GALACTIC ARCHAEOLOGY WITH HERMES

WHAT WE HAVE LEARNED FROM GALAH DR3
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GALAH Faint

GALAH+ DR3 (Buder et al.. 2021. arXiv:2011.02505): ~ 600 000 stars



https://ui.adsabs.harvard.edu/abs/2020arXiv201102505B

Galactic Archaeology with HERMES

Overview of the survey and its motivation: De Silva et al. (2015)
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Coverage:

spatially (81% < 2 kpc) + A (30 [X/Fe]!),
Quality vs. Quantity: Nr. = 0.6-1.0 Mio, S/N = 50, R = 28,000,

Complementarity:  100% Gaia (1.5% w unc.)! + TESS + K2
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Lessons from GALAH DR3
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Science GALAH DR4

Chemistry + What can we
Dynamics + Ages do better?
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Exploring the Milky Way with GALAH DR3

600,000 stars
of the Milky Way

2/3 dwarfs, 1/3 giants

62% young low-a disk
9% young high-a disk
27 % old high-a disk
Ao . B (MPLA, HYUAD) 2% with [Fe/H] < -1
4% kinematic halo
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GALAH DR3 Is easy to access!

Sven Buder (ANU)

GALAH

GAlactic Archaeology
with HERMES

2 clicks

www.galah-survey.org

DATA RELEASE3 ¥ GALACTIC ARCHAEOLOGY THE SURVEY ¥

The formation and evolution of galaxies is one of the great outstanding
problems of modern astrophysics. The goal of galactic archaeology is to
uncover the history of the Milky Way and how it formed and evolved. The
GALactic Archaeology with HERMES (GALAH) survey is a Large Observing
Program using the HERMES instrument with the Angle-Australian Telescope.
HERMES provides simultaneous spectra for 400 stars at a time. We are using
this to obtain the highest spectral resolution multi-dimensional datasets for
over a million stars of all ages and locations in the Milky Way to trace the full
history of the Galaxy.

Want to start working right now with GALAH DR3?

The GALAH survey published our third data release on 6 November 2020. For
almost 600,000 stars, we provide reduced spectra, stellar parameters and up to
30 elemental abundances.

If you want our best effort stellar parameters and elemental abundances, we
recommend the GALAH_DR3_main_allstar_v2.fits catalogue.

& Get GALAH DR3 catalogues

& Get GALAH DR3 spectra

B Read the DR3 documentation

THE DETAILS ¥

ol

THE RESULTS ¥ CONTACT ™

3 clic

S

Q


http://www.galah-survey.org

What have we learned
with GALAH DR3 + Gaia?
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[Li/Fe]

[Me/Fe]

Element abundances in the Milky Way

[Fe/H]
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Enrichment/depletion
imprints different patterns

onto different elements
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THROUGH THICK AND THIN DISK
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Adding dynamics: Chemodynamics
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Accreted stars: Gaia-Sausage-Enceladus
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SUBSTRUCTURE IN THE GALACTIC HALO
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How large is the overlap of the dynamically
and chemically identified substructures actually?
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Buder et al. (2021b)

GSE is dynamically
different from disk

Study chemical
extend via
dynamical selection



What have we learned
for GALAH DR4?



How GALAHSs see the stars
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GALAH Spectrum Analysis

A hybrid of Spectroscopy Made Easy and interpolation methods:

DR1+2: SME + The Cannon
DR3: SME + Gaia DR2

DR4: SME + neural networks + Gaia (e)DR3
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Challenges GALAH has overcome

* Spectrum analysis of up to 1 million optical spectra?!
-> Developed new pipeline to analyse spectra (Buder et al. 2018):
combine classic spectrum synthesis + new data-driven method

fox = f(O|l), = @; - [,, + noise + scatter
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Challenges GALAH has overcome

* Spectrum analysis of up to 1 million optical spectra?!
-> state-of-the-art stellar physics (1D NLTE, Amarsi et al. 2021)
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Challenges GALAH has overcome

* Spectrum analysis of up to 1 million optical spectra?!
-> Classification of spectra by how similar they are:
binary stars, stars with emission, bad spectra, etc.
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Challenges GALAH has overcome

 Many elements, but not enough information on atmospheric
parameters:
-> external info from Gaia + photometry (Buder et al. 2021)
-> external info from asteroseismology (Sharma et al. 2018, 2019)
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Can we use more lines?

1.1 A

L]
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Norm. flux |a.

Measure only a few trustworthy™ lines
Fit stellar parameters first, then
Measure each element individually

Use all reasonable lines and molecules
at once that actually influence the spectra

Sven Buder (ANU)

Cal Ni |

e  (Observation (HIP 67197)

Full synthesis incl. Ca & Ni

Synthesis only with Ca
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How can we do that best? a la “stellar twins” in 3D bins
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Use SME to compute spectra
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Sample stellar parameters + abundances in small bins of Teff/logg/[Fe/H]
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Simultaneous self-consistent abundance fits
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Does this also work for cool dwarfs?
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How can we best normalise continua?
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Use as much as we can from spectra

210115002201239 : Teff=5771K, logg=4.34, [Fe/H]=-0.02, vmic=1.07km/s, vsini=5.7km/s
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Use as much as we can from spectra
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How well does it
WOrk?



GALAH DR4 (left) vs. GALAH DR3 (right)
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HRD: GALAH DR4 (Preliminary) vs. APOGEE DR17 vs. Gaia DR3
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[Mg/Fe]: GALAH DR4 (Preliminary) vs. APOGEE DR17 vs. Gaia DR3
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[Ni/Fe]: GALAH DR4 (Preliminary) vs. APOGEE DR17 vs. Gaia DR3
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[Ti/Fe]: GALAH DR4 (Preliminary) vs. APOGEE DR17 vs. Gaia DR3
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CNO abundances
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CNO abundances
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