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Abstract The molecular-rich atmospheres of M type stars complicate understanding to their
atmospheric properties. Recently, great progress hasrbeda in atmospheric modeling of M-type stars,
and we take advantage of the updated BT-Settl model grid velde a pipeline LASPM to measure
atmospheric parameterg., log g, [M/H]) of M-type stars from low-resolution spectra. Theppline
was applied to the sixth and seventh data release (DR6 & DREZamgye Sky Area Multi-Object Fiber
Spectroscopic Telescope (LAMOST), which released atmarspparameters for 610419 and 680 185 M-
type spectra, respectively. The key algorithm is to find thettmatching for templates in the synthetic
spectral library for an observed spectrum, and then minigiz? through a linear combination of five
best-matching templates. The intrinsic precisions of themeters were estimated by using the multiple
epoch observations for the same stars, which are 118 K, 20029 dex forT.g, log g, and [M/H]
respectively. Th@ g and logg are consistent with the spectral and luminosity classifioatby LAMOST

1D pipeline, and the loci of giants and dwarfs both on spétitex and color-magnitude diagrams show
the validity. The metallicities of LASPM are also checkedhithe selected members of four open clusters
(NGC 2632, Melotte 22, ASC@6, and ASCCL9), which are consistent without any bias. Comparing the
results between LASPM and the APOGEE Stellar Parameter hanhical Abundance Pipeline (ASPCAP),
there is a scatter of 73 K, 0.22 dex, 0.21 dexfp#, log g, and [M/H], respectively.
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1 INTRODUCTION Boyajian et al(2012 estimated the effective temperatures

for nearby K and M dwarfs through bolometric fluxes from

The stellar parameters of M-type stars is important for thgyhotometry and interferometrically determined radii.
study of the Milky Way, while determining atmospheric

parameters for low-mass stars is a long-standing problem Fundamental stellar parameters of low-mass stars such
in astronomy because of the complex, molecular-rictas effective temperatur@g), surface gravity (log), and
atmospheres. Previously, each stellar parameter of lownetallicity ([M/H]) are model dependent to some extent.
mass stars was generally separately dealt with. Fdracking of reliable models, the large-scale spectroscopic
example,Ségransan et a(2003 determined the angular surveys, for example, the Sloan Digital Sky Survey (SDSS;
diameter of four very low-mass stars using interferometryYork et al. 2009 and the Large Sky Area Multi-Object
and then derived masses and surface gravities withiber Spectroscopic Telescope (LAMOSIyi et al. 2012

the mass-luminosity relation®Rojas-Ayala et al.(201)  Deng et al. 2012did not provide parameters for M-type
calculated the effective temperatures for 133 M dwarf-stars. Fortunately, the atmosphere modeling of low-mass
s by investigating the near-infrared-band spectra. stars has been developed with the parallel improvement
of computing capacities in the recent decade, such as the
* Corresponding author PHOENIX BT-Settl model , which incorporates the revised




202-2 B. Du et al: The LASPM Pipeline

gal b=0
- - DR7 M dwarfs
- DR7 M giants

Fig.1 The sky distribution of the ‘footprints’ of the selected 5728 M stars from LAMOST-DR7 withed for giants and
bluefor dwarfs. The projection is in Equatorial Coordinates.

Table 1 Parameter Space of the Grid Used in This Work

54

il Range Step size
48 Tog (K) 2300 — 4300 100
1201 i log g (dex) 0-6.0 0.5
42 [M/H] (dex) -2.5-+0.5 0.5
- [o/M](dex) 0-+0.4 0.2
—_ 30
EI
v 24
18 applied to the LAMOST low resolution M-type spectra (R
5 ~ 1800). The measurement of parameters for M-type stars
extends the capability of the LAMOST stellar parameter
6 pipeline (LASP) deal with cool stars.
3 4 15 16 1w 18 1 The LAMOST DR7 has collected more than 10

mag_i - . . .
million low-resolution spectra, including more than

Fig.2 The number of stars in theband S/N — magnitude 700000 M-type spectra. We measured parameters for
plane. The different colors are for levels of different star680 185 M-type spectra and integrated them into the M
number values. star catalog of LAMOST DR7, in which 610419 has

. . been released in DR6. The number far exceeds the entries
solar abundances along with updated atomic and mOIG%'f the previous largest M-type stellar parameter catalog

ula_r line _opacities Allard et al. 2012 2013. Recently, (including more than 70000 M-type stars), which were
Rajpurohit et al (2016 201§ andPassegger et 32019 obtained from the Apache Point Observatory Galactic

used the updgted BT—SetFI model and IDHOENIX'ACEEvqution Experiment (APOGEE) of the SDSS Data
model respectively to estimate the fundamental Ste”ahelease 16 (DR1GtoNssonN et al. 2020

parameterd ., log g and [M/H] of the M dwarfs. These

parameter measurements of M-type stars are obtained This paper provides a thorough description of LASPM
from a few to a few dozen high-resolution spectra, ancpipeline and presents the results of its performance. This
some efforts also have been made for low-resolutiompaper is organized as follows. In Sect@we describe the
spectra using the updated BT-Settl model, for exampleBT-Settl model used in this work. In Secti@we briefly
Rajpurohit et al(2013 determined ¢ of bright M dwarfs ~ describe the LAMOST observations and data reduction,
from the low-resolution optical spectra and concluded thatind details the pipeline and methods for the determination
the updated BT-Settl synthetic spectra reproduce the slop# stellar parameters in M-type stars. Sectibpresents

of the observed spectra very well. Based on the experiendhe results and comparisons with ASPCAP spectroscopic
of the above experts, we took advantage of the updatestellar parameters. Finally, the summary and discuss®n ar
BT-Settl model grids to develop the LASPM pipeline, andpresented in Sectioh
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Fig.3 The differences between actual parameters and the deraedngters of different masks. FromoLeft to right
colurpns: the differoences df., log g, and [!\/I/H]. From top to bottomopanels: no moask, mask (6856689, 7210-
73507, 7560-77200), and mask (6850—696Q 7210—735@, 7560-772@, 8105—-824A).

2 PHOENIX BT-SETTL MODEL GRIDS The coverage df ¢, log g, and [M/H] in the BT-Settl
CIFIST2011 grid are 300 to 8000 K, 0.0 to 6.0 dex, and
—2.51t0 +0.5 dex with steps of 100 K, 0.5 dex, and 0.5 dex,
L . respectively. For Alpha-enhancement/Hl] = 0.4 when
e st oo s apas” MIH] = ~L0, ] = 02 when (] 05, and o
Qllard eta 3 ch were updat- aIpha enhancement when [M/H] 0.0. We only adopted

ed in 2013, and synthetic spectra were calculated with tha art of the grid covering the parameter space of M-type
radiative transfer code named “PHOENIXAl{ard et al. P 9 9 P P P
stars, which is shown in Table

200). The version of CIFIST2011 includes the dust

formation and gravitational settling, making decisive

progress in different aspects, including the treatment

of convection, updated molecular line lists and better

solar abundanceA{lard etal. 2012. The updated line 3 THE PARAMETER DETERMINATION

list of water vapor was taken fromarber et al.(2006), METHODS OF LASPM

in which the IR region of synthetic spectra has been

improved especially for M-type stars. The CaH, VO We designed the LASPM based on the PHOENIX BT-
and TiO line lists were taken fronPlez (1999, MgH  Settl Model Grids. The pipeline employed a series
from Skory etal. (2003 and Weck et al. (2003, FeH of procedures including spectral region selection, pre-
and CrH fromDulick et al. (2003 and Chowdhury etal. processingy?matching, and linear combination, etc. The
(2006, and NH3 fromYurchenko et al(201]). The alpha methods used in this work are detailed in the following,
elements are fronCaffau et al.(2009 and Caffau etal. and we will introduce the LAMOST observation and data
(201), including both enhanced and the solar abundancereduction for M type stars in the beginning.
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Fig.4 The spectral regions used to determiffigs, 2T
[M/H], and log g for five stars. Spectral comparisons of Ly
different temperaturegdp), of different surface gravities 00— e T
(middle), and of different metallicitieshiotton). Thegray Wavelength (4)
filled areasare the masked bands to exclude the Earths
atmosphere lines. Fig.6 One example of the LAMOST observed spectrum

(blacK), the BT-Settl spectrunb{ue), and the adjusted BT-

3.1 Observationsand Data Reduction Settl spectrumréd).

LAMOST DR?7 includes more than 10 million low- we analyzed 687916 M-type spectra (570228 stars) in
resolution spectra (R- 1800), covering the wavelength DR? to try to determine their stellar parameters. The sky
range from 3800 — 9008.. The raw data were reduced distribution of the ‘footprints’ of the 570228 stars was
by the LAMOST 2D pipelinel(uo et al. 201} including  shown in Figurel, and the contour plot of their number
bias subtraction, correction of flat field, extraction ofin thei band S/N — magnitude plane is shown in Fig@re
spectra, wavelength calibration, sky subtraction, and fluxve noted that our sample consisted mainly of stars with
calibration. The extracted spectra were analyzed by thBand magnitudes ranging from 16—17.

LAMOST 1D pipeline Cuo et al. 201% to recognize the

spectral classes, as well as to determine the radial velocils 2 spectral Region Selection

(RV) for stars.

Totally, the LAMOST 1D pipeline recognized 707 614 It is important to chose spectral regions including the
M-type spectra, and classified them to spectral types of Mbbvious M-type spectral features that are sensitive to all
— M9 and roughly luminosity classes of M giant (gM) and stellar parameterg.s, log g and metallicity. Most of the
M dwarfs (dM). Considering that the features of M starsfeatures in M-type spectra are dominant in the red part
are dominant in theé-band, we excluded the spectra with of LAMOST spectra, and the S/N of the red part of an
i-band Signal-to-Noise ratio (S/N) less than 5.0. Finally,M-type spectrum is generally higher than that of the blue
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8240A). Each spectrum in the library can be treated as an
unknown target and its parameters were calculated from
the remaining library spectra. Then the derived parameters
are compared with their actual parameters. The differences
between actual parameters and the derived parameters of
different masks are shown in Figu® We found that

the estimated atmospheric parameters with the reserved
Referance: T.q = 3000, log g = 4.50, [W/H] = -0.50, : = 1.86e-08 Na-line region are comparable to the results of no mask.
] Therefore, we excluded 6850-69607210-735@, and
Rafarence: Top=2900 logig="420. M1 =-1:10.a =2 a1 756077204 from the fit procedure. Figurd shows an

5 1 example of five stars, and indicates the masked regions in
Reference: Tiy = 2900, log g = 4.50, [M/H] =-0.50, o = 6.27e-01 the gray f|"ed blOCkS.

20+
Reference: T,y = 3100, log g = 5.00, [M/H] =-0.00, ¢, = 1.24e-01

L Reference: T,z = 3000, log g = 5.00, [M/H] =-0.00, cz = 8.10e-08

=
%]

Relative flux
=

‘— LAMO‘ST i
asH Linear Combination g 33 SpeCtr al Pr e-processing

— Residuals

Two pre-processing steps in the pipeline are needed before
calculating thex? matching, one is the determination of
the spectroscopic RV to shift the observed spectra back to
the rest frames, and the other is the correction of flux which
reduces the fitting residuals.

Linear combination
[ Tur = 2924, [M/H]=-0.56, log g = 4.5

Relative flux

] i il B LA L ‘Y: 3.3.1 The adopted radial velocities

6000 6500 7000 7500 8000 8500

Wavelangth () Since TiO, VO and metal hydrides dominate the optical

spectral energy distribution (SED) of M-type stars, it is
) . . _very challenging to determine their accurate RVs because
Fig.7 The five best-matching reference spectra used ify¢ these complex and crowded bands. In addition to the

the linear combination procedure, with their respectiv S .
coefficients gppe). We add different constants to eacheRV from LAMOST 1D pipeline, we estimated another

of the five reference spectra for easier read. The nefY from a cross-correlation procedure. RV of LAMOST
composite spectrunrdd), the LAMOST target spectrum 1D pipeline were computed througk® between the
(black), and their residualsb(ue) are shown in the lower observed spectra and templates constructed from the
panel. LAMOST spectra, while the other one is estimated from
a cross-correlation procedure using the BT-Settl temglate
part. Accordingly, we chose the spectral region of 6000 +4n the cross-correlation procedure, we adopted a fifth
8800A including key features in it, i.e. the molecular TiO order multiplicative polynomial to absorb the differences
bands around 7050 and 8480which are very sensitive between the LAMOST spectra and the BT-Settl temples.
to Teg but almost insensitive to log, and the K- and To obtain a better RV, we compared the two RVs, and we
Na- line pairs at around 7688 and 81904, which show  chose the one with the smaller absolute value considering
large alterations of their line wings because of pressuréhat large RVs are generally unreliable. Figérshowed
broadening and are more sensitive to tpglin addition, the differences between the two RVs, and we can see that
the TiO bands and the alkali lines are strongly dependernthe two RVs are fairly consistent for most stars. It should
on metallicity. be noted that the stellar parameter errors introduced by RV
Effects of lines from the Earth’s atmosphere have to beerror are limited at R- 1800 if the latter are not up to 100
considered when chose the spectral regions, which shouldns™.
be masked during the fitting. There are four regions: 6850—
6960A, 7210-73508, 7560—77208, and 8105-824@  3.3.2 Flux error correction
contaminated by the atmospheric lines. The contamination
of Na-line is weaker than that of K-line. To test whether theThe details of flux calibration for LAMOST spectra in
mask of Na-line affects the measurements of parameterthe official pipeline can be found iDu et al. (2016.
we performed internal cross-validations using the BTiSettThe LAMOST flux calibration is a relative one that the
synthetic spectra of different masks, including no maskuncertainty of the continuum shape still exists caused by
mask (6850-696@, 721073504, 7560—77208), and  Galactic reddening. For M-type stars, it is more difficult
mask (6850—696@, 721073508, 7560-77208, 8105—  to obtain a pseudo-continuum due to the crowded band
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structures. This makes the spectral normalization in M-
type stars very challenging. The pipeline adopts a fiftr
order multiplicative polynomial to absorb the differences
between the observed and synthetic spectra. Figure 0 1 2 3 4 5 6
shows one example of the LAMOST target spectrurr log g (dex)

(black) and one example of BT-Settl spectrum (blue).

Applying a multiplicative polynomial, the adjusted BT- Fig 10 Histograms of logy for dwarfs greer), and giants
Settl spectrum holds the same pseudo-continuum with thged).

target spectrum (red curve in Fig). Since each template

needed to be adjusted, this procedure is computationally
expensive. the parameter of this star can be interpolated among

the five references by linearly combining the five best-
matching spectra. A new composite spectrum is created,
Shew = Zle ¢;S;, wheresS; is each spectrum of the five
Once the pseudo-continuum of reference spectra have bebast-matching spectra, argdis the coefficient. We chose
adjusted according to a target spectruny?aalgorithmis  to use five spectra in the linear combination procedure
used by the pipeline to compare the target spectrum witfollowing the work of Yee etal. (2017. A nonlinear
each of the adjusted reference spectra. Five best-matchitgast-squares minimization is used to find the coefficients
reference spectra can be found through sorting Then,  {c; |i = 1,2,...,5}, minimizing x> when compared with

5000 -

3.4 Template Matching and Linear Combination
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Table 2 Parameter Ranges of the Two Sub-grids Used by

-10 — ; ; ‘ ‘ - 6.0 ASPCAP for M-type Stars
24 M Giant M Dwarf
-5r 1 a8 Tt (K) 3000 — 4000 (100, 11) 3000 — 4000 (100, 11)
ot " log g (dex) -0.5—+3.5 (0.5, 8) +2.5—+5.5 (0.5, 7)
: [M/H] (dex) —2.5-+1.0(0.25,15) —2.5—+1.0(0.25, 15)
o 36 [a/Fe](dex) -0.75-+1.0(0.25,8) —0.75-+1.0(0.25, 8)

Mg

was because that there were too many bad points in our
chosen region.

10+

12 4.1 Precision

| We estimated the parameter precision from the parameter

5 s 5 3 T r ] 0.0 measurements of the multiple observations for the same
Gip - Grp stars. Since the instrinsic precisions of stellar pararsete
depend on spectral S/N strongly when the S/N is low, to

Fig.12 The surface gravity on Gaia color-magnitude )
diagram, color-coded by the lagvalues. reduce the error introduced by spectral S/N, we abandoned

the observations with spectral SAI10. The precision is

~ measured by a statistical estimator:
the target spectrum. The¢? was calculated through using

the flux errors as weights, and the set of coefficients was N —

constrained to that they sum to unity. Figureshows R VA N x (Pi=P), @)
an example of the linear combination for one LAMOST
target. Finally, we took the weighted average of th

reference parameters as the target parameters.

where N is the number of times for repeated observations,
ePi is the parametersi{g, log g and [M/H]) of the iy,
observation, an@ is + Z?I P;.

Figure8 shows the Gaussian fits to thelistributions
4 THE RESULTS OF LASPM of Tes , log g and [M/H]. The precision we achieved in

terms of b uncertainties of the distributions is 118 K for

We applied LASPM to 687916 M-type spectra in DR7.T.g, 0.20 dex for logy, and 0.29 dex for [M/H]. We found
We analyzed giants and dwarfs separately, and ththat the metallicity estimate had a larger dispersion than
classifications of giants and dwarfs are inherited from thdog g. This is partly because of the sparse metallicity grid
1D pipeline. For giants, we used the grids with 8.0og  with a step of 0.5 dex. In addition, the spatial distribution
g < 4.0 dex, while for dwarfs, we used the grids with of metallicity grid is not uniform with 38.4% of [M/H]
3.5< log g < 6.0 dex. Ultimately, we determined stellar = +0.0 dex and 35.3% of [M/Hk —0.5. This allows the
parameters for 680 185 out of 687 916 M-type spectra. Thenetallicities of Sun-like abundance stars to be probably
failure of parameter measurements for the 7731 spectiaear interpolated to the grid point of [M/H] = +0.0 dex,
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because the five best matches are all of [M/H] = +0.0 dexthe influence of the other two parameters on spectral
Another small sample clusters at [M/H] —1.0 dex due classification, we selected stars by limiting lagand

to the sharp fall of numbers of metal-poor templates. FofM/H] in the range from 4.0 to 5.5 dex and from —-0.5
metal-poor stars, the five best-matched template spectta +0.5 dex, respectively. The temperature distributions
have large differential gradients. This makes the lineanf dM0 to dM9 were shown in Figur®. From dMO
combination coefficients having one coefficient close tatco dM6, our results for temperature were consistent
1.0 and others close to 0.0. As a result, the interpolatedith the spectral classifications of 1D pipeline. However,
metallicity approaches the grid point of [M/H] =—-1.0. The the temperature was overestimated for stars cooler than
two samples with the bigger one at [M/H] = +0.0 dex dM6. At cooler temperatures, TiO bands start to saturate
and the smaller one at [M/H} —1.0 dex resulted in the (Passegger et al. 201LG-or giants, we did not show their
three peaks in the right panel of FiguseMoreover, the temperature distributions due to the limited number of
metallicity of M-type stars is much difficult to obtain than stars.

temperature and surface gravity. Other than earlier type

stars, the dense forest of spectral features in M-type stars3 Surface Gravity, log g

is more challenging. As a result, contradicting metaiksit

are consistent with the luminosity classes by 1D pipeline,
with peaks at 2.9 dex for giants and 5.0 dex for dwarfs.
To verify the surface gravities, we calculated a set of four
To evaluate our temperature results, we presented thepectral band indices in LAMOST spectra: CaH1, CaH2,
temperature distributions of dMO to dM9. ConsideringCaH3, and TiO5 defined in the work Bhang et al(2019

4.2 Effective Temperature, Teg
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Fig.14 Comparison of stellar parameters between by LASPM and byG¥$P Upper panel: contour distributions of
differences between the ASPCAP parameters and LASPM péeasneower panel: histograms of differences between
our results and the ASPCAP stellar parameters, and theyttaick dising Gaussian shownrasl dashed curvedhe mean
and dispersion of the Gaussian are also labeled.

as surface gravity indicators. Figuté superimposes the 4.4 Metallicity, [M/H]
log g values of stars on their spectral index [CaH1, TiO5]
and [CaH2 + CaH3, TiO5] diagrams by color. We canlt is difficult to determine accurate metallicity in M-type
see clear separators on both [CaH1, TiO5] and [CaH2 $tars due to the dense forest of spectral features. For low-
CaH3, TiO5] diagrams to differentiate between gM andmass stars, the spectral energy distribution (SED) can be
dM, which indicates that our log results agree with the Severely affected by metallicity, which is different to Sun
locations on the spectral indice diagrams. like stars. Accordingly, the SED uncertainties in M-type
stars associated with data reduction lead to a larger error i
To further verify surface gravity of LASPM, we ex- the metallicity determination, when compared to Sun-like
hibited common stars’ locations @ absolute magnitude stars. This would explain why the metallicity of M-type
versus BP - RP diagram by cross-matching the LAMOSTStars has a poor precision.
M-type stellar parameter catalog with Gaia Data Release To validate our results for metallicity, we analyzed
2 (DR2). After exclusion of the stars having a largethe metallicity estimates for selected members of four
parallax error (parallaerror/parallax> 0.2), there were open clusters (NGC 2632, Melotte 22, ASA6 and
25 076 stars in both catalogs. We abandoned the specthe5CC 19). As a reference set for comparison, the
tagged ‘Unknown’ by manual inspection, and obtainedmetallicity of FGK-type members of the four open
24 853 common stars. FigurE shows their locations clusters were also analyzed. The metallicity distribugion
on Gaia color-magnitude diagram. Although the observedf members are shown in Figuf. The LASP results
colors are not corrected for reddening, the giant and dwardf metallicity have been validated, having a precison of
loci are obvious on the color-magnitude diagram, which~ 0.1 dex (uo etal. 2015 Du et al. 2019. No obvious
means the surface gravity results obtained by the LASPMystematic offset is found for the metallicity of FGK-
are consistent with their locations on color-magnitudeype stars when compared to other catalogs except for
diagram. We inspected the 17 spectra with Gaia BP-RRow-metallicity stars Duetal. 2019 Our results for
< 1.0 and found that they are probably late K-type stargnetallicity in M-type stars agree with the results in
but recognized as early M. We noted the tail of red clumpFGK-type stars belonging to the same cluster, except
around MG ~ 0.0 and BP-RP~ 1.5. The red clump has that the former has a little larger dispersion and a non-
a long tail in the color-absolute magnitude diagram due t@Gaussion distribution due to the non-uniform metallicity
interstellar extinction@Gaia Collaboration et al. 20).9 distribution of BT-Settl grid. Both results of M- and
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Fig.15 Comparison of stellar parameters between by LASPM and byNbLPhe diagonal dashed lineshown in the
left column represent one-to-one correspondehitgtogramsshown in the right column are differences between our
results and the SLAM stellar parameters, and they are fitetyuGaussian shown asd dashed curve§he mean and
dispersion of the Gaussian are also labeled.

FGK-type members are consistent with the metallicity ofGarcia Pérez etal. 2016 from the high-resolution
open clustersNetopil et al. 2015 We find no obvious near infrared spectra. The APOGEE of the SDSS DR16
systematic offset in our results for metallicity. included about 473 307 spectra of 437 445 stars, for which
the parameters were updated using the latest version of
pipelines Jonsson etal. 2020The ASPCAP measured
stellar parameters of M-type stars by using a grid of cooler
The measurement of stellar parameters in M-type StarModel Atmospheres in Radiative and Convective Scheme
ARCS) models Gustafsson et al. 2008The parameter

was performed by the APOGEE Stellar Paramete
ASPCAP for M-
and Chemical Abundance Pipeline (ASPCAP;ranges used by ASPC or M-type stars were presented

4.5 Comparison with APOGEE
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in Table2. We cross-matched the LAMOST M-type stellar M-type spectra for LAMOST DR7 (including 610419
parameter catalog with the APOGEE DR16 and obtainedeleased in DR6), and two atmospheric parameter catalogs
17 845 spectra of 10 392 common stars. We abandoned tloé M-type stars are formally released in DR6 and DR?7,
spectra with LAMOST S/N< 10 and excluded the ones respectively. The LASPM extends the LASP parameters to
with the parameters that the pipeline gives at the boundargool stars.
grid values. Finally, a total of 8925 spectra including  We estimated the intrinsic precision of the parameter
repeated observations were left. measurements using the repeat observations for the same
We compared our results with the ASPCAP spec-stars. The precision is 118 K fdf.g, 0.20 dex for log
troscopic stellar parameters, which achieved the best fig, and 0.29 dex for [M/H]. From dMO to dM6 with
between the synthetic and observed spectrum. Figidre solar abundance, our results fdgsz are consistent with
shows the comparison of the two catalogs. The differencethie spectral classifications of 1D pipeline. Our results for
between our results and the ASPCAP spectroscopic stellaurface gravity are consistent with the luminosity classes
parameters have a scatter of 73 Khg, 0.22 dex in by 1D pipeline, and also agree with their locations both
log g, and 0.21 dex in [M/H]. We note that our results on the spectral indices and color-magnitude diagrams. We
for surface gravity are overestimated by about 0.63 dexanalyzed the metallicity estimates for selected members of
This may be related to different reference templates antbur open clusters (NGC 2632, Melotte 22, ASA6 and
different spectral regions. As for metallicity, Our result ASCC_19). Our results for metallicity are consistent with

are underestimated by about 0.25 dex. the metallicity of open clusters without a systematic dffse
We compared our results with the ASPCAP spectroscopic
4.6 Comparison with SLAM stellar parameters. The scatter of differences are 73 R, 0.2

dex, 0.21 dex ifl.g, log g, and in [M/H], respectively.
Lietal. (2020 determinedT.g¢ and [M/H] for about Except for a systematic offset, our results are basically
300000 M dwarf stars observed by both LAMOST andconsistent with those of SLAML{etal. 2020 with a
Gaia using Stellar Label Machine (SLAM). They trained scatter of~ 100 K in T.¢ and 0.27 dex in [M/H].
two SLAM models, one model used LAMOST spectra  The pipeline overestimates the temperature in stars
with APOGEE DR16 labels and the other was trainedcooler than dM6, which might be caused by the saturation
by the BT-Settl atmospheric model.z BT was the of TiO bands at cool temperaturB4ssegger et al. 20116
temperature through the SLAM model trained by BT-For M dwarfs, the surface gravities are overestimated by
Settl while o AP and [M/HLAP were determined by the pipeline in about 0.63 dex when compared to the
the SLAM model with APOGEE labels. The comparison ASPCAP; while for giants, the surface gravities are overes-
between our results and the SLAM paramters was showfimated more. This might be related to different parameter
in Figure15. The LASPMT.¢ is consistent witil.s-BT ~ coverages of different model grids. The metallicities are
andT.q-AP with a scatter of 111 K and 83 K, respectively. underestimated by the pipeline in about 0.25 dex against
However, there is a systematic offset between the LASPMhe ASPCAP metallicity. Metallicity of M-type stars is
Tex and the SLAMT.¢. The SLAM overestimated the more difficult to estimate than temperature and surface
temperature by about 100 K. The differences betweegravity, which is more related to the SED, and it is a
LASPM [M/H] and [M/H]_AP have a scatter of 0.27 dex challenge to locate its SED due to the dense forest of
and a offset of 0.26 dex, which is consistent with thespectra| features in M-type stars. According|y’ the SED
differences between the LASPM [M/H] and the APOGEE yncertainties in M-type stars associated with data redacti
[M/H]. We noted a small sample clustered at [M/H}-1.0  |ead to a larger error in the metallicity, when compared to
due to the sharp fall of numbers of metal-poor templatessyn-like stars.
A denser and more uniform grid is needed to achieve better
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