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core-collapse SNe 
“immediate”  

SNe Ia (binary WDs)
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Furhmann (1998) : 270 stars
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[Mg/Fe] vs [Fe/H] :  
c-c SNe vs Ia SNe

Gaia-ESO (2021) : 105 stars



Tolstoy, Hill & Tosi 2009, ARAA, 47, 371

The knee position 
indicates the metallicity
at the time SNe Ia start 
to contribute to the 
chemical evolution
and the knee is expected 
to be different because 
of the wide variety of SFHs



In the following we will see a few highlights (very biased choice, sorry) for
four surveys (three high-res, one low/medium-res):

Ø Gaia-ESO observation finished; spectra public; final data release [soon] with 110000 stars
Ø APOGEE APOGEE-2, also South, on-going; spectra public; DR16 has 430000 stars 
Ø GALAH on-going; spectra public; DR3 has 600000 stars

and
Ø LAMOST on-going; public up to DR6 with about 10 million LR and 6 MR million stars



reduced & stacked spectra
(final catalog due soon)clusters

field MW
standard



100 papers à Gaia-ESO in the title* 
(only refereed papers + recent arXiv)
52 are on/rely on open clusters    

Gaia-ESO is a public survey so :
Ø Spectra (also fully reduced) are public through ESO archive (http://archive.eso.org/cms.html)
Ø Final catalog of RV, stellar parameters, abundances of 110000 stars is (will soon be) public at ESO website for

catalogs (https://www.eso.org/qi/)
è you can (and are welcome to) use spectra/catalog for your own science & publications 

@ 30August 2021 (only refereed papers)

*and ∼50 more using Gaia-ESO data

http://archive.eso.org/cms.html
https://www.eso.org/qi/)


This will soon be the final Version



à Trumpler 20 was observed in first Gaia-ESO runs + archive spectra were added



Ø 62 Open Clusters extensively observed by Gaia-ESO (+existing archive) 
Ø 20+ directly retrieved from UVES-FLAMES archive



Topics touched by Gaia-ESO papers on open clusters:

Ø Properties of individual clusters and star forming regions (membership, metallicity,  updated derivation of age & distance)
Ø Internal kinematics and substructures with high-precision radial velocities
Ø Pre-main sequence stars (empirical)
Ø Detailed chemical abundances and their variation with evolutionary phase (e.g. C, N, Li, Na, and others)
Ø Massive/young stars
Ø Characterisation of low-mass stars
Ø Connections rotation/chromospheric activity/accretion
Ø Distribution of metallicity and elements in the Milky Way (aka “gradient”)
Ø Open clusters as calibrators (e.g. for stellar evolutionary models)
Ø Chemical clocks and their calibration and applicability (e.g. [C/N], [Y/Mg], Li)

è In general, stellar clusters are very good particle test / calibrators / validating sets as their stars share a common
origin, age, initial chemical composition

Note : Gaia-ESO observations were entirely conducted prevous to Gaia releases, but can be integrated in the “Gaia Universe”, 
as was the original intention of this Gaia-precursor survey



Spina+ 2017
The Gaia-ESO Survey: the present-day radial metallicity distribution of the Galactic disc probed by 
pre-main-sequence clusters

Cluster members: above the solid line
Younger clusters metal-poorer than older ones …

Chemical evolution in the disc ?
Analysis problems ? [e.g. Baratella+2020]

young (<100 Myr)             intermediate & old (>100 Myr)

https://ui.adsabs.harvard.edu/abs/2017A%26A...601A..70S/abstract
https://ui.adsabs.harvard.edu/abs/2020A%26A...634A..34B/abstract


The Gaia-ESO Survey: open clusters in Gaia-DR1 . A way forward to stellar age calibration

“Demonstration” using GDR1

Gaia DR1: TGAS = Tycho-Gaia
Astrometric Solution
~2.5 million stars, bright

Members:
Gaia (TGAS)
Gaia-ESO (UVES, GIRAFFE)
è Verify / calibrate stellar

models with open clusters
è Ages (on same scale)

Two of the
eight
clusters

Pisa
isochrones
here, but
also MIST,
PARSEC 
tested

Randich+ 2018

https://ui.adsabs.harvard.edu/abs/2018A%26A...612A..99R/abstract


The Gaia-ESO Survey: evidence of atomic diffusion 
in M67?

Bertelli-Motta+ 2018

The Gaia-ESO survey: 3D NLTE abundances in the open 
cluster NGC 2420 suggest atomic diffusion and turbulent 
mixing are at the origin of chemical abundance variations

Semenova+ 2020

M67

NGC2420

plus many more
elements

https://ui.adsabs.harvard.edu/abs/2018MNRAS.478..425B/abstract
https://ui.adsabs.harvard.edu/abs/2020A%26A...643A.164S/abstract


Casali+ 2020

The Gaia-ESO survey: the non-universality of the age-chemical-clocks-metallicity relations in the Galactic disc
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𝛂-elements released on short scale (massive stars)
neutron-capture elements on long scale (intermediate/low mass)

è their ratio is function of age (empirical relation) : known
è but also of metallicity (i.e. star formation history) : new here

Using a [Y/Mg]-[Fe/H]-age relation

Age of stars in high-𝛂 and low-𝛂 disc in 
solar vicinity observed by Gaia-ESO age

https://ui.adsabs.harvard.edu/abs/2020A%26A...639A.127C/abstract


APOGEE is part of the Sloan Digital Sky Survey
(Apache Point Observatory Galaxy Evolution Experiment)

(DR17 public in Dec 2021)





Papers with “APOGEE” in abstract458 495
@5 Sep 2021



Homogeneous analysis of globular clusters from the 
APOGEE survey with the BACCHUS code –
II. The Southern clusters and overview

Mészáros+ 2020

Ø ∼2300 stars in 31 GCs (of the 40+ observed)*
Ø Fe, C, N, O, Mg, Al, Si, K, Ca, Ce, and Nd 
Ø Intrinsic Fe spread;  shape and statistics of Al-Mg

and N-C anti-correlations as a function of cluster 
mass, luminosity, age, and metallicity

Ø No metallicity spread in M22, NGC1851 (at odds 
with previous works)

Ø Al enrichment ∝ GC mass *Carretta & Co
have a sample
of same size
in optical, using
FLAMES@VLT

See also GCs in
Gaia-ESO

Plus more…

https://ui.adsabs.harvard.edu/abs/2020MNRAS.492.1641M/abstract


Donor+ 2020
The Open Cluster Chemical Abundances and Mapping Survey. IV. Abundances for 128 Open Clusters 
Using SDSS/APOGEE DR16

Nr stars: 1 (for half of the sample) to 83, 
average 7 stars (s.d. 13)

Ø Gradient in metallicity 
radial (Rgc) and height (z)

Ø Separation in age and
height bins

Ø Gradient for 16 elements

https://ui.adsabs.harvard.edu/abs/2020AJ....159..199D/abstract


Chemical Cartography with APOGEE: Metallicity Distribution Functions and
the Chemical Structure of the Milky Way Disk Hayden+ 2015

⊙|z| 

Galactic Plane
Inner disc           Sun         Outer disc

70k stars, DR12
Rgc=3-15 kpc, |z|<2 kpc
à Different  [𝛂/Fe] vs [Fe/H]

sequences with Rgc

https://ui.adsabs.harvard.edu/abs/2015ApJ...808..132H/abstract


Schiavon+ 2017

Chemical tagging with APOGEE: discovery of a large population of N-rich stars in the inner Galaxy

N-rich (& Al-rich, C-poor) stars = second generation stars in GCs ?  Too many…

https://ui.adsabs.harvard.edu/abs/2017MNRAS.465..501S/abstract


Miglio+ 2021Age dissection of the Milky Way discs: Red giants in the Kepler field

Solar-like oscillating giants: APOGEE Teff, [Fe/H], [α/M] + Kepler νmax , ∆ν +  RV + Gaia + evolutionary models
è mass è age
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-0.5 ≤[Fe/H]≤-0.2    RGB / RC
-0.15 ≤[Fe/H]≤+0.2 RGB / RC
è Young metal-poor stars

are rare

https://ui.adsabs.harvard.edu/abs/2021A%26A...645A..85M/abstract


* Gaia-Sausage-Enceladus[Fe/H]

[𝛂
/F

e]From APOGEE DR17 (internal release):
-relative abundance trends of multiple elements 
(C, N, O, Mg, Al, Si, Ca, Fe, Ni, and Ce)

-fitting chemical evolution models to the [α/Fe]-[Fe/H] 
abundance plane for each galaxy

Hasselquist+2021, arXiv:2109.05130

Abundance pattern of MW satellites   
LMC SMC   GSE* Sgr Fnx

https://arxiv.org/abs/2109.05130


Hasselquist+2021, arXiv:2109.05130

Abundance pattern of MW satellites:    LMC SMC        GSE* Sgr Fnx

* Gaia-Sausage-Enceladus

[Si/Fe] 
vs

[Fe/H]

SFH

[Fe/H]
time
evolut.

https://arxiv.org/abs/2109.05130


GALAH



92 66
@5 Sep 2021 Papers with “GALAH” in abstract



If you want to access the data

https://www.galah-survey.org/

https://www.galah-survey.org/


Key results (as from GALAH Survey webpage)
Ø Dissection of the stellar disks
Ø The accreted halo
Ø Chemical tagging
Ø Lithium*
Ø Calibrating other surveys 

* Lithium (7Li) measured from 6708 Å line à optical spectra, medium-to-high resolution works better

• Dissection of the stellar disks in terms of age, velocity, action, and location + chemistry
• First follow-up of Gaia’s discovery of the “phase spiral” perturbation in the local disc
• Differing abundance trends between the thin and thick disk as well as with metallicity and age
• Nearly 40% of stars in the solar vicinity have metallicities higher than the local ISM
• Radial migration is an important process in the evolution of disk galaxies



Bland-Hawthorn+ 2019 
GALAH DR2

Traditional (top) and new 
(bottom) view of MW disks

𝛂-rich and 𝛂-poor disks

Antoja+2018, Nature, 561, 360 : A dynamically young and
perturbed Milky Way disc 

https://uhttps/ui.adsabs.harvard.edu/abs/2019MNRAS.486.1167B/abstracti.adsabs.harvard.edu/abs/2020MNRAS.494.3880B/abstract


Key results (as from GALAH Survey webpage)
Ø Dissection of the stellar disks
Ø The accreted halo
Ø Chemical tagging
Ø Lithium*
Ø Calibrating other surveys 

* Lithium (7Li) measured from 6708 Å line à optical spectra, medium-to-high resolution works better

• RVs and abundances used to untangle kinematical halo signatures
• Chemical tagging of the Fimbulthul stellar stream to ω Centauri
• Orbital & abundance properties of the Helmi streams
• r-process in accreted Gaia-Enceladus show higher ratios of [Eu/Mg] than in-situ



Simpson+ 2020 Matsuno+ 2021

The GALAH Survey: Chemically tagging the Fimbulthul R-process enhancements of Gaia-Enceladus in GALAH DR3
stream to the globular cluster ω Centauri

Milky Way/in situ    
Gaia-Enceladus

[𝛂/Fe]

[Y/Fe]                                      [Ba/Fe]

[Na/Fe]                                   [Al/Fe]

Milky Way          𝜔 Cen         Fimbulthul

[Fe/H]

Ibata+2021

dominant site of production 
of r-process elements unclear
à Need to compare r-process abu

in different environments

5 candidates, 2-3 good ones

high [Eu/Mg] of Gaia-Enceladus explained by r-process enrichment by 
neutron-star merger

https://ui.adsabs.harvard.edu/abs/2020MNRAS.491.3374S/abstract
https://ui.adsabs.harvard.edu/abs/2021A%26A...650A.110M/abstract


Simpson+ 2020 Matsuno+ 2021

The GALAH Survey: Chemically tagging the Fimbulthul R-process enhancements of Gaia-Enceladus in GALAH DR3
stream to the globular cluster ω Centauri

Milky Way/in situ    
Gaia-Enceladus

[𝛂/Fe]

[Y/Fe]                                      [Ba/Fe]

[Na/Fe]                                   [Al/Fe]

Milky Way          𝜔 Cen         Fimbulthul

[Fe/H]

dominant site of production 
of r-process elements unclear
à Need to compare r-process abu

in different environments

5 candidates, 2-3 good ones

high [Eu/Mg] of Gaia-Enceladus explained by r-process enrichment by 
neutron-star merger

https://ui.adsabs.harvard.edu/abs/2020MNRAS.491.3374S/abstract
https://ui.adsabs.harvard.edu/abs/2021A%26A...650A.110M/abstract


Key results (as from GALAH Survey webpage)
Ø Dissection of the stellar disks
Ø The accreted halo
Ø Chemical tagging
Ø Lithium*
Ø Calibrating other surveys 

* Lithium (7Li) measured from 6708 Å line à optical spectra, medium-to-high resolution works better

• Blind chemical tagging
• Unsupervised classification with t-SNE to detect peculiar objects using stellar spectra
• Recovering Gaia-Enceladus stars with chemistry and dynamics



Buder+ 2021

The GALAH Survey: Classification and                            The GALAH Survey: Chemical tagging and chrono-chemodynamics
Diagnostics with t-SNE Reduction of                               of accreted halo stars with GALAH+ DR3 and Gaia eDR3
Spectral Information

Traven+ 2017

and the same for
logg, [Fe/H]

t-SNE (t-distributed stochastic neighbor embedding) 

210k spectra: 
180k normal, single
30k “problematic”

https://arxiv.org/abs/2109.04059
https://ui.adsabs.harvard.edu/abs/2017ApJS..228...24T/abstract


Key results (as from GALAH Survey webpage)
Ø Dissection of the stellar disks
Ø The accreted halo
Ø Chemical tagging
Ø Lithium*
Ø Calibrating other surveys 

* Lithium (7Li) measured from 6708 Å line à optical spectra, medium-to-high resolution works better

• 100000 stars with Li: investigate why dwarfs show too little lithium and some giants too much
• Accreted stars show same Spite plateau of in-situ stars (cosmological Li problem not due to MW)
• Red clump stars more probably Li-rich than RGB (but Li production general)



Gao+ 2020 Simpson+ 2021

Accreted stars (here GES,
Gaia-Sausage-Enceladus)
also inhabit the Spite Li
plateau

Warmer stars show a Li 
abundance consistent with 
the primordial value given
by standard SBBN (Standard
Big Bang Nucleosynthesis)

Lithium & GALAH

https://doi.org/10.1093/mnrasl/slaa109
https://ui.adsabs.harvard.edu/abs/2021MNRAS.507...43S/abstract


Key results (as from GALAH Survey webpage)
Ø Dissection of the stellar disks
Ø The accreted halo
Ø Chemical tagging
Ø Lithium*
Ø Calibrating other surveys 

* Lithium (7Li) measured from 6708 Å line à optical spectra, medium-to-high resolution works better

• Crucial as a cross-check and calibration of other large surveys
• Largest, very precise RV (0.1 km/s) catalog
• TESS input catalog
• Used by RAVE, GALAH, Skymapper, LAMOST, etc to validate/calibrate



Casagrande+ 2019

SkyMapper stellar parameters for Galactic Archaeology on a grand-scale

è Teff at better than 100K
è [Fe/H] at 0.2 dex

colored by
GALAH [Fe/H]

SkyMapper: 
ANU project, 1.3m tel,
uvgriz

SkyMapper DR1 (now DR2 available worldwide, DR3 only AUS)  
∼9 million stars

https://ui.adsabs.harvard.edu/abs/2019MNRAS.482.2770C/abstract


Talk videos  All talks were broadcast and recorded via Zoom. When available each talk title is 
linked to recording to the talk on YouTube. There is also a playlist for Day 1, Day 2, Day 3

Suggested watching if you want to see/know more on GALAH

https://www.youtube.com/playlist?list=PLECvobBm5FuUfhEXVZcVc1D1nf4pzNLqC
https://www.youtube.com/playlist?list=PLECvobBm5FuX7TEE8k48YUtP8diae975v
https://www.youtube.com/playlist?list=PLECvobBm5FuXj84A_vRrUIzF1OvTxusxK


public               restricted

LAMOST survey contains two main parts: 
the LAMOST ExtraGAlactic Survey (LEGAS), and the LAMOST Experiment for Galactic Understanding and Exploration (LEGUE) 
survey of Milky Way stellar structure. 

The unique design of LAMOST enables it to take 4000 spectra in a single exposure to a limiting magnitude as faint as r=19 
at the resolution R=1800.

LAMOST is a reflecting Schmidt telescope with its optical axis fixed along the north-south meridian. Both the Schmidt mirror 
(MA) and the primary mirror (MB) are segmented. The focal surface is circular with a diameter of 1.75 meters (∼5°), the 4000 
fibers are almost evenly distributed over it.

LAMOST



9,911,337 flux(relatively)- and 
wavelength-calibrated spectra 
9,231,057 stellar spectra,
177,270 galaxy spectra, 
62,168 quasar spectra, 
and 440,842 unknown 
Coverage:
3690-9100 Å at R = 1800

MRS includes the time-domain 
& the non time-domain surveys
Coverage:
4950-5350  and 6300-6800 Å
at R=7000

Publicly released data may be used freely, but should include the following acknowledgment  (see http://www.lamost.org/lmusers/cms/article/view?id=1):
Guoshoujing Telescope (the Large Sky Area Multi-Object Fiber Spectroscopic Telescope LAMOST) is a National Major Scientific Project built by the Chinese Academy of Sciences. Funding for the 
project has been provided by the National Development and Reform Commission. LAMOST is operated and managed by the National Astronomical Observatories, Chinese Academy of Sciences.



Papers with “LAMOST” in abstract612 622
@5 Sep 2021

LR
DR6
MR



Ho+ 2017

Masses and Ages for 230,000 LAMOST Giants, via Their Carbon and Nitrogen Abundances

APOGEE: 70000

LAMOST: 230000

https://ui.adsabs.harvard.edu/abs/2017ApJ...841...40H/abstract


Ho+ 2017

Masses and Ages for 230,000 LAMOST Giants, via Their Carbon and Nitrogen Abundances

Martig+2015 : Red giant masses and ages derived from carbon and nitrogen abundances (APOGEE + Kepler)
use C,N + log g, Teff, [Fe/H] à mass (calibrated with asterosismology) à age

https://ui.adsabs.harvard.edu/abs/2017ApJ...841...40H/abstract
https://ui.adsabs.harvard.edu/abs/2016MNRAS.456.3655M/abstract


Ho+ 2017

Masses and Ages for 230,000 LAMOST Giants, via Their Carbon and Nitrogen Abundances

APOGEE: 70000 ☆

LAMOST: 230000 ☆

https://ui.adsabs.harvard.edu/abs/2017ApJ...841...40H/abstract


Abundances in the Milky Way across Five Nucleosynthetic Channels from 4 Million LAMOST Stars

Wheeler+ 2020

Uses: DR4 LAMOST R=1800 + GALAH DR2 R=28000 spectra + GALAH stellar parameter and abundances +
Gaia proper-motion and parallax measurements 

for dwarfs
[for giants also
Mg, Al, Mn, Ba]

è The Cannon [see L. Spina talk on Day 3]

https://ui.adsabs.harvard.edu/abs/2020ApJ...898...58W


A Large and Pristine Sample of Standard Candles across the Milky Way: ∼100,000  Red Clump Stars 
with 3% Contamination     (and 9% contamination level for ∼210,000 – compare to 20%)

Ting Y-S+ 2018

RC stars very good
distance indicators
[better than Gaia

at large distance]

https://ui.adsabs.harvard.edu/abs/2018ApJ...858L...7T


Exploring open cluster properties with Gaia and LAMOST

Zhong J+ 2020

A few examples of the 295 clusters (and 8800 stars)  

https://ui.adsabs.harvard.edu/abs/2020A&A...640A.127Z%7d


Liu+ 2020

LAMOST Medium-Resolution Spectroscopic Survey (LAMOST-MRS): Scientific goals and survey plan

LAMOST-MRS : million of stars at R=7500 to study:
ØBinarity/Multiplicity
Ø Stellar pulsation
Ø Star formation
Ø Emission nebulae
ØGalactic archaeology
ØHost stars of exoplanets
ØOpen clusters

https://ui.adsabs.harvard.edu/abs/2020arXiv200507210L/abstract


LAMOST Medium-Resolution Spectroscopic Survey

Wang+ 2019 : Properties of Radial Velocities Measurement 
Based on LAMOST-II Medium-resolution Spectroscopic 
Observations 
RVs with precision ≈ 1 km/s for million of stars to G ≈ 15
and very accurate (z.p. ≈ 0 wrt std stars)

Li+ 2021 : Double-, triple-line 
spectroscopic candidates in the 
LAMOST Medium-Resolution 
Spectroscopic Survey
1.3 million DR7 MRS blue arm spectra, 
3133 spectroscopic binary (SB) and 
132 spectroscopic triple (ST) candidates
i.e. 1.2% of the LAMOST-MRS stars.
95% of candidates are new discoveries

SINGLE

double                             double                                triple

https://ui.adsabs.harvard.edu/abs/2019ApJS..244...27W/abstract
https://ui.adsabs.harvard.edu/abs/2021arXiv210900751L/abstract


Overview

• Basic concepts
– Field layout, fibre-target assignment
– Exposures, overheads and S/N
– Sky tiling
– Observing conditions
– Survey duration, feedback loops, catalogue changes

• 4FS simulator
• Area coverage and target densities, special areas
• Exposure times, conditions
• Cadence, variables and transients
• Calibration
• Supplementary targets
• Poor observing conditions programme
• Encoding scheduling drivers

– Surveys, subsurveys

• What can you propose for?
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