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1. Overview of the Galaxy
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2. Some fundamental parameters



Bland-Hawthorn & Gerhard 2016



3. The power of Gaia+LAMOST

+ =GaMOST
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Rainbow of stellar 

effective temperatures
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The far end of the Sgrstream

Li, LCet al. 2019

ÅLAMOST M -giants + Gaia proper motions

ÅWe identified the farthest members of Sgr streams beyond 100 

kpc

Sgr GC Sun

Belokurov+2014



пΦ ¦ǇŘŀǘƛƴƎ aƛƭƪȅ ²ŀȅΩǎ 
size and weight 



Frontieringthe edge of the Galactic disk

LCet al. 2017

ÅThe Galactic disk extends 

beyond 20 kpc from the GC

Wang, LCet al. 2018
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Å~70,000 disk -like RGB stars

ÅType II+III radial density profile



ÅThethin diskextends to around35kpc with 
M giant stars

ÅThethick diskendsaround15.5 kpc

ÅTwobreak pointsalongthe densityprofile

SagittariusStream

Breakpoints

Frontieringthe edge of the Galactic disk

Tian, LCet al. submitted



Rotationof the halo

ÅSolarneighborhood
ÅKgiant from LAMOST

DR5+GaiaDR2

Åὠ ςχ km/ s

ÅNot correlatedwith [Fe/H]

Tian,LCet al. 2019

ÅDifferentialrotation
ÅKgiant from LAMOST

DR5+GaiaDR2

ÅVTdecreaseswith |Z| andR

ÅIndicatinganoblatehalo
profile

Tian,LCet al. 2020

6<R<12

12<R<20



Bird, Xue, LCet al. 2022

ÅThe dark matter halo is around 5x1011

Msun, seems lighter than previous 
estimations



5. Gaia-Sausage-Enseladus



The cannibal Milky Way

ÅHelmi et al. (2018) found a group of stars likely the 
debris of an accreted galaxy: Gaia-Enseladus



The cannibal Milky Way

ÅGaia-Sausage is found in velocity 
space, showing a radially accreted 
debris of a probably heavy satellite

Belokurovet al. 2018



Is this a single merger 
or many merger events?

Bird, Xue, LCet al. 2019

ÅThe anisotropy is pretty large in a large volume in the 
halo

ÅGaia Sausage ends at ~30 kpc? 

Å Is Gaia Sausage responsible for the oblate shape stellar 
halo within 30 kpc?

Xu, LCet al. 2018



6. A Shaking disk



The MW is in disequilibrium

ÅCorrugation in outer disk

ÅDisk is larger than 20 kpc

XuΧLCet al. 2015
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Carlin...LCet al. 2013



The MW is in disequilibrium
ÅPhase spiral (snail)

Antojaet al. 2018

Tian, LC et al. 2018



The asymmetric motion in the 
outer disk
ÅThe young OB stars show ripple-like radial velocity in the global disk

ÅIt obviously not correlated with the spiral arms, but may be the perturbation 
inherited from the gaseous disk

Cheng, LCet al. 2019



The asymmetric motion in the 
outer disk

Z
 (

kp
c)

R (kpc)

Vű

Xu, LCet al. 2020

Gaia parallax-based distance (pc)

R
e

si
d

u
a

l o
f 
sp

e
ct

ro
sc

o
p

ic
 d

is
ta

n
ce

(%
)

Z (kpc)

V
Z

 (
kp

c)

Vű
R=
7 

R=
8 

9 1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

R=
6 



The asymmetric motion in the 
outer disk

VT in X-Y plane

VR in X-Y plane

VT in R-Z plane

VR in R-VT plane

Å{ǇŜŎΦ ǇŀǊŀƭƭŀȄ ƛǎ ŎŀƭƛōǊŀǘŜŘ ōȅ DŀƛŀΩǎ

Å Phase spirals are extended from 7 to 
15 kpc

Å Spirals are projected to Vphimap in R-
Z plane to explain the complicated 
asymmetric motion

Å It is evident that a heavy dwarf has 
been bombarded the disk a few 
hundred million years ago


