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LAMOST: the design

* Large Sky Area Multi-Object fiber
Spectroscopic Telescope

i
i
. . . rl |
* Located at Xinglong, Hebei Province “ R

* 4m aperture + 5deg FoV
4000 fibers

Parameters LRS MRS | |
Resolution 1,800 7,500
Wavelength Coverage 370-900 nm 495-535 nm, 630-680 nm

Limiting Magnitude Fmag <= 17.8 mag Gmag <= 15.0 mag | [l

Expected Precision
RV 5kms? 1km s
300 K 100 K
0.2 dex 0.1 dex
0.2 dex 0.1 dex



LAMOST: the survey

Phase |: 2012.09 — 2017.06 (LRS only)

Phase Il;: 2018.09 — 2023.06 (LRS + MRS)

LRS survey

v’ disk (anti-Galactic center) + halo +
extragalactic area (very small)

MRS survey

v’ time domain, including Kepler area



LAMOST: the survey

* large area
v’ disk: cover 20 kpc (from the Sun)
v halo: reach 40 kpc (from the Sun)

* huge database of stellar spectra

DR11

spectra

parameter

LRS
11.94 million
7.78 million

MRS
13.18 million
2.59 million




Exploring the Galactic structures

North_OB star disk
South_OB star disk
South-Kalberla 2007

North1-Kalberla 2007
North2-Kalberla 2007
Nakanishi 2006

104 light years

s fae
SR
A

Wang+2018 MINRAS, 478, 3
Yu+2021 Apl, 922, 80
D/ng+2021 4,162,112

* OB stars traces sim'-ila"r‘ﬂares as Kg-iants e
* Possibly orlgmated from external dlsturb
£.5,:7 dwarf galaxy ‘ b



Exploring the Galactic structures .

Age =1[Gyr|,n=9721

Age =T7[Gyr],n=1097

0
104 light years

Age = 3[Gyr|,n = 34541 Age = 5[Gyr],n =20655

8 =5373 Age =12[Gyr],n= 3870

Wang+2020 ApJ, 897%119
- Yu+2021 Apl, 922, 80

*" red cIump' SEAES e
e strength decreases when the age mcreases

S non -gravitational mteractlon e. g gas mfall onto the dISk

®



EXpIormg the Galactlc structures_, |

(or) (km/s) (vg) (km/s)

—20 -10 0 10 222 224 226 228

50 {N =19005

~

Tian+2018, ApJ, 865, 119 &

Li+2021, ApJ, 910,46 * - O Mgt L Ry o ‘
2 XU+2023, Ap./, 956, 13 ‘ CREE 3 ‘ L g : : Bk s : ' ' ’ 0 1 218 230
& T A r' T 2(kpe) el

o osullatmg asymmetry m star counts on elther S|de

. nppled structures appear g stars W|th aII ages

BT v e vertlcal perturbatlon by a dwarf galaxy WIthln ~0. 5.Gyr
N 1Q4Iightyears iy :




Dating the early Galaxy

g : !
247,104 i 8 1 90% stars
Subgiant stars 11

Median(oage/age) =7.5%

90% stars

4 :
7,000 6,500 6,000 5,500 5,000 4,500 10 6 8 10 12 14 0 05 1.0

T4 (K) Age (Gyr) R (kpc) N/N,, .

250,000 subgiants: LAMOST + Gaia + isochrone age precision to 8%

Xiang & Rix, 2022, Nature



Dating the early Galaxy

p(7 | [Fe/H])
0.3 0.7

p(t | [Fe/H])
0.3 0.7

distinct phases of

Early phase; "" ™ - 1_.:". .

. : Late phase: ) - 8, A
disk formation . J4>1500 & low—a * ~2.57J,<1500 "or high=a ., T
10
Age T [Gyr]
low-a disk: secular evolution, old/high-a disk: formed
" dynamically quiescent (stellar around 13Gyr, earlier than
XidngiZ ix 2022 Natire migration) the inner halo



Li+2018, ApJS
Aoki+2023, ApJ
Li+2022, ApJ

Dating the early Galaxy

LAMOST target selection

v the largest bright 10,000 very
metal-poor (VMP) star catalogues

Subaru/HDS high-resolution
follow-up
v R>36,000 from 2014-2019

v Uniform analysis on ~400 stars for
over 20 species

. LAMOST VMP catalogue

3000

2500

2000

1500

1000

6500 6000 5500
Teff

LAMOST/Subaru sample

5000

4500

4000
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Dating the early Galaxy

GSE: 89 Y% GSE r-enhanced: 5 » VMPD: 18
Sequoia: 7 e Helmi Streams: 15 e Wukong: 4

e Thamnos: 23
e Pontus: 3

Zhang+2024

; 0.0
Jo [10° kpc km s71] Jolltot

Over 130 VMP substructures identified using the
friend-of-friend algorithm

Zhang+2024, ApJ

VMP stars

Thamnos

Helmi o e00® oo OO
Streams

This work

homogenized by
Matsuno+2022

Carrillo+2022

| e raome New VMP substructure

Aguado+2021b

Gull+2021 o 00 0 ® o N
s Roederer+2010 8]
e Limberg+2024 “t

—-4.0 —-3.5 -3.0 -2.5 -2.0 -1.5 -1.0
[Fe/H]

13!



Dating the early Galaxy

VMPD (very metal-poor disk)

o disk-like kinematics
« Vg M0 T 40 km/s
v Zmax < 3kpc; 0.25 < ec < 0.60

e abundances

v small scatter

v low Zn/Fe

all data
VMPD

& 1070542552 e Low-mass building block of the

proto-Galaxy?

-4 -3 -2 R—1 -3
[Fe/H] [Fe/H]

Zhang+2024



Nal_NLTE

Dating the early Galaxy

faSE

o Complicated evolution

v small scatter in abundances

~ extremely r-process enhanced

r-enhanced
subgroup

20 30 40
VJr 1103 kpc km s71]

e An interesting dynamical subgroup

13



A lot more to tell ...

Origin of Li-rich giants

Dynamically-hot sta
(w. bin. corrected)

Dynamically-cold sta "
-------- (w. bin. corrected) o 2 Classical Li-rich giants Observed RC

(w/o bin. corrected)
* + * Dynamically-hot stars

(w/o bin. corrected)
Dynamically-cold stars

IMF power exponent: a

Krowpa ;=13 rected) ~ & % sordsph

—-125-100 =75 =50 -25 O

Xgc (kpc)

+ LAMOST+Kepler
* LAMOST

h Galactic
+ KG My fit TME R e
= BHB My fit Jeans
+ BHB My fit TME

* les 6 >

4 TNO:>55 AU «

107 3
an inclination: 7 (Radian) 28 285 290 295 300
Right Ascension (degrees)

20 30 40 50 60 70
Galactocentric radius r [kpc]

Frequency

06 08 10

Discovery of massive black-hole



Summary and Prospect

 LAMOST surveying the Milky Way

e 2017-202449 A [E 5 1| FALAMOS T8 & 3R 18 3L
v disk + halo . L -

258 261

v large number of bright stars

v over 20 million stellar spectra

o LAMOSTphaseIII(2023N‘ov-'), Y B i

. . 20174 20184 20194F 20204F 20214 20224 20234 20244
v Targets including metal-poor stars, TSI ESNR T FR R TR XH
distant giants, young objects, etc. =

Astronomers from other countries contributed

i ' nd external
v open to add-on projects and externa over 40% of LAMOST publications

collaborations




