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what is RAVE

the RAVE chemical pipeline and chemical catalogue
chemical gradients in the Milky Way

works to come
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RAVE is a large spectroscopic survey which aim to
observe one million stars of the Milky way to obtain:
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radial velocities

stellar parameters (temperature, gravity, metallicity)
chemical abundances

distances

(see M. Steinmetz's talk)




Up to now:
the internal data release holds 276024 spectra
Data published

50296 radial velocities + stellar parameters of 19779 stars
(second data release, Zwitter et al., 2008, AJ 136, 421)
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The chemical processing pipeline relies on databases and
auxiliary softwares.
The most important are:

* a list of absorption lines (with atomic parameters)

* stellar parameters (temperature, gravity, metallicity)

* EWFIND (Equivalent Width measurement code we wrote ad
hoc for RAVE)

e MOOG (code by Sneden 2002, synthesis and LTE line
analysis)

abundance estimations for up to 12 elements (O, Mg, Al, Si, S, Ca,Ti, Cr, _
Fe, Co, N1, Zr)
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[X/H] by SGO5

104 stars from Soubiran &
Girard collection 2005 (SGO5,
A&A 438, 139) observed by
RAVE.

O S/N>80
Y S/N<80

SGOS5 stellar parameter are
here used
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residuals statistic

O = -0.11%0.15 dex
Mg= -0.13+0.13 dex
Al = -0.15+0.10 dex
Si= -0.08+0.07 dex
Ca= -0.09+0.12 dex
Ti= -0.05+0.30 dex
Fe= +0.04+0.06 dex
Ni= +0.08+0.20 dex




Heidelberg, 31 Aug-4 Sept 2009

o

o

<
(8]

Qe
o

o]

I
b
o

(o}
]

o o

X

X
b b bl

e

pe bbb b
TTTTT T T TTIT[TTTT]7
peberre bl
TTTTTITTTIT[ITTIT T

Ca
X
X X
O

><O

o B

x X

[X/H] by RAVE
o o
o (%]

(o)

|

o

&)
X

-1.0

15 el pberri bl

_T' x III|IIII|IIII|III*|I
— 11

X

X

0.
X

Q
OO
X
© 00

o]

bt PRl

bl ol lrirliriils

-15-10-05 00 05-15-10-05 00 05-15-1.0-05 00 05-15-1.0-05 0.0 05
[X/H] by SGO5

104 stars from Soubiran &

Girard collection 2005 (SGO05)

observed by RAVE.

RAVE stellar parameter are

here used

Corrado Boeche

O S/N>80
X S/N<80

residuals statistic

O = -0.14+0.17 dex
Mg=-0.13£0.15 dex
Al =-0.16+£0.14 dex
Si= -0.08+0.13 dex
Ca= -0.11+0.20 dex
Ti= -0.06+0.30 dex
Fe= +0.00+0.23 dex
Ni= +0.10+0.18 dex
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to date the catalogue holds:

e chemical abundances for 87515 stars
up to 12 elements (O, Mg, Al, Si, S, Ca,
Ti, Cr, Fe, Co, N1, Zr)

* kinematic informations
(RVs, proper motions)
* distances (Breddels et al., 2009)
--> absolute velocities, orbits
* stellar parameters (Teff, logg, [M/H])
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Chemical gradients in the Milky Way from the RAVE data

C. Boeche!l, A. Siebert!?, M. Steinmetz!, M. Williams!, P. Ovcirk!, O. Bienayméz, J. Binney4, J. Bland-Hawthorn®, M.
Breddels'!,R. Campbelll, K.C. Freeman®, J.P. FulbrightS, B. K. Gibson’”, G. Gilmore?, E. K. Grebel® 10, A,
Helmi'!,U. Munari'?, J.F. Navarro'?, Q. A. Parker'*!>, G. M. Seabroke®!¢, A. Siviero'?, L. Veltz!, M.C. Smith®, F. G.

L= N s R . T

e e e e e =
Ny W e = O

Watson!®, R. F. G. Wyse?, T. Zwitter!”

Astrophysikalisches Institut Potsdam, An der Sternwarte 16, D-14482 Potsdam, Germany

CDS, observatoire de Strashourg, 11 rue de I'université, F-67000 Strasbourg

Department of Physics and Astronomy, Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, USA
Rudolf Peierls Centre for Theoretical Physics, University of Oxford, 1 Keble Road, Oxford OX1 3NP, UK

Institute of Astronomy, School of Physics, University of Sydney, NSW 2006, Australia

RSAA, Mount Stromlo Observatory, Cotter Road, Weston Creek, Canberra, ACT 2611, Australia

Centre for Astrophysics, University of Central Lancashire, Preston, PR1 2HE, UK

Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 OHA, UK

Astronomiches Institute, Universitit Basel, Venusstrasse 7, Binningen, CH-4102, Switzerland

Astronomisches Rechen-Institut, Zentrum fiir Astronomie der Universitit Heidelberg, Ménchhofstr. 12-14, D-69120 Heidelberg
Kapteyn Astronomical Institute, University of Groningen, P.O. Box 800, 9700 AV Groningen, The Netherlands

INAF Osservatorio Astronomico di Padova, Via dell’Osservatorio 8, Asiago I-36012, Italy

University of Victoria, P.O. Box 3055, Station CSC, Victoria, BC V8W 3P6, Canada

Macquarie University, Sydney, NSW 2109, Australia

Anglo-Australian Observatory, P.O. Box 296, Epping, NSW 1710, Australia

e2v Centre for Electronic Imaging, School of Engineering and Design, Brunel University, Uxbridge UB8 3PH, UK
University of Ljubljana, Faculty of Mathematics and Physics, Ljubljana, Slovenia

Preprint online version: May 13, 2009

ABSTRACT

Aims. We want to measure the chemical gradients along the galactic radius of the elements Mg, Al, Si, Ca, Ti, Fe to provide new
constraints to the chemical evolution models of the Galaxy. Thanks to the sheer number of stars of our RAVE sample we can study
the gradients close to the galactic plane as well as at larger distances by analysing high vertical velocity stars which, along their orbits,

rannh hinhar altifidac feam tha anlantin nlana Tn Aainae an ria nan aviand tha chaminal ceadianta intracticatinm ta tha thial- Aial- otaea

Corrado Boeche

RADIAL VELOCITY EXPERZIMENT




We selected RAVE stars from the chemical catalogue with

e S/IN>50
* 4000<Teff(K)<6600
e dwarf stars
e distances error<30% ---> 3549 stars
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[M/H]

The chemical models predicts that the inner parts of the Galaxy
experienced higher star formaton rate

-->1nner regions are metal richer than outer region

A

d [l;e]gH] =—0.06%0.01dex/Kpc

m

(Friel et al., 2002)
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[Fe/H]

|[Zmax| (Kpe)=0.6

[Fe/H]

L1
T rrrirp T
0.3 <|Zmax| (Kpc)<0.6

[Fe/H]

0.0 <|Zmax| (Kpc)<0.3
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Rm (Kpc)

Rm=(apocentre+pericentre)/2
|Zmax|l=max distance from the Galactic plane
reached by a star along its galactic orbit
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[Fe/H]
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(Friel et al., 2002)




+

[M/H]

TS
+'[;-T"'+

AT [T

[M/H]

HTTHTTTL

[M/H]
# o

CTTTTTT]

i T

Heidelberg, 31 Aug-4 Sept 2009

Rm=(apocentre+pericentre)/2
|Zmax|l=max distance from the Galactic plane
reached by a star along its galactic orbit
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Rm (Kpc)

— 60
4,, 187 stars
3 [M/H]
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(Friel et al., 2002)




|Zmax| (Kpc)>0.6

i

0.0 <|Zmax]| (Kpc)<0.3

[Fe/H]

What do we expect?

thin disk stars: younger, metal rich, not a-enhanced, VLsr~ -10km/s, low eccentricity

thick disk stars: older, metal poor, a-enhanced, ViLsr~ -40km/s, high eccentricity
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1) Stars with [ZmaxI|>0.6 Kpc are thick disk stars
because their kinematic
chemically not representative of the thick disk

(already found by Mishenina 2004, Bensy 2003, Reddy 2006)

® the thick disc extends up to solar metallicities or/and
* they might come from the inner part of the MW (Schonrich & Binney 2008)

their flat gradient means
a) formed 1n a homogeneus medium

b) efficient radial mixing

Mg/ Fe
hypotheses a) and b) are defied by the gradient ¢ | 513 |- ~0.0520.013 dex Kpc

m
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2) Stars with [Zmax|>0.6 Kpc are thin disk stars
because their chemical composition
kinematically not representative of the thin disk

they might be thin disk stars kinematically heated up (Nordstrom 2004,
Holmberg 2007)

kinematic heating require time --> they must be old stars

Why these old stars have such a high [M/H] and are no «-enhanced?

These stars do not fit into the usual Galaxy formation scenario...

RADIAL VELOCITY EXPERZIMENT



C. Boeche et al.: Chemical gradients in the Milky Way from the RAVE data

Zmax range (Kpc) | Fe Mg Al Si Ca Ti
0.0< Znax <03 | —0.0547399° —0.08870%0  —0.073709%  —0.043759%0r  —0.046759%  —0.039759%
0.3< Zyax <0.6 | —0.03973912 —0.030°9919  —0.04670011  —0.027+*0%8 (02770010 _(.044+0912
Zmax >0.6 | 4001475920 —0.021*00%  +0.002°99%  +0.001*0013  +0.0367057  —0.018"095
0.0< Zpax <0.3 | —0.01470%°  —0.01679%°  +0.01573%°  +0.008'55%  +0.014755%
0.3< Zyax <0.6 | +0.00470%5  —0.01279912  +0.008'3%°  +0.007'55%  —0.011709:5
Zmax >0.6 | —0.05273912  —0.04270017  —0.028'391  +0.0157095%  —0.0337593

Heidelberg, 31 Aug-4 Sept 2009

Corrado Boeche



Heidelberg, 31 Aug-4 Sept 2009

|V (km s

100 £

100 f

50 F

50

-100 -5 0 50 100

100 ¢

density

76.0
64.7
53.4
42.1

- 3 any [ I | .
- L] 45
'NET1 FRRERERIT Livuannnns Livannnnis Livaaniiig [T

-100 -5 0 50 100
U (km s77)

—_—

(5
o
h'd

10

[Fe/H]

0.2

0.1

-0.0
-0.1
-0.2
-0.3
-0.4
-0.5

o/Fe]

0.10
0.09
0.07
0.06
0.04
0.03
0.01
0.00

32812 stars
S/N>50

Rp=perigalactic
Ra=apogalactic
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