we find that CDF

of σB
rv is steeper when σrv< 1 km · s−1, as the thick lines of

Fig. 10 shown, but CDF of σR
rv is steeper when σrv> 1 km · s−1.

Then, we divide the spectra into two sets by the corrected color
GBP−GRP= 0.5 of the stars. From the blue and red thin lines

Fig. 10. The cumulative density function of RV uncertainties of the spectra
with SNRB ≥ 10. Blue and red colors stand for RV uncertainties measured
from blue and red arm spectra, respectively. GBP−GRP is corrected by using
dustmaps. The black dashed line stands for 95%.

of Fig. 10, we can see that CDF of σR
rv is steeper for early-type

stars (GBP−GRP< 0.5), while the situation is inverse for the
late-type stars (GBP−GRP> 0.5, see the dashed lines). It indi-
cates that the RVs derived by the red arm spectra are preciser
than the RVs of blue arm spectra for early-type stars due to
that the absorption lines of early-type stars are weak and rare
in the blue arm spectra. In addition, for the late-type stars,
> 95% spectra have σrv< 1 km · s−1.

6. Summary and prospective
After the first five years survey of LAMOST-LRS,

LAMOST-MRS had been started regularly since 2018. We
obtain about 20% observation time to study the properties of
close binary and exotic stars. We initially input 25 plates in the
first year, and 16 plates were observed and 34 visits were ob-
tained. It is difficult to observe all the plates with > 10 visits in
the next four years. So we dropped out 13 of them and added
two new plates located at the high galactic latitude. Checking
the second year observation, we get 61 visits, of which 29 vis-
its are from the two high galactic latitude plates. We would
achieve our goals to obtain about 30000 sources with Nvist ≥ 2
by estimating the number of the visits during the 2-year ob-
servation. We might obtain more visits due to the common
sources observed by the other sub-surveys of LAMOST-MRS.

We placed our plates a little away from the galactic disk
plane in order to pick out the exotic objects composited of
WD+MS stars and reduce their influence on the statistic prop-
erty of binary by using the UV catalog of GLAEX. We gave
some identified exotic objects with the highest observation pri-
orities, and DR8 include 347 the identified exotic objects in
the MRS-B field. These objects could be well studied with
LAMOST-MRS spectra. For example, we could study the
variation of Hα emission line of EBXray and WR, or obtain
orbital parameters of WD+FKG binaries. In addition, a few
exotic objects (∼ 1%) will not influence the process of analyz-
ing the statistical properties of binary.

We also set high observation priorities for the low metal-
licity candidates. We found that there are about 200 sources
with [Fe/H] < −1 dex after checking DR8. It is possible to
analyze the binary fraction of these metal-poor stars. For the
source with −0.6 < [Fe/H] < 0.4, we might be able to study
the correlation between binary orbital parameters and metal-
licity abundance by using the all 5-year data, since there are
> 1000 sources in each of 0.2 dex bins.

There are 53360 sources in the MRS-B filed, of which
28828 and 3375 sources are visited≥ 2 and≥ 10 times, which
have at least one SNRB≥ 10 spectrum in each visit. We gave
the brighter sources with higher observation priorities so that
most of the observation stars belong to F-type, and majority of
G- and K-type stars are located in the region of RC star. Each
number of B-, A-, F-, and G-type dwarfs is more than 1500,
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these will give us an opportunity to obtain precise values of
close binary fraction for the different type stars. By the way,
the RV precisions of early- and late-type stars are better than
1 km · s−1 and 10 km · s−1, respectively. Therefore, it becomes
possible to study the binary statistic properties in smaller stel-
lar mass bins and obtain more reliable relations between the
orbital parameters.

In addition, we are also trying to use a few visits data of
LAMOST-MRS to find exotic stars and study binarity. By us-
ing LAMOST-MRS DR7, we identified 1162 Be stars[103] and
a quadruple (2+2) system which is the most massive eclipse
quadruple system ever found (in preparation, Li et al.). We
found that the fb varies from about 68% to 44% with stellar
spectral type varied from B- to A-type.[104] The power law in-
dex of mass ratio distribution (γ) changes from −0.42± 0.27
to 2.12±0.19 when the spectral type varies from A- to G-type
by analyzing the SB2 stars.[105] We will resolve the orbital pe-
riods of the stars with the full 5-year observation and release
them.

All the datasets presented in this paper, including the two
catalogs and descriptions, are compiled in the supplementary
materials.
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