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e Brief update on Gaia GDR2

e Overview of the Gaia-ESO Public Spectroscopic
Survey

e How and why we use many different reduction
systems

 Why are there such big systematics in abundances?
e Are we doing things the right way?



Gaia DR2: April 2018 ' PAG&E B g

® Five-parameter astrometric solutions for all sources with acceptable formal standard errors (> 10°

anticipated), and positions (e, §) for sources for which parallaxes and proper motions cannot be
derived

® G and integrated Ggp and Ggrp photometric fluxes and magnitudes for all sources
@® Median radial velocities for sources brighter than Grys = 12

® For stars brighter than G = 17, estimates of Teg and, where possible, Ay, based on integrated
photometry

® Photometric data for a sample of variable stars

® Epoch astrometry for a pre-selected list of > 10000 asteroids

Typical parallax precision Photometry limits <2mmag
G=15 30muas, Radial velocity 400m/s 5<G<8 <2km/s to G=12
G=18 150muas 3-5 million stars
G=20 700muas Teff accuracy to 400K
Luminosity to 15%
Radius to <5%

www.gaia-eso.eu



Pleiades
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Gaia: GDR2 in April 2018 GDR1
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Fig. 25. My, (B-V), HR diagram of the Pleiades, with several sets of [
commonly used isochrones (top). Bottom panel is the analogous in the o
My, (V=I),. We assume an age of 130 Myr, solar metallicity, Ay=0.1 [
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http://gaia-eso.eu/
http://casu.ast.cam.ac.uk/gaiaeso/
http://great.ast.cam.ac.uk/GESwiki/GGESHome
http://ges.roe.ac.uk/

Gaia-ESO Survey in a nutshell - Targets

MW field Giraffe: Bulge: mostly giant stars; halo /thick
disc FG TO stars (17 < r < 18);

Large sample of calibration stars — for all surveys

UVES parallels: Solar neighborhood: 5000- star sample.
Look at Mv~5.5 =» unbiased survey to 1kpc at V=15.

60-70 Open Clusters in all phases of evolution

(~1 Myr = several Gyr), sampling the age-distance-R;-
density-mass-[Fe/H]) parameter space.

UVES: Mostly known members (PMS, MS, evolved —
V<16.5) — from 10 to 50 stars per cluster

Giraffe: unbiased samples, photometric candidates (V <
19) — several x 100 stars/cluster



Gaia-ESO Survey in a Nutshell - products

Giraffe, 132 fibers
R=16000-25000, H3...H21
403-476...

Parallel UVES, 6/8 fibers
R=42,000, 520/580 nm
416-617/

Plus ESO archive re-analysis

- ADVANCED PRODUCTS

® RVs (+variability), vsini

® T. logg, [Fe/H], [X/Fe] (Li, a, Fe-, s-,..)

® stellar properties: (activity, M

M, etc.)

acc’




One of the legacies of the cluster dataset

Single star observations

Assign cluster =

b hi Gaia-ESO parameters (X)+
membersnip Gaia parameters (¥) +
evolutionary models

Test models
and

Gaia-ESO data .
isochrones

Gaia data Calibrate and Bayesian Age

assign Determination

absolute ages .'

Calibrate P(Age |X; i;)

empirical age Single star age probability

calibrators distributions

I[terate with
Gaia Data




Calibration Concept

internal calibrations: different stellar types and
settings, several nodes analyzing the same stars
external calibrations: w.r.t other surveys and Gaia
maximize legacy value and provide a rich dataset
for future inter-survey calibration

® RV standards
® Gaia benchmark stars: method/node performances,

internal homogeneization
® Clusters: hot vs. cool; PMS vs. MS vs. evolved; test

metallicity
® CoRoT Red Giants and Kepler Il targets: asteroseismic

gravities and ages




Gaia-ESO Survey - dataflow

8 e Milky Way: : S
Open Clusters: ~ Inner/Outer Disc, Bulge Ny Calibration: |
Old, Intermediate,Young ' E—— ' Gaia Benchmarks, CoRoT,
- g v ~ Globular Clusters
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s Gaia-ESO the right approach?

no-one else is putting in this methods effort

 Involve all spectroscopic analysis methods

e |dentify the dominant systematic variables, and fix them —
version control

e Analyse spectra through all interested groups

 In principle, this allows us to identify both systematic
method errors and random errors

e =» parameter +/- random +/- systematic

e More methods means more information

e Add seismic data for precision and systematics

e Share calibration across all the Surveys

e Bootstrap everything onto Gaia benchmark stars




Big surveys are essential: going from data to science remains a challenge

What can we believe from the famous
public, proven, analysis pipelines?

The figure shows the stellar parameters determined from 7 500 medium-resolution spectra
vith S/N>15 collected so far in the Gaia-ESO survey. The performance of three state-of-the-
art pipelines analysing the same data set 1s contrasted.

TACAIP ‘ MATISSE N

« [Fe/H]>-0.5
+ -1.0<[Fe/H]<-0.5
« [Fe/H]<-1.0

4000 7000 6000 5000 4000 7000 6000 5000 4000
Ty T

Indeed, stellar photospheres are neither one-dimensional, nor plane-parallel, nor in local
thermodynamic equilibrium, assumptions that underlie the vast majority of all published stellar
parameters and abundances. It turns out that these restrictive assumptions significantly distort

the derived results in many important circumstances. 12



Systematic scale differences between surveys

the chemical compositions of the disks

APOGEE data (Holtzman et al. 2015) Gaia-ESO data (Guiglion et al. 2015)
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Note the different vertical scales

The red star, at (-0.5, 0.25) shows the peak of the APOGEE

thick disk star distribution is in the gap between thick and

thin disks in the Gaia-ESO scale (and for most literature).
What chemical evolution model can one deduce?
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Gaia-ESO homogenization(s)

1) we map noderesults to the benchmark stars and to manyclustersto
remove systematics in the Giraffe spectra

2) we use a data model approach for UVES (very many line measures)
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Gaia-ESO homogenization(s)

1) we map noderesults to the benchmark stars to remove systematicsin
the Giraffe spectra

2) we use a data model approach for UVES (very many line measures)

Results for the

Giraffe spectra

scaled onto the
standards

—e—
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Gaia-ESO homogenization(s)

1) we map node results to the benchmark stars toremove

systematicsin the Giraffe spectra
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UVES: Build a statistical model and use MCMC to span the (HUGE) parameter space
6.2 million abundance measurements, 6 nodes, 36 species, 28 elements

The Ensemble Model
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Gaia-ESO: how good are the parameters?
Large scatter between individual determinations of Te
from many pipelines — happily, the noise is correlated

Vilnius
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Node-to-node scatter in effective temperature, o, (K}

Scatter between individual determinations of Te from
many pipelines — happily, the noise is correlated

Use the information to reduce the measurement systematics from 120K to 30K
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CEIEE N0,
why we homogenize

Ba 2 @ 6141.71

5000 6000 7000 8000
teff

Ba/Fe data produced from several pipelines: note different scatter and systematics



4200 4400 4600 4800 5000 5200 5400 5600 5800 6000 6200 6400 6600
TEFF / K




Next year GDR2: add Gaia to good spectra
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Interpolation machines (Cannon)

O  Bensby et al. (2014) Reddy et al. (2003) 4%  Reddy et al. (2006) A Valenti + Fischer (2005)
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Fig. 11.— Stellar parameter (Teg, log g, |[Fe/H|) comparisons for stars in common between this work
and ‘gold standard’ studies that use high-resolution, high S/N spectra and Hipparcos parallaxes
where available: Bensby et al. (2014); Reddy et al. (2003, 2006); Valenti & Fischer (2005). Stars
are colored by the S/N of the RAVE spectra.

Many recent studies treat spectra via a simple data model.
No astrophysics. eg 1706.00009

WHY DOES THIS WORK?

Spectrum analysis does not extract the full information content.




Gaia-ESO Survey (GES)

The IRON spectrum is of vital importance to obtain stellar
metailicity. A study of the Te I spectrum within the GES spectral
range revealed over 500 hnes that are strong and unblended in
steliar spectia.

Lab data are essential

445 lines were qood candidates for stody
167 had inaccurate atomic data

120 were shsent from the |lrerature

Existirng oscillator strengths ‘ﬁ%} New Laboratory Measurements

During the last years, our group has measured pew OSCHLATOR STRENGTHS
(F-valur ) for hundreds of nansiions of Fe | in the lahoratory {2-4]. Around 50 of
them are urgently needed by GES.

To assess their impact on stellar spectral syntheses, we determined line-by-line
solar Fe abundances for those that are unblended n the Sun and have good
broadening parameters and continuum placement.

Work by
Belmonte & Pickering
IC London
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Gaia-ESO summary

More lab data are invaluable

No single analysis system is robust — why?
All analyses need calibration — why?

Random and systematic uncertainties matter
Robust science needs robust calibrations

We use asteroseismic results as sanity check — with GDR2
we will include log g as a constrained input.

Purely signal-processing approaches seem to do well. So
what are we missing in detailed astrophysical studies?

Gaia GDR2 in April 2018. GDR3 in 2020. GDR4, GDR5...

WWW.gaia-eso.eu
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