The Assembly of the Milky Way(s)

What we learnt from LAMOST and Gaia
&
What we will learn in near future
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1. Overview of the Galaxy
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2. Some fundamental parameters



Me:
(4.240.2x 10°) M,

mass of Galactic
SMBH

pe(< 125 AU):

5 x 101° Mg pc—3,
mass density within
pericenter of star S2

TinfA- 3.8 PC, SMBH’s
dynamical influence

radius

Halo mass:

ﬂ_lrm_lb: 2-3 % 108 M@
Substructure mass
Ms: 4-7 x 108 Mg,
Total stellar halo
mass

MY": 1.84 4 0.07 x
109 M), dynamical
mass in Vvv bulge
region

M

(1.4-1.7) x 100 M,
stellar mass in Vvvv
bulge region

ﬂ[hoL:

2541 x 1010 Mg;
Galactic corona
baryonic mass

(T f‘<-ﬂ Tvir)
ﬂ[bar'y,tot:
8.8 +1.2 x 1010 My;

Galactic total
baryonic mass

(T J::.» Tvir)

fbary: 6+ 1%1
Galactic baryonic
mass fraction

BlandHawthorn & Gerhard 2016

z': 300+50 pc, thin
disk vertical
scalelength at R

=1: 9004180 pc,
thick disk vertical
scalelength at Ro

fpo: 3.4%+2.5%,
thick / thin disk
local density ratio at

Ry

fs: 15%+6%, thick
/ thin disk surface
density ratio at Ry

R': 2.64+0.5 kpc,
thin disk radial
scalelength

Mt: 441 x 1010 M,
thin disk stellar
mass

EL(]L: TOZJEE) M@
pc—2, local mass
surface density

1z| < 1.1 kpc at Ro

Ptot - OOQTiOOlS
Mg pe~3, local
mass density at Ry

Etot . 049i013 GeV
cm ™3, local dark
matter energy
density at Rp

R':2.04+0.2 kpc,
thick disk radial
scalelength

M7T: 843 x 109 Mg,
thick disk stellar
mass



=GaMiOST

6D phase coordinates
Chemical abundances

Spectral types Parallaxes Stellar ages
Stellar parameters Proper motions (Time -domain)
Chemical abundances (Time -domain) Photometries

Radial velocities Stellar parameters for bright star

Time -domain spectra Radial velocities for bright stars

3. The power oala+LAMOST



LAMOSTID 260612195 A Super Gian

LAMOSTID 41715051 BHB star

RAW spectrum
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N

LAMOSTID 528111066 B Owarf
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MS stars

Gaia parallax/proper
motion + LAMOST
spectra

Gaia proper motion +
LAMOST
spectra/spectroscopic
parallax



The far end of th&grstream

A LAMOST M -giants + Gaia proper motions
A We identified the farthest members of
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Frontieringthe edge of the Galactic disk

A The Galactic disk extends A ~70,000 disk -like RGB stars
beyond 20 kpc from the GC A Type I+l radial density profile
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Frontieringthe edge of the Galactic disk

A Thethin diskextends to aroun®5 kpc with

M giant stars
A Thethick diskendsaround15.5 kpc

A Twobreak pointsalongthe densityprofile
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Rotationof the halo

A Solameighborhood

A Kgiantfrom LAMOST
DR5+Gai®R?2

Aw ¢ X km/s
A Not correlatedwith [Fe/H]

Tian,LCet al. 2019

A Differentialrotation

A Kgiantfrom LAMOST
DR5+Gai®R?2

A VTdecreasesvith |Z| andR

A Indicatingan oblate halo
profile
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5. GalaSausagdé-nseladus



he cannibal Milky Way

Helmi et al. (2018) found a group of stars likely the
debris of an accreted galaxy: G&aseladus
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The cannibal Milky Way

AGaiaSausage is found in velocity
space, showing a radially accreted
debris of a probably heavy satellite
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Is this a single merger
Oor many merger events’

A The anisotropy is pretty large in a large volume in the
halo

A Gaia Sausage ends at ~30 kpc?

A Is Gaia Sausage responsible for the oblate shape stellar
halo within 30 kpc?
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6. A Shaking disk



The MW iIs In disequilibrium

Carlin..LCet al. 2013

ACorrugation in outer disk

ADisk is larger than 20 kpc
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The MW iIs In disequilibrium
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The asymmetric motion in the
outer disk

A The young OB stars show ripilee radial velocity in the global disk

A 1t obviously not correlated with the spiral arms, but may be the perturbation
iInherited from the gaseous disk
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lon In the

The asymmetric mot

outer disk
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The asymmetric motion in the
outer disk

VT in XY plane VT in RZ plane

Dwarf (2x1010
Msun)

A{LISOd LINXttIE Aa OFtAONIYGSR 6& DIFALlQa

A Phase spirals are extended from 7 to
15 kpc

A Spirals are projected tgphimap in R
Z plane to explain the complicated
asymmetric motion

A Itis evident that a heavy dwarf has
been bombarded the disk a few _
hundred million years ago VR in XY plane VR in R/T plane



