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Summary

e Qaia catalogue will contain physical parameters for
~| billion sources

* parameters mostly stellar T g, log g, metallicity

e based on large grid of model stellar spectra
assuming ID+LTE

e Gaia-SAM group explores more realistic Stellar
Atmosphere Models for benchmark stars

— solar type metal-poor star HD 19445: Ca |l 850 nm
abundance in non-LTE is ~0.1 dex lower than inin LTE

— solar type metal-rich star o Cen A:
Fe abundance in 3D is ~0.1 dex lower than in ID
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| — Gaia

e (aia mission
e (aia science goals

e Gaia instruments and observations
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Gaia mission objectives

* Mapping the Milky Way Galaxy in six dimensions
* Positions of ~| billion stars

— scanning satellite with two viewing directions

— limiting magnitude = 20

— accuracy down to 20 Jas
 Space velocities of Galactic stars

— proper motions for all stars

— radial velocities for objects brighter than | 7th mag
* Physical parameters for all stars
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Gaia mission characteristics

ESAcornerstone mission
Launch date: 2012

Lissajous-type orbit around second Lagrange point

Mission duration: 5 years, final catalogue ~2020
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with Gaia

S C i e n C Stellar physics

Quasars and galaxies

sjoue|d-ox3

Reference frames

Figure: F. Mignard
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Stellar physics

* Physical parameters for large stellar
samples, including rare objects
— advance in stellar interior models

0]

M, |

* Multi-epoch data — variable star physics

|+ Cepheids out to several tens of kpc
10F — distance scale in Universe

Gaia? | 104105106 S]] stars with
- .. parallax
R sy 45 | error<20%
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Galactic structure

The Galaxy — the primary science target

» Stellar kinematics, metallicities and ages
— identification of stellar populations
—> tracing past mergers

e Interstellar extinction measurements
— new map of interstellar medium

* Halo tracers — more accurate halo mass

 Reconstruction of the formation and
evolution of the Milky Way
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Extrasolar planets
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* Planet detection by astrometry

and photometric transits
e Jupiter-mass planets out to 200 pc

2020

2010 e Thousands of new planets
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Gaia instruments

Blue & red Astrometric field
photometer
deteCtOI'S Sky mapper

RVS
detectors

M4/\M’4
beam combiner

Blue photometer:

330-660 nm
Red photometer: || Photometer
650—1000 nm prisms

Radial Velocity Spectrometer: || RVS grating

847—-874 nm (Call triplet) fisgdcslf?;cigr /
resolution 11,500 M5 & M6 Figure:

fold mirrors EADS Astrium
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Simulated PB/RP data for T_=3500 K
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Simulated RVS data

Flux HD 115804 (F3 1) V=10
S/N=130

Call Call P14 Call

i | | | i 1 1 H § i 1 H | i § i | 3 1

8500 8550 8600 8650 8700
Wavelength [A] Figure: David Katz
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Data processing and analysis

— TN

~— I
Raw data, 50 GB/day Gaia Main
total =100 TB Data Base
Gaia

H PAC

" Data Processing and
Analysis Consortium @

Final scientific data |
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PKE';;‘ members

+ 29 at ESA
+ |0 outside Europe
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Gaia | 5rganization
- “DPAC “'&

i
-LA/\ALA/\ ALA/\

CUl CuU2 CuU3
System Data Core
Architecture : : Simulations : ; Processing : :
CU4 CU5 Cué
Obijects : : Photometry : : Spectroscopy : :
CuU7 Cus CuU9

Variability Astrophysical _

Parameters 4
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— ISP CLAPOOPL VOO0 N0 ]
1993 P €S ST TP FTPII v s dosos oo 2020
Proposal NnoOwW
v Concept & Technology Study

I Mlssmn Selection

Re-Assessment Study
] F'hase B1

Definition

- Selection of Prime Cbntractor , formation of DPAC

v

Phase B

Implementation { il

C/D

 Launch - early 2012

Scientific operation

Operation
Stuclles

Sﬂﬁmari Develo

Data Processing

Intermediate Final

Vv Y v

Mission Products

L 4
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Il — Astrophysical Parameters

e Astrophysical parameter determination for Gaia
sources

e Gaia grid of synthetic stellar spectra
* MARCS grid of spectra
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CUB8 — Astrophysical Parameters

 Objectives

— Classify all sources — probabilities for being
star, galaxy, quasar, etc.

— Determine astrophysical parameters
— [ 4 log g, metallicity, a elements, extinction, ...

 Software development

— “General Stellar Parametrizer” will use BP/RP and RVS
spectra, trained on model stellar spectra

 Provide data for training and calibration

— e.g. synthetic and observed stellar spectra
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Gaia grid of synthetic stellar spectra

e Covering HR diagram and large metallicity range

Teff logg [Fe/H]
min 3000 K| -=0.5 -5
max | 50000 K +5.5 + |

+ white dwarfs

e Spectra for 2 wavelength ranges and resolutions:
BP/RP and RVS, mostin ID and LTE

* Provided by several different groups and codes

e Cool stars (4000-8000 K): BASEL, MARCS,
C stars (older MARCS), PHOENIX
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Gaia spectra simulations — BP/RP

T ,=4000 K eoof

logg=4.0 oo E/]AAS:(ES
[Fe/H]=+0.0 |
Flux (ph s’! C stars
sample!)

% difference
to MARCS

400 600 800 1000

Vallenari & Sordo (2008, Gaia-TN) A(nm)

|7 June 2009 Ulrike Heiter - Uppsala - Gaia




Gaia spectra simulations — RVS

T_,=4000 K

logg=4.0

[Fe/H]=+0.0

Flux (ph s! PHOENIX
sample-!) MARCS

C stars

% difference |
to MARCS |
|
Egﬂ. T IBL%E. o .BIISUI T IBE;E B':?'l'}
Vallenari & Sordo (2008, Gaia-TN) Anm)
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MARCS grid of stellar spectra

log Flux cgs)

log (Fqu)é

logg=4.5, [Fe/H]=0 ave
Gustafsson et al. (2008), http://marcs.astro.uu.se
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MARCS grid of stellar spectra

log (Fqu)é

log Flux cgs)

logg=4.5, [Fe/H]=-3 v
Gustafsson et al. (2008), http://marcs.astro.uu.se
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MARCS model flux < observations

1,05 fe el ers s s -

1.00

] A T/ T MARCS Thuillier et al (2004), space T T 7

Sun

g o — o —— — —

Flux 105

. 100 e g R
ratio
0.95

1.05
1.00
0.95

Gl bov e v b b v b v b 7]
3000 4000 5000 6000 7000 8000 9000

Edvardsson 2008, Phys. Scr. T133  Wavelength [A] 50A bins
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Stars

1.05
1.00

0.95
Flux

ratio 4 o5

1.00
0.95

1.05
1.00
095

Edvardsson 2008, Phys. Scr. T133  Wavelength (&) 50A bins
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lll — Validation of stellar models

 Benchmark stars program — Gaia-SAM group
e Benchmark star candidates

e Model validation methods

e Available observations — archives and new

e Examples

— |D non-LTE: metal-poor stars
— 3D-LTE: o Cen A

— ID-LTE, optical vs RVS: 0 Eri
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Benchmark stars

 are carefully selected bright stars
— well-known physical properties;
astrophysical parameters determined with high precision,
several independent methods
e are used for validation of models

— compare dedicated high-quality observations with
synthetic spectra and other observables

— decide on changes of stellar atmosphere models and
synthetic spectra

— derive error estimates for current models
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Gaia-SAM group

* |dentify and develop realistic stellar atmosphere models
applicable to Gaia, using benchmark stars

» Model physics - focusing on
— radiation-hydrodynamics in 3D

— non-LTE spectral line formation

— improved spectral line data

* Parameters — focusing on cool stars — T _, < 6500 K

e People: Uppsala — A. Korn, P. Barklem, B. Edvardsson,
B. Gustafsson, Nice — F. Thevenin, L. Bigot,
Paris-Meudon — N. Feautrier et al., P. Kervella
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Benchmark star candidates
BO A0 FO GO KO MO - Spectral type
-5 . - - . ' : -
Red giants
0 -
Early s F-G subgiants
My 5 F Fdwarfs estars
G-K dwarfs
10 | :
M dwarfs
e [Fe/H]< -0.5
15 ® [Fe/H]>=-0.5 .
-0.5 0 0.5 1 1.5 2
B-V http://www.astro.uu.se/~ulrike/GaiaSAM
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Benchmark star candidates

OF e [FeHl< -05  ----i-cim- i@ - gam-u- -
 ® [FeH]>=-05 . . . . . ..
® subgiants oo 9 g

1 F X alfCen R g.
+  delErn L Qe

e e e R R e R -
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4p---- 8 .’. -------
et E O, 0
5 --------------- [t B | T T r [ :".!
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Model validation

tests planned and observations needed

* Flux calibrated spectra

— flux distributions

— individual strong features — spectral indices
e High-res spectra + interferometry

— metallicity / abundances

— limb darkening

— line profiles
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Observations

e Archives:

— high-res spectroscopy (R >50 000) for most stars,
mostly R <100 000 and wavelength < 800 nm

— flux libraries — ELODIE, MILES, STELIB, CFLIB, Gray, ...

* New: very high-res spectroscopy
— HARPS — 3.6m — ESO — 21 stars, 2007/2008
— SARG — TNG - La Palma — 1| stars, 2007+2009

* New - planned
— high-res spectroscopy: NARVAL — TBL — Pic du Midi

— spectrophotometry and photometry
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New observations - high-res spectra

0 @ SARGspectra ~400-1000 nm - - -« -4~ -

| ® HARPS spectra ~400-700 nm _I___I___I'_!___

; o e 9
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Abundance tests

A5
wavelength
regions

Al
|D-NLTE
A4 %
line data

A3
3D-NLTE

e Issues

— consistency in codes — must aim for real
differential analysis, e.g. opacities |D-3D

— coupling effects (do effects add up or cancel?)
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Example |: Ca Il 850 nm non-LTE

1.0

0.8

0.4

0.6

ez, | solar type
HD 19445 | [Fe/H]=
—0.07 dex L1 2.1 dex

-
''''''
't..

HD 103095 |
] 0 dex J | early K
- [Fe/H]=
B Sun: 0 dex B _|4 dex

Ca abundance difference
non- LTE LTE
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Example 2: o Cen A

e T _=5780K, logg = 4.3, [Fe/H]>0

e HARPS spectrum

e ID LTE analysis (MARCS) + 3D LTE analysis
* Preliminary results

— Better fit to line profiles in 3D, without micro- or
macroturbulence parameters

— Fe abundance somewhat lower in 3D than in ID
— Bigot et al. (2008, Mem. S.A.It. Vol. 79, 670)
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3D-RHD models

0.2 — —
OO;’ 1 1 1 1 1 1 l 1 1 1 L 1 1 1 1 1 l 1 1 1 L 1 L 1 L 1 \ 1 L 1 L 1 L 1 L 1 \__
585.17 585.18 585.19 585.20
A [nm]

Disk-center line profiles

Disk-center surface intensity Figures: L. Bigot
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o Cen A

1.2

T

0.8

T

0.6

T

Normalized flux

0.4

Fel 675.015nm g, |

Observations
Calculations

1

AOQ = log ¢ = 7.82 0

Vmicro = 0.8 km/s, Vmacro = 3.3 km/s

674.98 675.00 675.02 675.04

Wavelength [nm]
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1.0

0.8

0.6

Relotive flux

Fe 1 675.015 nm e

A2 =log ¢ = 7.55 0.2

T T T l T T T I T T T I T T T I T T T
1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

O,D 1 L1 11 I L 111111 I I TR T T T T N - I § I N T N N T I § I TN N N T T I L1l I | I N T
674,940 674,950 EB74.960 EB74.570 .
Wavelengths [nm] shift: —0.05nm
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Example 3: 0 Eri

e T4=5035K,logg=338,[Fe/H]=0 A5

e V. Makaganiuk (PhD student, Uppsala) | Wavelength
regions

e SARG spectrum
e MARCS models, ID LTE analysis
e Fel, Fell, Cal lines — fit = T_ and abundances

e optical (555-675nm) and RVS wavelength
regions analysed separately

e Result: no difference between abundances
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Summary

e Qaia catalogue will contain physical parameters for
~| billion sources

* parameters mostly stellar T g, log g, metallicity

e based on large grid of model stellar spectra
assuming ID+LTE

e Gaia-SAM group explores more realistic Stellar
Atmosphere Models for benchmark stars

— solar type metal-poor star HD 19445: Ca |l 850 nm
abundance in non-LTE is ~0.1 dex lower than inin LTE

— solar type metal-rich star o Cen A:
Fe abundance in 3D is ~0.1 dex lower than in ID
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