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An introduction of the LAMOST survey
• 4-m quasi-meridian reflective 

Schmidt telescope

• 5-degree wide FoV

• 4000 fibers with 16 spectrographs

• low resolution spectroscopic 
survey (R=1800)

• limiting magnitude r=17.8-18.5

• >7 million spectra after 5-year 
survey (2012-2017)
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DR3 5.7 million spectra, 5.2 million stellar spectra, 
3.1 million have stellar parameters (3500-8000K) 



Comparison with PASTEL
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Scientific goals 
❖ The Milky Way spectroscopic survey

❖ Well covers the Galactic anti-center region (outer disk)

❖ Chemo-dynamical study of the Galactic outer disk

❖ The structure/sub-structure in the halo (<50 kpc)

❖ The dynamics of the Galactic halo

❖ Searching for rare but valuable objects: extremely metal-poor 
stars, hyper-velocity stars etc.

❖ External galaxies survey



Data releases

❖ DR1 is public released (2.2 million spectra)  

❖ http://dr1.lamost.org

❖ DR2 will be released in July 2016 (4.1 million spectra)

http://dr1.lamost.org


❖ The evolution of the disk is driven by two kinds of 
mechanisms

❖ Mergers: mostly in early time (z~1)

❖ Secular evolution: may constantly affect the disk 

❖ Bar, spiral structures (internal evolution)

❖ Triaxial halo, merging satellites

❖ Gas falling

Radial migration is one of the most effective mechanism 
in secular evolution, redistributing the energy, angular 

momenta, and mass in the Galactic disk

The evolution of the galactic disk

Sellwood & Binney 2002

Transient spiral structure

Minchev et al. 2013

Resonance overlap

Bird et al. 2012

Minor mergers



Observational predictions in the solar neighborhood

❖ Flat and disperse age-metallicity relation

❖ Flat radial [Fe/H] gradient for old populations

❖ Vanishing of VΦ-[Fe/H] anti-correlation

❖ Strange stellar populations, e.g. metal-rich old stars or 
metal-poor young stars

❖ Thick disk?

❖ Debate: does the radial migration directly lead to 
thickening



Edvardsson et al. 1993

Roskar et al. 2008

Bergemann et al. 2014

Gaia-ESO survey
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Yu et al. 2012
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Loebman et al. 2011



Liu & van de Ven 2012
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Kordopatis et al. 2015

The metal-rich, old stars must 
formed in inner disk with R=3-5 kpc 

and later radially migrated to the 
solar neighborhood

Minchev et al. 2013

2kpc
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Questions to be solved

❖ Which individual star is migrated?

❖ What the efficiency of radial migration in the evolution 
of the Galactic disk?

❖ Can radial migration is responsible for disk thickening?



Age determination

A
ge

(G
yr
)

Teff (K)

lo
gg

(d
ex
)

 

 

40004500500055006000

1

2

3

4

5
2

4

6

8

10

Ageest (Gyr)

A
ge

es
t
−
A
ge

tr
u
e
(G

yr
)

2 4 6 8 10 12
−10

−5

0

5

Liu et al. 2015 (ArXiv:1510.06123)

Age error~2 Gyr

~20000 low-RGB/SGB stars with high S/N from 500,000 K giant stars
The sampling is unbiased within distance of 1.5 kpc



Age-metallicity relation

Bergmann et al. 2014

Narrow stripe

Main sample



Subtract MDF(1Gyr) with 
rescaling and shiftingMain sample

Narrow stripe Narrow stripe

Kordopatis et al. 2015



Narrow stripe

Main sample

The Rg-[Fe/H] relation is 
similar to the VΦ-[Fe/H] relation

Loebman et al. 2011



•The lower limiting age at some 
Rg hints that the group of stars 
may experience a travel from 
inner disk to their current 
location

•Their starting (birth) radius can 
be obtained by extrapolating 
the line back to age=0 point, 
which is Rg~3kpc

•The mean traveling speed can 
be derived as 0.8±0.1 km/s

•This effect may be weakened 
for stars with larger eccentricity 
due to the scattering (blurring). 

Age-Rg relation



Evolution model from 
Minchev, Chiappini & 

Martig 2013

•Rg-[Fe/H] anti-correlation fading
•Age-Rg relation
•Narrow stripe is a group of stars 

radially migrated from ~3 kpc
•Comparison with evolution model

Narrow stripe

Main sample

Narrow stripe

Main sample



Radial migration does 
not additionally 
thicken the disk



Dehnen 1998 Xia, CL et al. 2015, MNRAS
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Note that Fux (2001) thought the Hercules stream  is 
the kinematically hot bar stars and Famaey et al. 

(2005) mentioned that radial migration may be one of 
the possible origins 



VR-Age for narrow stripe

Xia-10/Dehnen98

Hercules stream



Conclusions
❖ The narrow stripe, which is about one-third of the whole sample, 

are radially migrated from ~3 kpc to the solar neighborhood

❖ The average traveling speed of radial migration is 0.8 km/s, 
giving a tight constraint on the efficiency of radial migration

❖ The radial migration does NOT additionally thicken the disk 

❖ The Hercules stream is in the radially migrated population. It is 
not due to the resonance of the local stars induced by the rotating 
bar, but for some unclear reason probably related to the radial 
migration


