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LAMOST – A unique survey telescope
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Structure of LAMOST

MB mirror 
(spheroid)

6.67 m×6.05m

4000 Fiber 
Positioning

4000

Fibers

MA mirror

5.72m×4.4m

16 Spectrographs

32 CCDs
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Innovations in LAMOST 

a active reflecting Schmidt telescope

the Wang-Su type telescope which could get the largest

aperture for wide field of view

large field of view (5 deg) +large aperture (4m)

achieved by new type of active optics — thin deformable

segmented mirrors active optics

4000 optical fibers on focal surface

Parallel controllable fiber positioning opened the way to

take thousands optical fibers observing in short time
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MB: 37 sub-mirrors (6.67m x 6.05m)
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• Active optics for segmented

37 MB sub-mirrors
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MA: 24 sub-mirrors (5.72m x 4.4m)
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Active reflecting Schmidt optical system

Ma (24 sub-mirrors) + Mb (37 sub-mirrors)
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Aperture – field of view

《Astronomical Optics and Elasticity Theory》，2009，p. 41
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（prof. Wilstrop in Cambridge University）
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New technique: 

Parallel controllable fiber positioning 
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4000 fiber positioning units

并行可控式光纤定位单元
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New spectroscopical survey projects 

SUBARU / PFS (Japan)DESI (USA) SDSS-Ⅴ (USA)
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Spectroscopic Survey of LAMOST

• Sep. 2011 – Jun. 2012: pilot survey

• Sep. 2012 – Jun. 2017: 1st regular survey

• Sep. 2017 – Jun. 2018: test survey for medium res.

• Sep. 2018 – Jun. 2023: 2nd regular survey

• Scientific goals:

• Structure & evolution of the Milky Way

• Stellar astrophysics

• Quasars & galaxies

low resolution mode medium resolution mode

Sep. 2011 – Jun. 2012 1 year pilot survey

Sep. 2012 – Jun. 2017 5 years 1st regular survey

Sep. 2017 – Jun. 2018 1 year continue test survey

Sep. 2018 – Jun. 2023 5 years 2nd regular survey 2nd regular survey
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low & medium resolution modes

16 spectrographs in low-resolution mode 

16 spectrographs in medium-resolution mode 
1 spectrographs in high-resolution mode 



17

Medium-resolution survey (MRS)

• Accuracy：Vr < 1km/s

• ~ 20 elements abundances

• Li, C, Na, Mg, Si, Ca, Sc, Ti,

V, Cr, Mn, Fe, Co, Ni, Cu, Y,

Sm, Nd and Ba etc.

• 4000 fibers

• g<15 Mag.

• R ~ 7500

R～1800 R～7500

Vr ≤ 5km/s ≤1km/s

Teff 200k 100k

Log g 0.2dex 0.1 dex

[Fe/H] 0.2dex 0.1 dex

[α/Fe] 0.2dex 0.1 dex
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The 2nd regular survey of LAMOST

2018.9 - 2023.6:

• survey in low-resolution (dark nights)

• survey in median-resolution (bright nights)

• observations in high-resolution (full moon nights)

18
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Raw data by LAMOST



20

Data reduction
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Operation of LAMOST

Observation of Sky Survey

 Observation in Sep.- Jun.

 Maintenance in Jul.-Aug.

Observation

Survey 

planning

Data reduction 

& analysis

Maintenance
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~ 20,000,000 spectra by LAMOST

Low resolution obs. of  LAMOST DR9 Midium resolution obs. of  LAMOST DR9

• DR9 dataset (Mar. 2022)

• Observed: Sep. 2011 – Jun. 2021

Low-resolution data
Medium-resolution non 

time-domain data 

Medium-resolution time-

domain data 
Total 

Total spectra 11226252 1841959 6384475 19452686 

Spectra (S/N>10) 10109779 1194264 3662548 14966591 

Star parameter 7060436 906003 771211 8737650
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Data release of LAMOST

Dataset 
Spectra with 

S/N>10
Stellar parameters

Data release to 
domestic / public

Pilot survey（PDR） 0.55 M 0.36 M 2012.08 / 2012.08

Pilot + 1 year Normal survey: (DR1) 1.74 M 1.06 M 2013.09 / 2015.03

Pilot + 2 year Normal survey: (DR2) 3.27 M 2.20 M 2014.12 / 2016.07

Pilot + 3 year Normal survey: (DR3) 4.66 M 3.17 M 2015.12 / 2017.07

Pilot + 4 year Normal survey: (DR4) 6.21 M 4.20 M 2016.12 / 2018.07

Pilot + 5 year Normal survey: (DR5) 7.77 M 5.34 M 2017.12 / 2019.07

Pilot + 6 year Normal survey: (DR6) 9.37 M 6.36 M 2019.03 / 2020.10

Pilot + 7 year Normal survey: (DR7) 14.48 M 7.00 M 2020.03 / 2021.10

Pilot + 8 year Normal survey: (DR8) 17.23 M 7.75 M 2021.03 / 2022.10

Pilot + 9 year Normal survey: (DR9) 19.45 M 8.73 M 2022.03 / 2023.10

• Data police:

• Released to Chinese astronomers and international parteners

• Released to Public after 18 months
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Collaborations with CDS & ESA

• LAMOST datasets collected by ViziR/CDS from 2016

• Fusion with ESASky astronomical data system

LAMOST DR5 in VizieR
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LAMOST-Kepler project（2012-2017,2018…）

De Cat & Fu et al. 2015, ApJS, 220, 19 
Zong, Fu & De Cat et al. 2018, ApJS, 238, 30
Fu, De Cat & Zong, 2020, RAA, 20, 167 

 ~39% of Kepler stars observed

Year #Fields #Plates #Spectra

2012 3 7 17,659

2013 6 14 39,309

2014 7 14 38,516

2015 11 32 97,247

2017 6 16 35,139

2018 1 2 4892

total 33 83 238,386

Collaboration with Kepler project
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LAMOST-K2 project

Obs.: 2012-2017

• 170,000 spectra，

• 120,000 stellar parameters

• K2 objects: 86,000 (~20%)
Wang, Fu & Zong et al. 2020, ApJS, 251, 27
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 20 plates in Kepler & K2 regions

 50,000 stars

 60 obs. for each plate

Medium resolution survey for LAMOST-KEPLER/K2



Publications by used of LAMOST data

No. of papers: 947  
No. of citations: 
10,394
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2017 2018 2019 2020 2021

No. of SCI by foreign astronomers 35 37 50 60 112

No. of SCI by Chinese astronomers 55 77 89 97 120

Ratio 38.9% 32.5% 36.0% 39.3% 48.3%

No. of papers by foreign 
astronomers
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LAMOST 基本覆盖
Gaia天区，对银河
系化学性质的研究
提供了前所未有的
视角

(Wheeler et al. 2020, ApJ, 898)

美国哥伦比亚大学
和澳大利亚悉尼大

学研究团队
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C-19: stellar stream

LAMOST: 1 star

Gemini N: 3 stars

GTC: 6 stars

Research group from

France, Canada, Italy,

China et al. 

Z. Yuan: LAMOST fellow



Publications by optical telescopes

Jan. 2017 – Dec. 2021

LAMOST is the 5th with the 25 O/IR telescopes in the world
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LAMOST sciences
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Structure of the galactic disk: radius

• In textbook

50,000 light years

• 2017: 

Liu et al. RAA

62,000 light years

• 2018:

Lopez-Corredoira et al. AA 

100,000 light years

• 2021:

Li et al. ApJ

97,800 light years

银盘半径大小变化示意图
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Monoceros ring

• Origin from disk

• Extended to 30 kpc

Li, Xue+ ApJ, 2021 
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Structure of the halo

Xu et al. 2018, MNRAS, 473, 1244 Tian+2020 ApJ

Inner helo

Outer helo



37

Total Mass of the Milky Way

Huang et al. 2016

• Hitherto the most accurate Galactic rotation curve extending to 100 kpc based on 12000 
selected from LSS-GAC DR2 and 4000 selected from APOGEE low Galactic latitude 
(|b| < 3o) primary red clump stars, and 6000 halo K giants selected from SDSS

• Measurements of the Galactic escape velocities at Galactocentric radii between 5 and 14 
are presented based on a sample of 527 high velocity halo stars (|vr| > 300 km/s, 
[Fe/H] < -1) selected from the LAMOST Galactic spectroscopic surveys

Huang et al. submitted

MVir = 0.90 (+0.07, −0.08)⨉1012 M⨀

ρDM = 0.32 (+0.02, −0.02) GeV cm−3

Mvir = (0.91 ± 0.05) ×1012 M


vesc (R0) = 529 ± 29 km/s
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Star counts:

Bird, Xue, Liu et al. 2018a

M200=0.85±0.05 1012 Msun
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The Local Standard of Rest

Method I: VDF Method II: CTDS

• Based on 94,332 thin disk FGK dwarfs 
within 600 pc of the Sun. 

（U◉,V◉,W◉）=
（7.01±0.20, 10.13±0.12, 4.95±0.09）km/s

• V is 2 times of one in “Galactic 
Dynamics”  (Dehnen & Binney 1998)

Huang et al. 2015, MNRAS
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• With LAMOST data and a simple

analytical Kz force model depending on

less assumptions

• the volume density of the dark matter

around us is 0.018±0.005M⦿pc-3

40

Dark matter mass density in the solar neighborhood

Xia, Liu, et al., MNRAS,2016 Guo, Liu, et al., MNRAS,2020
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LAMOST K giants

Yang, Xue et al. ApJ, 2019a

Monoceros Ring
Sagittarius streams
Orphan stream
Cetus stream
Gaia-Sausage

Steller stream in the halo
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Steller stream in the halo

42

• 33000 M giants in DR4

• 3d space orbit of the Sgr
stream

• The far side in 130 kpc from 
the Sun

Li et al. 2019, ApJ, 874, 138

人马座矮星系环绕银河系运动的四条潮汐
尾示意图
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Metal-poor stars

• 100,000 candidates of bright metal-

poor stars

• 90% to search [Fe/H]<-2

• “Millstone” sample:

400 high resolution spectra

LAMOST

Subaru

Li et al. 2020, ApJ
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Evidence for the accretion origin of a holo star

44

银河系并合矮星系示意图

Xing et al. 2019, Nature Astronmy, 3, 631

Fe/H
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Ages of 1,000,000 stars

• Turn-off stars: 1 M (Xiang et al. 2015, 2017)

• RC stars: 0.2 M

• Red giants : 0.64 M

Xiang et al. 2017，引用7次Reviewer's Comments: This is a solid body of work that makes a significant 

contribution to the field, and which is especially valuable as a benchmark for 

Galactic evolution modeling. 
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• LAMOST DR7

• Gaia eDR3

• 250,000 sub-giants

• age < 7%

Thick disk: 13 ba
Helo: 11 ba

Thin disk: 8 ba

M. Xiang: LAMOST fellow
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The largest OB catalog

47

• OB stars: high tepereture, 

high mass, short life, rare

• 16032 OB stars discoveried

by LAMOST

• The fundamental data for 

young stars in the out disk 

of the Galaxy

Liu  et al. 2019, ApJS, 241, 32

OB星在赫罗图上的分布示意图
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New Oe stars

• Oe star: very few

• high speed rotation

• with disk

• 6 Oe stars discovered by LAMOST, 13 Oe stars in total before

• To understand the origin of the Oe stars

48Li et al. 2018, ApJ, 863, 70
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Early-type stars

• 40,034 early-type stars

with vsini,Teff, log g, [M/H]

Medium resolution obserced

by LAMOST

Sun et al. 2021 ApJS
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Hyper-velocity stars: 4 from LAMOST

• Letter of prof. Brown:“an exciting pair of hypervelocity star 

discoveries”

• Websites: Universe Today, Phys.org, AAS Nova

Huang et al. 2017 Li et al. 2018
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High-velocity stars

• 591 high-velocity stars (2x before)

• 42 candidates of hyper-velocity stars (2x before)

Li et al. 2020, ApJS



52

•5648 solar-like stars

•48 superflare stars. 

Superflare stars are 

generally characterised by 

larger chromospheric 

emissions than other 

stars, including the Sun. 

1-6 orders higher than solar flares

Karoff et al. Nature Comm. 2016

Superflare stars characterised by enhanced magnetic activity
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Highest Li abundance in the Li-rich giants

Yan et al. 2018, Nature Astronmy Kumar et al. 2020, Nature Astronmy Yan et al. 2021, Nature Astronmy

Highest Li abundance 

in the Li-rich giants
Li produced by solar-like 

stars
Li-rich in red clump 

stars, not in  red giants
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Discovery of stellar-mass black hole 

• 70 M


black hole

• New method to discover black holes

54

黑洞示意图

Liu et al. 2019, Nature
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“Black-hole hunter”

55

TD1

0

TD0

6

TD0

3

TD0

8

～40 B stars

～ 400 A stars 

～ 2800 F stars

～ 3000 G stars

～ 3000 K stars

～ 100 M stars
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l:237.5331

0

b:+56.5630

3

l:214.8436

3

b:+31.0548

0

l:191.1816

7

b:+8.58444

l:167.39327 

b:-23.03605

Wang et al. 2020b

Four plates of LAMOST

黑洞猎手计划



56

The eccentricity distributions for

a large (698) and homogeneous

Kepler planet sample with transit

duration statistics.

Puzzle of Exoplanet Orbits

行星轨道面倾角与偏心率关系

Xie, et al. 2016, PNAS

The prevalence of circular orbits and 
the common relation may imply that 
the solar system as well as its 
formation is not so atypical in the 
Galaxy after all.
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New type of exoplanets: Hoptunes

Dong & Xie et al., 2018, PNAS,115, 266–271
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LAMOST Quasar Survey 

• Identified 56000 quasars

• 28000 independently discovered

• 22500 new discovered

• DR1: Ai, Wu, Yang, et al., 2016, AJ, 151, 24

 3921 quasars identified, 1180 new

• DR2/DR3: Dong, Wu, Ai, et al., 2018, AJ, 155, 189

 19935 identified, 12126 independent, 8100 new

• DR4/DR5: Yao, Wu, Ai, et al., 2019, ApJS, 240, 6

 19246 identified, 11446 independent, 8149 new

• DR6-DR8: Jin, Wu, Fu, et al., 2021, to be submitted

 12761 identified, 7071 independent, 5380 new

• LAMOST quasar survey has become one of the top
3 quasar surveys, after SDSS & 2dF.
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• 21 “face-change” QSOs

Yang et al.  2018
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Background QSOs in the 

vicinity fields of M31/M33

~4000 QSOs
~100 PNs

Huo et al., 2010, 2013, 2015
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Dust around M31

• LAMOST + Gaia

• 190,000 stars

• Reddening Map of MW

• Dust distribution of M31/M33

Zhang+2020 ApJL
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Pair of galaxies

• LAMOST + SDSS

2022-04-02

62

Mass function of pairs

Interaction of galaxies: 150 kpc

Feng et al. 2019, ApJ
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Compact galaxies:

“extragalctic fruit & vegetable garden”

1417 new discovery (before 800)

• 739 green pea

• 270 blueberry

• 388 purple grape

Liu, Luo et al., 2022, ApJ, 927, 57



64 https://arxiv.org/abs/2203.14300
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LAMOST亮点科研成果

发现锂丰度最高的巨星
Yan et al. 2018, Nature Astronmy

类太阳恒星可以产生锂
Kumar et al. 2020, Nature Astronmy

富锂巨星真身探秘
Yan et al. 2021, Nature Astronomy

发现最大质量恒星级黑洞
Liu et al. 2019, Nature

发现宇宙中金属含量最低的球状星团遗迹
Nicolas et al. 2022, Nature

揭示银河系早期形成和演化历史
Xiang et al. 2022, Nature

• 富锂巨星系列成果

• 银河系结构研究

• 黑洞

预期成果
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A. McConnachie, R.Murowinski, D. Salmon, D.Simons, P.Côtéc，2014，SPIE

Capability of LAMOST: A =247

Existing and planned multi-object spectroscopic projects
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LAMOST II project

Site: Xinglong Lenghu

• Mirrors: MA24 MB37

• Fibers: 4,000 12,000

• Limit mag.: 17.8m  19.3m

• Spectra： 10 M 100 M

Seeing: 0.76” median
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Thank You！




