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• China’s largest optical telescope 

• A 4-5m telescope with 4000 fibers 
across a 20 sq deg field of view, at R 
= 2,000 

• Full surveys started in 2012, obtaining 
over 1M good stellar spectra (S/N > 
10) each year, current total of over 3M 
spectra 

• Fields cover halo/disc/anti-centre, 
with ancillary projects such as 
LAMOST-Kepler led by Fu & De Cat 
(~60k good spectra in the Kepler field) 

• Five-year survey, with possibility of 
higher-resolution (R=5,000-10,000) in 
future
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LAMOST DR1
Dark night 

plate Spectrogr
aph Success rate 

GAC 118 � 1635 � 208497/343361=61%�

M31 13 � 155 � 19263/37259=52%�

V 57 � 802 � 109403/151606=72%�

EG 31 � 460 � 50711/91024=56%�

HD 185 � 2782 � 260817/415918=63%�

B�M�F 107 � 1575 � 167111/324431=52%�

KEPLER 6 � 78 � 11099/17290=64%�

Total� 526 � 7578 � 826901/1380889=60%�

Bright night 

Plate Spectrog
raph Success rate 

GAC 69 � 927 � 110357/187658=59%�

M31 25 � 337 � 35687/67511=53%�

V 283 � 3561 � 442842/642494=69%�

EG 40 � 597 � 51964/108067=48%�

HD 162 � 2342 � 218259/329873=66%�

B�M�F 95 � 1230 � 101043/246067=41%�

KEPLER 2 � 26 � 4234/5609=75%�

Total� 676 � 9020 � 964386/1587279=61%�

1.8M spectra/1.0M params
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Improvements in survey depths and success rates

observed observed

1st year Regular Survey 2nd year Regular Survey

r-band magnitude

Full survey 2nd year data

Very bright plates 
9 < V < 14

• Success rate (S/N > 10) around 
70%, with a limiting magnitude of  
r ~ 17, so great synergy with Gaia  

• Pipelines in place, with 2.2M FGK 
stars with parameters from first 
two years 

• Similar accuracy to SDSS (~0.15 
dex in [Fe/H], ~0.2 dex in log(g), 
~100K in Teff) although issues 
with gravities 

• Various plans to estimate alphas, 
although not currently implemented

Overview of data quality
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Fig. 1.— The three panels show the distributions of the ∼ 1700 test dataset in Teff–logg diagrams, in
which the logg is from the LAMOST pipeline (panel (a)), the Kepler asteroseismology (panel (b)), and
the seismic-based SVR predicted result (panel (c)). The Teff values in the three panels are all from the
LAMOST pipeline. The black dots are the test dataset and the red dashed lines show the isochrones with
[Fe/H]= −0.2dex with age of 1, 5, and 10Gyr, from top to bottom.
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Fig. 2.— The comparison between the SVR and
the LAMOST logg for the test dataset (the black
dots). The red filled circles with the error bars
are the median values and 1σ dispersions of the
difference of logg at each logg(SVR) bin.

2008). Second, the other features, e.g., Balmer
lines (Wilhelm, Beers & Gray 1999), CaII K
and H lines (Lee et al. 2008) etc., can also be
useful to determine the surface gravity. More-
over, some algorithms determine the surface
gravity together with the effective temperature
and metallicity, simultaneously, by comparing
the full spectra with the spectral library (e.g.,
Lee et al. 2008; Wu et al. 2011a). In addition,
the supervised machine learning approaches, e.g.
artificial neural networks, support vector ma-
chine etc., have also been used to derive the
surface gravity based on the training spectra
with known surface gravity values as the tar-
gets (Re Fiorentin et al. 2007; Liu et al. 2012).
The typical accuracy of the surface gravity es-
timates for low resolution spectra, e.g. SDSS
(Ahn et al. 2014) or LAMOST (Cui et al. 2012),
is about 0.2-0.4 dex (Wilhelm, Beers & Gray
1999; Re Fiorentin et al. 2007; Lee et al. 2008;
Wu et al. 2014).

Asteroseismology is a powerful tool to derive
the fundamental parameters, e.g. stellar mass, ra-
dius, and Teff , for a star (see Brown & Gilliland
1994; Chaplin & Migio 2013). Thanks to the
Kepler (Borucki et al. 2010) mission, the Sun-
like oscillations for tens of thousands of stars
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Fig. 3.— The residual of the SVR logg, logg(SV R)−logg(ast), for the test dataset as functions of the
LAMOST logTeff and [Fe/H] are shown as the black dots in panels (a) and ((b), respectively. Panel (c) shows
the residual logg as a function of the seismic logg with the black dots. Panel (d) shows the distribution of
the residual logg with the black line. The blue line in this panel is the best Gaussian fit, which is centered
at 0 with σ = 0.13dex, to the residual. The standard deviation of the residual is 0.21 dex.

are able to be measured. The surface gravity
can be estimated from the oscillations with ac-
curacy of 0.02∼0.05dex (Morel & Miglio 2012;
Creevey et al. 2013). This performance is much
better than the non-seismic methods from even the
high-resolution spectra. Indeed, Epstein (2014b)
has shown that the Kepler measured seismic
logg is more accurate than those from the high-
resolution infrared APOGEE (Majewski et al.
2010) spectra by a factor of a few.

However, compared to the huge amount of spec-
tra from many large spectroscopic survey projects,
the number of stars with asteroseismic measure-
ment is still very limited. Therefore, it is very
crucial to examine how the surface gravity of the
whole spectroscopic survey data can be improved
with the existing seismic data, which only occu-
pies a small fraction of the full samples. In this
letter, we give more accurate logg estimates for
the LAMOST data with the help of a small subset
of the spectra with Kepler seismic logg.

The LAMOST telescope, also known as Gu-
oshoujing Telescope, is a new type of 5-degree wide
field telescope with a large aperture of 4 meter. It
assembles 4000 fibers on its large focal plane and
can simultaneously observe the similar number of
low-resolution (R ∼ 1800) spectra covering the
wavelength from 380 to 900nm (Cui et al. 2012;
Zhao et al. 2012). As its main scientific goal, it
will observe a few millions of stellar spectra with
limiting magnitude down to r ∼ 18mag for diverse

studies of the Milky Way (Deng et al. 2012). It is
also unbiasedly sampled the Kepler field with the
“LAMOST-Kepler project” (De Cat et al. 2014).
Currently, it contains a few thousands of spec-
tra with Kepler seismic data (Huber et al. 2014).
This small subset provides perfect calibrators to
improve the estimation of logg for the LAMOST
spectra. We develop a support vector regression
model for the determination of the surface grav-
ity for the LAMOST giant stars supervised by the
data with Kepler seismic logg (Sect. 2).After the
assessments of the performance of the method, it
is applied to all available LAMOST data and gives
improved surface gravity estimates for ∼ 380, 000
metal-rich giant stars (Sect. 3). Finally, some is-
sues are discussed and we draw our conclusions
(Sect. 4).

2. Method

2.1. Support vector regression

Support vector machine (SVM) is a well known
supervised machine learning algorithm mostly in
the application of classification and nonlinear re-
gression (Cortes & Vapnik 1995; Burges 1998;
Deng, Tian & Zhang 2012). A support vector re-
gression (SVR; Drucker et al. 1996), as an exten-
sion of the SVM, is a regression method to trans-
form the data, via a kernel function, from the non-
linear physical space into a high dimensional inner-
product space, in which a linear model to the data
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Repeat observations 
(per year)

• Binaries (Gao et al. 2014) & RR 
Lyrae (Yang et al. 2014) 

• K-giants (Liu et al. 2014) 
• Local UV-velocity distribution from 

15,000 F/G dwarfs (Xia et al. 2015) 
• Distance papers (in prep) 
• White dwarfs (Rebassa-Mansergas 

et al. in prep) 
• M-type stars, incl. 10-30k giants 

(Zhong et al. in prep; Li et al. in prep) 
• Other science: stellar physics; open 

clusters; ages & chemo-dynamical 
studies; HVS; dark matter density; 
chemically peculiar stars (e.g. Am, 
Li-rich, alpha-poor, metal-poor, etc)

Science highlights
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Figure 4. Binary fraction as the function of Teff and [Fe/H]. The binary fraction and RV errors are limited within 10 stellar Teff bins for SEGUE sample, which
are shown as black error bars in the upper and lower panels. For LAMOST sample, result based on three bins are shown as red color in panels together. The
[Fe/H] function are shown in right panel.

Table 1
Final Results of fB and σ0 among Two Catalogs

Sample Used count fB σ( fB) σ0 (kms−1) σ(σ0) (kms−1)

SDSS SEGUE all 5728 43% 2.0% 3.3 0.10
Metal-poor F/G 607 56% 5.0% 5.6 0.16
Metal-medium F/G 808 56% 3.0% 3.2 0.16
Metal-rich F/G 1,134 30% 5.7% 3.4 0.15

LAMOST LEGUE F/G 5204 30% 8.0% 4.5 0.18

Note. — The two σ() operators denote the dispersions of fB and σ0 estimations.

Clearly more than one of these statements might simulta-
neously be significant in explaining the difference in binary
fraction which we have inferred.
The LAMOST sample contains data from stars which were

observed in the nearby Galactic thin disk, i.e. stars with
[Fe/H] similar to those of the metal-rich stars selected from
the SDSS sample ([Fe/H] > −0.6). Hence the fB inferred
from LAMOST DR1 is consistent with the SDSS result. Fu-
ture LAMOST observations should enable us to study the
binary fractions in more detail. We suggest that the future
LAMOST selection function should be considered with this
aim in mind. Future measurements of [α/Fe] for the stars
would also be helpful.
Moreover — whatever the origin of this population varia-

tion — studies of internal galaxy kinematics, galaxy structure
and evolution should be careful not to assume that the close
binary fraction does not change as a systematic function of
[Fe/H].

This work is supported by the National Key Basic Re-
search Program of China 2014CB845703/4, the Strategic
Priority Research Program “The Emergence of Cosmologi-

cal Structures” of the Chinese Academy of Sciences, Grant
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lowship of NAOC. CL acknowledges the National Science
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XZ acknowledges Project 11373037 supported by NSFC. SJ
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versity of Cambridge, CarnegieMellon University, University
of Florida, the French ParticipationGroup, the German Partic-
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Figure 6. The histogram of the selection correction weights (see
the text in Section 3.2). Particles with 0.5 6 $ 6 6 are used in
our study.

index, d(J �K)0, around a given star can be written as

Nph(↵, �,K, (J �K)0) =

⌫(↵, �,K, (J �K)0) d⌦ dK d(J �K)0,
(8)

where ↵ and � are the central right ascension and declination
of d⌦, and ⌫ is the stellar density in the small volume. For
the LAMOST spectroscopic data, we have

Nsp(↵, �,K, (J �K)0) =

1
$

⌫(↵, �,K, (J �K)0) d⌦ dK d(J �K)0,
(9)

where 1/$ is the selection function of the survey and $ is
the weight of the star. For our data, dK is set to 1 magni-
tude, (J�K)0 is 0.2 magnitude and the solid angle d⌦ is 0.5
sr. The weight $ can be derived from the ratio of the pho-
tometric stellar count to that of the spectroscopic survey.
When $ ⇠ 1, the spectroscopic survey essentially samples
all the stars with similar direction, magnitude, and color.
When $ � 1, the spectroscopic data is under-sampled. In
general, $ should not be less than 1 unless some stars have
more than one spectroscopic observation. This weight can be
used to correct the stellar count for the spectroscopic survey
data in equation 5.

Figure 6 shows the distribution of $ for the dataset.
The peak value of $ is around 2, meaning that each star in
the spectroscopic samples represents usually two photomet-
ric ones with similar position, magnitude, and color index.
The stars with $ larger than 6 (about 20% of the total
number of stars) have been removed from our sample be-
cause they are highly under-sampled and may not therefore
represent the kinematic features for similar stars. Further-
more, stars with 0.5 6 $ < 1 are also excluded. They may
either be observed more than once, or have a smaller value
of Nsp due to very few stars counted in the given volume
and hence are not suitable for later statistical studies.

Figure 7. The figure shows the velocity distribution in the U-V
plane. The contours contain, from inside outward, 2%, 6%, 12%,
21%, 32%, 48%, 58%, 70%, 81%, 88%, 94% and 97% of stars. The
circles are the central positions of the over-densities in RAVE (An-
toja et al. 2012). The identified structures are marked as crosses
or dashed lines with a number aside. The detailed locations and
the names of the known substructures are listed in Table 1.

Table 1. The list of substructures unveiled from Figure 7

No. Name U range V range

1 NEW �120 ⇠ 103 �5 ⇠ �32
2 NEW �60 ⇠ �15 40 ⇠ 15
3 Sirius 11 -1
4 Coma Berenices -11 -7
5 Hyades-Pleiades -18 -18
6 NEW -102 -24
7 Hercules �95 ⇠ 5 �38 ⇠ �50
8 �111 ⇠ �14 �73 ⇠ �68
9 Arcturus �64 ⇠ 37 �100 ⇠ �102
10 Wolf 630 33 ⇠ 90 �11 ⇠ �58

4 RESULTS

4.1 Reconstruction of the intrinsic U-V
distribution

In order to reconstruct the U-V distribution for the selected
samples, Monte Carlo simulations combined with the ex-
treme deconvolution are used. First, a random distance for
each star is drawn from the distance PDF and then a pair of
corresponding U and V is determined. Second, an extreme
deconvolution with 20 Gaussians is applied to such a dataset
in the U-V plane. Comparing the model predicted radial ve-
locities to those of the stars from the GCS catalog, Bovy et
al. (2009) inferred that 10 Gaussians can work well to re-
construct the U-V-W distribution with Hipparcos data. For
our case, we use 20 Gaussians in our model in each random
draw according to Appendix B. Since the velocity error is
around 6 km s�1, the regularization parameter w in this
fitting is chosen to be 36 km2 s�2.

We run 100 random draws and derive the median U-V
distribution over the 100 20-Gaussian models. We compare
the median U-V distribution to that averaged over the first

c� 2014 RAS, MNRAS 000, 1–12
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Figure 1. Density of MSTO stars with 0 < g − i < 0.7 and 19.5 < i < 22 from the SDSS DR8 on the sky in different coordinate systems. The top panel shows
the map in right ascension and declination, the middle panel in Galactic coordinates, while the bottom panel in a coordinate system (Λ, B) aligned with the orbit of
Sagittarius, as defined in Majewski et al. (2003). Several stellar streams are clearly visible, the most prominent of which is the one originating from the Sgr dSph. The
Sgr stream dominating the area around the North Galactic Cap has been seen in the previous SDSS data releases. While some pieces of the southern stream have been
revealed before, the new data give a much more complete picture. Similarly to the tail in the North, the tail in the South appears to have a fainter extension at one side
(at higher B). The present location of Sgr dwarf is marked by a red star. The dashed red line is the projection of the Sgr orbital plane, as defined in Majewski et al.
(2003), and the blue dotted line shows the outline of the comparison field as discussed in the text.
(A color version of this figure is available in the online journal.)

density profile, and the behavior of centroids argue in favor of
the hypothesis of two streams.

3.2. Color–Magnitude Diagrams and Distance Gradients

Distances to many different parts of the Sgr stream have been
measured in the past using various stellar tracers: carbon stars
(e.g., Totten & Irwin 1998), BHBs (e.g., Yanny et al. 2000;
Newberg et al. 2003), subgiant branch stars (e.g., Belokurov
et al. 2006), red-clump stars (e.g., Correnti et al. 2010), and
RR Lyrae variables (e.g., Prior et al. 2009; Watkins et al.
2009). However, when combined to provide as continuous a
coverage of the stream as possible, the results of these methods

do not always appear to be fully consistent. Distances to the
stream in the south still rely on the comprehensive study of M
giants extracted from the 2MASS data set (e.g., Majewski et al.
2003).

Here, we will rely on the SDSS photometric data and
concentrate on the area in the southern Galactic hemisphere
where the stream is imaged contiguously. Our aim is to construct
clean Hess diagrams of the two streams so as to analyze
their stellar populations. Distances or, more accurately, relative
distances along the stream are needed. If uncorrected for
distance gradients, the features in our Hess diagrams lose
sharpness. Here, we will use red clump and subgiant stars as
distance indicators.
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the hypothesis of two streams.
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Distances to many different parts of the Sgr stream have been
measured in the past using various stellar tracers: carbon stars
(e.g., Totten & Irwin 1998), BHBs (e.g., Yanny et al. 2000;
Newberg et al. 2003), subgiant branch stars (e.g., Belokurov
et al. 2006), red-clump stars (e.g., Correnti et al. 2010), and
RR Lyrae variables (e.g., Prior et al. 2009; Watkins et al.
2009). However, when combined to provide as continuous a
coverage of the stream as possible, the results of these methods

do not always appear to be fully consistent. Distances to the
stream in the south still rely on the comprehensive study of M
giants extracted from the 2MASS data set (e.g., Majewski et al.
2003).

Here, we will rely on the SDSS photometric data and
concentrate on the area in the southern Galactic hemisphere
where the stream is imaged contiguously. Our aim is to construct
clean Hess diagrams of the two streams so as to analyze
their stellar populations. Distances or, more accurately, relative
distances along the stream are needed. If uncorrected for
distance gradients, the features in our Hess diagrams lose
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Other 
projects

• Full survey is making good 
progress, obtaining over 1M stars 
each year to 17th mag 

• Pipelines are relatively robust and 
continually being improved 

• Large number of spectra for 
Kepler/K2 fields 

• A lot of great science underway 

• DR1 will be released internationally 
in March, including catalogues and 
spectra (1.8M with S/N > 10; 1M 
FGK star parameters)

• Hills & hypervelocity stars (Yanqiong 
Zhang & John Vickers -SHAO, Shanghai) 

• Alphas & ages for LAMOST stars, 
starting with LAMOST-KEPLER (Emma 
Small & John Vickers - SHAO, Shanghai; 
Corrado Boeche - ARI, Heidelberg) 

• Orbital structure of disc & bulge stars 
from N-body models, currently analysing 
the APOGEE bulge high-velocity peaks 
(Matthew Molloy - KIAA, Beijing) 

• Outer-halo substructures using BHBs 
from deep u-band photometry, including 
a comprehensive characterisation of the 
Pisces over-density (Jundan Nie - 
NAOC, Beijing) 

• Pulsar microlensing (Dai Shi - PKU, Beijing)

LAMOST 
summary



Discussion points
• What aspects of the data analysis would you like to see worked on? 

Alphas are being coming, as I have shown gravities can be calibrated 
(with caveats), but is there anything else? 

• Future plans for LAMOST? The five year survey will end in Summer 
2017. What next? The higher-res grating is an option (see below), 
especially useful if this will provide reliable alpha-element abundances. 
Or time domain for binaries or variables? Or just keep going, making a 
complete survey of the disc. 

This is what they said back in 2012 regarding the higher-resolution option: “The survey will also 
include an R = 5000-10,000 mode, which will yield two pieces of the spectrum that are 350A 
wide, one in the red and one in the blue.The blue wavelength coverage is centered around 
5300A to sample many metal lines,including the prominent Mg b (5175A) triplet. The red 

segment covers the spectral range 8400-8750A, sampling the CaII triplet, Fe I, Ti I, and other 
lines, which are ideal for measuring the RV and [Fe/H]. This R = 5000 mode wavelength 

coverage and dispersion is similar to that of the RAVE experiment.”


