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Intermediate resolution (R~7500)
425 561 stars, : _ Stellar Heliocentric Radial Velocities
482 430 spectra (DR3: 77 461 stars) “
9 <1<12mag

Database:

v' Radial velocities

v' Spectral morphological flags
v Ter, 1099, [M/H] soums

10... 50 km/s

v Mg’ AI! SI’ TI’ NI’ Fe S0 10 ke
v Line-of-sight Distances
v Photometry:

DENIS, USNOB, 2MASS, APASS
v' Proper motions:

UCAC4, PPMX, PPMXL, Tycho-2, SPM4

Kordopatis et al. 2014 - VizieR

Sharma talk



HERMES @ AAT (first light 2013B)

S12M investment up front: 400 fibres over
2° field, optical

New $12M 4-arm spectrograph, R=30,000
~250A bands in bvri
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The GALAH survey

- Large observational survey with HERMES @ AAT

- Measuring radial velocity and 30 abundances for 1
million stars in the Milky Way @ R=30,000 in 4 optical
bands

- Galactic archaeology: exploring the history of
 Star formation
« Chemical evolution
« Dynamical evolution
« Minor mergers
In the Milky Way

- Near-field cosmology: use the local environment to get
a close-up view of universal processes, esp. early
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lambda




Element

Measurement Error

Light Elements

Li 0.06

Alpha elements:
O 0.07
Mg 0.05
Si 0.05
Ca 0.04
Ti 0.06

0Odd-Z elements:
Na 0.09
Al 0.04

Fe-peak elements:

Cr 0.06
Mn 0.05
Fe 0.03
Co 0.05
Ni 0.03

Light s-process:
Zr 0.12

Heavy s-process:
Ba 0.08
La 0.08

r-process elements:

Eu 0.06

e Abundance accuracy from literature

studies using R ~25,000 — 30,000 and
SNR ~ 100

* Measured via ‘Equivalent Widths’
and / or Spectral synthesis techniques

Best measurements
in star clusters

Ref: Pancino et al. 2010; Jacobson et al.. 2009;
Carney et al. 2005: Yong. et al.. 2005; Friel et al.. 2003
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GALAH Survey

 High resolution
- R~28,000 SNR ~ 100 pel
 Large, diverse sample

- All stars 12<V<14, 5<+10° , |b|:
targets

- Galaxia: 75% thin disk, 24% thi¢ .
 Relatively bright stars
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GALAH Survey — Year 1

Pilot survey (87% complete
Regular survey

K2 field
Test field

Status on Now. 4, 2014:
80,000+ stars

220 survey fields

97% through GAP pipeline



GALAH and Gaia Gaia 1s a major element of

the GALAH survey
Gaia (2014-19) will provide precision astrometry for ~10° stars

For V<14, 6,=10 pas, o, =10pnasyr-!  Gaia at its best !

(1% distance errors at 1 kpc, 0.7 km s-! velocity errors at 15 kpc)

—> accurate transverse velocities for all stars in GALAH

—> accurate distances for same

—> therefore accurate color-(absolute magnitude) diagram:
independently check that “tagged” groups have common age

— major implications for stellar astrophysics before galactic
archaeology, e.g. correctness of 3D atmospheres, much improved
abudance scale, seismic parameters, ages...




GALAH pilot survey projects

2016 A data re

ease

Kepler-2 co-observing

« 1385 stars, color-
selected

« Compare to
asteroseismic log(g)

* Improve asteroseismic

CoRoT co-observing

« 2098 stars, no color
selection

« Compare to
asteroseismic log(g)

* Improve asteroseismic
scaling relations

/

/

Survey targets

2095 stars, no color
selection
Chemical history of the Milky

Cluster stars
« 287 stars, carefully

selected
* Pipeline verification

@ YV

PP e PR

Way

Thin vs thick disk

« 7503 stars, color-
selected

* Normalisation
between the two
populations

e Separation in
chemistry vs
kinematics

Exoplanet hosts
« 2 stars, serendipitous
« WASP transiting planets




Diffuse Interstellar Bands In
GALAH Spectra
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High Velocity Stars in GALAH
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GALAH Stars with Peculiar Spectr

Double-lined spectroscopic binarie
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Element abundances:



Gaia-ESO Survey: The analysis of high-resolution UVES spectra of
FGK-type stars™
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First test: GAP reduction pipeline = abundance calibration
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Figure 26. shows the extracted and normalized solar spectra from the four HERMES channels




br the 209 converged
were T.rp = 5837K,
First test: grabbed from internal report |pted T.;; = 5780K,
.y = 57K, A logg

— U.U3 alld Ajre/ri| — —U.114dex.

Twilighf, 400 fibres Wylie de Boer (Lead), Sneden, d'Orazi

L]

; 5 va#ﬂ#«aﬁﬂﬂrfwmﬂwg?gﬁm
K ® ]
15 )
%ml—-1-—-.—'—-——-—-—‘——-—-...‘--—---"-‘—T--___,,_,:_..:-_..."___:_'_.____'_-,__-r:__,_____w_“_,r_-_-_w____‘__,________‘-'_rr_r_‘-F'-___.'_
Gl'.'l LT} Lii] L] i i} 2‘.“0-\'.'! 200 30
Theremin/MOOG Blue dots - not converged
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Second test: observe Gaia benchmark stars

Astronomy

Astrophysms

Gaia FGK benchmark stars: Metallicity***
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Table 1: The 34 Gaia FGK Benchmark Stars, with parameters from Jofré et al.,
2014. Those marked with an X have been observed by GALAH. Those marked
with an O are able to be observed by GALAH. The remainder are Northern GBS

Second test

stars.

Gaia FGK Be Star ID | Med-res High-res | Teff | log g | [Fe/H]

0 ' 18 Sco X 0 5747 | 4.43 0.03

61 Cyg A 4339 | 4.43 | -0.20

61 Cye B 4045 | 453 | -0.27

3 Ara O O 4073 | 1.01 0.50

1 i Ara O O h84bH | 4.27 (.20

1 Boo 6105 | 3.80 0.25

wCas A 5308 | 4.41 | -0.89

o Cen A O O 5840 | 4.31 0.20

) a Cen B O O 5260 | 4.54 0.24

o Ceti 3796 ) 091 | -0.26

o 7 Ceti X X 5331 | 4.44 | -0.53

g & Hri X X 4045 | 3.¥7 0.13

e Eri X X 5050 | 4.60 | -0.07

3 e For X X 5069 | 3.45 | -0.62

A Gem 4858 | 2.88 0.12

¢ Hya X X 5044 | 2.87 | 0.21

oHot 8 Hyi X 0 5873 | 3.08 | -0.11

A rocyon @t u Leo X O 4433 | 2.50 (.39

e ¥ Phe 0 0 3472 | 062 | ..

- ~ Sge 3807 | 1.05 | -0.31

o Tan X O 3027 122 | -0.23

A Vir X X 6083 | 4.08 0.13

£ba5 7000 e Vir X X 4983 | 2.77 | 0.12

Arcturus O X 4247 | 1.59 | -0.54

Gmb1830 4827 | 4.60 | -1.34

Procyon X O 6545 | 3.99 | -0.02

Sun X X BT80 | 4.44 0.00

Figure 1: HR diagram of the 34 ( HD22870 | X X | 5786 | 423 | -085
HD49933 X X 6635 | 4.21 | -0.39

The 18 benchmark stars successfull HDs4037 | X O |6275| 411 | -2.08
. . .. HD107328 X X 4590 | 2.20 | -0.30
shading is a measure of metallicity, HD122563 | X X | 4608 | 161 | -2.59
HD140283 O X 5720 | 3.67 | -2.41

HD220009 X O 4266 | 1L.43 | -0.67




Second test

0 Jofre table values
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Figure 2: Agcepted stella

r parameters vs those derived by Theremin for 15

GALAH-observed GBS stars and the Sun (as observed by UVES).

Next step - 3D atmospheres (Asplund, Bergemann)



Kepler fields:

K1 fields: Sharma, Stello, JBH (2015) - many problems
K2 fields: Sharma, Stello, Huber (Kepler GA led by USyd)
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Kepler fields: GALAH observations

~leld 0: 0% - 400 stars, low guality K2 data

~leld 1: 0% - low density (V~15) need dark time!
~leld 2: 100% done
~leld 3: 80% done
~leld 4, 5: scheduled to observe




Galactic archacology:



far more efﬁCIent than realrzeﬂ to date
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Early turbulent mixing as the origin of chemical cloud col. density ~ 0.3 g
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The abundances of elements in stars are critical clues to stars’ origins. Observed star-to- — M /M J— U 2
star variations in logarithmic abundance within an open star cluster—a gravitationally

bound ensemble of stars in the Galactic plane—are typically only about 0.01 to 0.05 over 2. fractlon Of CIOUd 9 S
many elements?:2:3,4,5,6,7.8,9 whjch is noticeably smaller than the variation of about 0.06

to 0.3 seen in the interstellar medium from which the stars form0: 11:12,13,14 ¢ js unknown . .
why star clusters are so homogenous, and whether homogeneity should also prevail in 10 are un IfOI’m since
regions of lower star formation efficiency that do not produce bound clusters. Here we r g IObu Iar dens'tles’
report simulations that trace the mixing of chemical elements as star-forming clouds

assemble and collapse. We show that turbulent mixing during cloud assembly naturally

produces a stellar abundance scatter at least five times smaller than that in the gas, which

is sufficient to explain the observed chemical homogeneity of stars. Moreover, mixing



Overview

We know the thick disk is ancient with a distinct chemical and
Kinematic signature, at least for the most part.

0.3

[o/Fe]

0.1

0.0

0.4

0.2

-0.1

14 12 -10 -08

Haywood+13

-06 -04

[Fe/H]

(U + WEp)2 [km s7']

200

150

100

50

]
.
- A .
A
. . ¥
B e e e AT ]
e A e y
A A, N
® At e 4
*e
*e ¢ # o
— a P 'AOQ, —
. o o)
;e Oé A
s e ﬁ@ B a
; ‘ 'O A o m%A ©
Il 1 E 1 L 1 L E 1 1 1 L [ 1 1 IO Il al 0 D
—-150 -100 -50 0

Vise [km s-1]

Bensby+12
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Thick disk
enhanced a/Fe is

— =25, 2, =1x10° M
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excellent news for *

chemical tagging. < 0.05 dex
R .. In8
(Bovy tells us fully " groups

half of the disk !)

Impulsive SF
forms the largest
star clusters and

drives us to high  « -
G/Fe cluster mass x (M)

Fig. 1: The number of clusters recovered from a
simulated GALAH survey, as a function of cluster mass.
Dependences on star formation parameters and
implications for survey size are explained in the text.
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Summary

- Star cluster formation lies beyond our observable
horizon.

- Chemically tagging just a few systems will teach us a
great deal about migration.

- If strong migration is real, in situ information is
scrambled, thus detailed chemistry via GALAH is
essential to progress.

» Reconstructing star clusters is necessary to relate
cluster age distributions to cluster formation history.

* Reconstructed CMFs and alpha/Fe distributions will tell
us about major vs. minor mergers (vs. migration) with
cosmic time.




