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LAMOST
• A 4m telescope with 4000 fibers across              

a 20 sq deg field of view, taking R ~ 2000 
spectra covering approx. 3,500-9000 Å 

• In 2017 it completed first 5-year survey, 
obtaining 1M stellar spectra per year,               
to g ~ 16th 

- 3.9M unique stars with S/N > 20 
- 1.2M unique stars with S/N > 100 

• Latest public data release is DR4, which is 
~70% of the current internal release 

• There are caveats (e.g. radial velocity offset) 
but pipelines are improving. Error estimation is 
now more reliable.

http://dr4.lamost.org

http://dr4.lamost.org/doc/The-warning
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LAMOST chemistry
• Corrado Boeche applied his SP_Ace pipeline to LAMOST, which is based on general 

curves-of-growth method (Boeche et al. 2018) 

• This provides similar precision to the standard LAMOST pipeline (LASP) but with the 
added benefit of reliable alpha-element abundance to ~ 0.1 dex (NB. alternative data-
driven approaches exist, such as Xiang et al. 2017, Ho et al. 2017, Ting et al. 2017)
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Great survey for ages
• Gaia+spectroscopy great for 

ages. Main-sequence stars are 
difficult, but good prospects 
for turn-off stars and giants 

• Many papers using ages, such 
as Xiang et al. 2017, Sanders 
et al. 2018, Wu et al. 2018, 
etc… 

• Paper analysing the dynamics 
and chemistry of the disc, 
using 125k stars (Vickers & 
Smith 2018)
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Disc evolution with LAMOST+Gaia

• Combine Gaia with 
LAMOST/RAVE to 
estimate ages for 125k 
stars (Vickers & Smith, 
2018, ApJ) 

• Probe the chemo-
dynamical evolution of 
the disc, looking at 
inside-out formation, 
heating and bulk flows 

• Investigate radial 
migration through 
machine learning

rotating with less angular momentum than younger stars at the
same metallicity. We also see that, for a given age, higher
metallicity stars are orbiting with less angular momentum than
lower metallicity stars (as seen in, for example, Lee et al.
2011). Since the angular momentum is broadly representative
of the birth radius of a star (in the absence of churning), this
means that (1) older stars of a given metallicity were born more
interior in the Galaxy than younger stars of the same
metallicity, and (2) more metal-rich stars of a given age were
born more interior to more depleted stars of the same age.

These are both expectations of an inside-out formation
scenario.
In the oldest age bin, at the metal-poor end, there is a

downtick to lower angular momenta. This could possibly be
explained by contaminating thick-disk stars.
We may also switch the axes to look at metallicity as a

function of angular momentum and age (Figure 10). In this
figure, using LZ as a proxy for radius, we see that at all radii,
metallicity increases with age, i.e., ∂[M/H]/∂τ is positive. We
also see that for any given age ∂[M/H]/∂R is negative.
However, these slopes are different for different ages, with
there being more of a difference in metallicity between the
inner portions of the disk and the outer portions of the disk for
old stars; and less of a difference for young stars
( R RM H M H10 1¶ ¶ > ¶ ¶t t= =∣ [ ] ∣ ∣ [ ] ∣ ). Another way to say
this is that (∂[M/H]/∂τ)outer disk>(∂[M/H]/∂τ)inner disk, in
Figure 10, for example, the inner disk enriches at a rate of
about 0.015 dex Gyr−1, while the outer disk enriches at a rate of
about 0.027 dex Gyr−1 (between the 2.08 and 10.42 Gyr old
populations). This again supports inside-out formation, with the
interior regions reaching high levels of enrichment on a smaller
timescale than the outer regions.

6.3. Migration

In a figure similar to Figure 9, Antoja et al. (2017) found a
peculiar behavior where the most metal-rich stars (>+0.5 dex)
in their sample were rotating more swiftly than their slightly
more metal-poor neighbors (from +0.1 dex to +0.5 dex). A
possible interpretation of this is that these stars have had their
angular momenta increased by way of churning. This is
because, for such metal-rich objects to have traveled to our
observational space, they will have needed to sacrifice a lot of
angular velocity to retain the same angular momentum, as is the
expectation if epicyclic heating (blurring) is the only mech-
anism at play.
While we see such behavior in our uncut sample, the

combination of quality cuts we perform excises these stars from
Figure 9 (the most efficacious being the removal of all data that
do not fall within 3σ of their errors from an isochrone). As
pointed out by R. Schönrich (2018, private communication),

Figure 8. Relationship between a star’s observed angular momentum, LZ, and
its inferred guiding center (birth) radius based on orbit integrations. The
contour levels are at 5%, 25%, 50%, 75%, and 95% of the maximum. The two
are well mapped to each other and are relatively monotonic. Because of this,
we use LZ as a proxy for birth radius for the rest of the analysis. The red star is
at the assumed angular momentum of the local standard of rest and the current
radius.

Figure 9. Angular momentum is plotted as a function of metallicity in
independent bins spaced ∼0.2 dex apart for equidistant age populations (2.08,
6.25, and 10.42 Gyr). Only bins with 10 or more successful Monte Carlo
samplings, which each have 50 or more data points, are shown, and the error
bars indicate the 68% confidence intervals of those 10 or more samplings. The
negative slope of the line arises from the vertex angle of the local velocity field,
which is caused by more metal-poor stars, originating farther outward in the
Galaxy, visiting the solar neighborhood at the perigalacticon of their epicyclic
orbits, hence they are traveling with greater angular momentum (and vice versa
for the metal-rich stars). The movement of this line to the right with decreasing
age is a consequence of enrichment happening at all radii (if we use LZ as a
proxy for guiding center radius of the stars). Note that the error bars are offset
to avoid overlapping.

Figure 10. Similar to Figure 9, but with the axes reversed. Using LZ as a proxy
for birth radius, we see that the interior regions (lower angular momentum) are
more enriched for any given age (the negative slope in each individual line).
For the interior regions, the populations of different ages are more similar to
each other than the corresponding populations in the outer regions.

10

The Astrophysical Journal, 860:91 (16pp), 2018 June 20 Vickers & Smith

Vickers & Smith (2018)
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The Lives of Stars 3

Fig. 4.— Left: The predicted radii and true radii of 20 thousand random objects from the annulus shown in Figure 2 as they are passed
through a random forest regressor trained by the remaining 180 thousand particles in that annulus. The predictive accuracy is strong up
until about 7.5 kpc, at which point the random forest regressor underestimates the birth radii. There is a small anomaly around a predicted
radius of 1.8 kpc and a true birth radius of 2.0 kpc. Right : In filled red we show the predicted birth radii of the observational data, in
filled blue the actual birth radii of the simulation training set..
Top: Prediction using [↵ / Fe] and [Fe / H] information. Middle: Using angular momentum information in addition to

chemistry. Bottom: Using age information in addition to angular momentum and chemistry. More information leads to

a tighter, more precise recovery of the “true” age.
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• Spectroscopy is extremely useful, 
but it is also expensive 

• For many years people have been 
estimating metallicities from 
photometry, most-effectively 
through the uv-excess (e.g. Ivezic 
et al. 2008) 

• If we can estimate metallicities, 
why can we not estimate ages?! 

• Use subset with ~10% ages from 
Vickers et al. (2018) to train a 
random forrest regression tool to 
calculate ages from photometry

Can we avoid spectroscopy?

Ivezic et al. (2008)
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How well can we 
recover metallicities 

and ages?

[Fe/H] performance

σ [Fe/H] ~ 0.12 dex

Age performance

σ [Age] ~ 1.5 Gyr

Age performance



• Using all-sky GALEX data gives us 
around 2 million turn-off stars with 
good ages (SDSS gives ~6M) 

• If we want 6D phase-space we 
can cross-match GALEX and 
Gaia’s onboard spectrograph RVS, 
giving around 0.5 million stars 

• Other avenues not discussed         
here include the phase-           
space snail (more              
prominent in younger                
stars) & substructures                   
in action space

Applications Age-metallicity relation

Radial migration

Spatial distribution
U-V plane
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extended solar neighbourhood 

• When looking at ages can see clear 
flaring and/or stubby thick disc
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• Here we show the age-metallicity plane for stars with Rg = 7 kpc. 

• As expected, older stars are hotter in both JR and Jz. 

• However, plotting the ratio shows that the (probable) migrated 
stars have high values of JR/Jz. Is this because migration 
preferentially occurs for stars with proportionally smaller Jz?
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LAMOST-2
• 5-year survey from Oct 2018 to Jun 2023. 

Continuation of LAMOST-1 survey, but with new 
medium resolution component. 

• R ~ 7,500 for two windows: 496-533 nm (Mg 
Triplet, metal lines) & 630-680 nm (Halpha, Li). 
Aim to get ~20 elemental abundances. 

• Med-res: ~2 million stellar spectra (for G < 15) 
and ~0.2 million stars with time-domain spectra 
(60 epochs for G < 14) 

• Time-domain science: Variable stars and exo-
planet host stars (Kepler/K2 & TESS), star 
clusters, nebula regions (HII regions, SNR, PNe, 
etc), field binaries.


