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The RAVE       Survey 
•  Spectroscopic high latitude survey  

of the MW 
–  9 < I < 13 

•  GAIA spectral range and resolution 
–  Ca triplet region (8400-8800Å), Reff=7500 

•  6dF at the 1.2m UKST in Australia 
–  100-120 fibres 
–  38 sqdeg FoV 

•  Scheduled operation: 2003 – 2012 
–  7 nights per lunation up to 8/2005 
–  25 nights per lunation since 8/2005 

•  560000 spectra (Aug 2012) 
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Radial Velocities: DR4 Internal errors 
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             : current status 

2003/04/11 to 2005/04/02 

Aug 2012: 560,000 Spectra 
           www.rave-survey.org                                        



Trends with S/N 
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Figure 17: Calibrated [M/H] versus SNR for the selected RAVE stars. One can notice the

pixelisation at low SNR (SNR< 35 pixel�1), due DEGAS.

with SNR, down to SNR> 15 pixel�1 (see Fig. 17). A new algorithm, based on the

Gauss-Newton method is being tested on synthetic spectra in order to minimise this

pixelisation problem.

Figure 18, which shows the calibrated metallicity versus the radial velocity, can

be considered as a first sanity check for our results. Indeed, one expects to see an

increase of the Vrad dispersion at low metallicities, since in that case we are probing

halo stars.

Figure 19 shows the evolution of the metallicity according to the surface gravity.

This plot is complementary to the Fig. 21 which shows the Metallicity Distribution

Functions (MDFs) for di↵erent surface gravity bins (Fig. 20 represents the uncali-

brated results). We can see on both plots that for the lower gravities we get lower

metallicities. This trend is not a bias in our pipeline, because for the lower gravi-
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RAVE DR4 stellar parameters 
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λ range: 8410-8795Å (Gaia wavelength range) 
Resolution R=7500 at 8600Å; Dispersion = 0.4Å/pix 

Chemical abundances with 

From the RAVE  spectra 
we obtain: 
•  radial velocities 
•  stellar parameters 

(effective temperature, 
gravity and metallicity) 

•  chemical abundances  
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DR4 stellar parameters 

16 Oct 2012 Science from the Next Generation Imaging and Spectroscopic Surveys 8 



Going 6D: Distances of RAVE stars 
•  Fit Y2-isochrones to RAVE data/

deduced stellar parameters + J-
K colors 
–  J-Magnitude 
–  Error in J-Magnitude 

•  Check by Monte-Carlo sampling 
•  Result:  

–  1/7 better 25% 
–  1/3 better 37.5% 
–  2/3 better 50% 

16 Oct 2012 Science from the Next Generation Imaging and Spectroscopic Surveys 9 

Breddels et al, 2009 
Zwitter et al, 2010 
Burnett et al, 2010 



Verification for stars with  
Hipparcos distances 
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Breddels et al, 2009 
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Comparison of RV-surveys 



Kinematics vs Chemistry of thin 
disk, thick disk and halo 
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Boeche et al., 2012 

•  highest quality Rave 
Spectra  
(S/N >80) 

•  giants  
(1.0 < log g < 3.5);  
4000 < Teff (K) < 
5500 

•  best chemical 
elements Fe, Mg 

•  other 5 elements 
available 
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Fig. 9. The abundance ratio [Fe/α] versus the abundance [Fe/H] for the
thin disk component (grey crosses, top panel), the dissipative compo-
nent (black points, middle panel), and the accretion component (open
squares, bottom panel), selected by using our modified criteria (see
text). The red line represents the average [Fe/α] of the dissipative com-
ponent obtained by averaging bins of 50 points each, and the error-
bars represent their standard deviation. The red line is reproduced
in each panel as a fiducial line. This figure corresponds to Figure 2
of G03.
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Fig. 10. As in Figure 9 but for the abundance ratio [α/Fe] now as func-
tion of [Fe/H]. This figure correspond to Figure 3 of G03.

reasons, we here abandon the “selection criteria” approach and
try to have a different view of the problem.

Our previous analysis considered the distributions of the
orbital parameters (such as Zmax, Rp, e and Vrot) separately.
However, these distributions are slices in a bigger chemo-
kinematical, multidimensional space, in which the stars lie. It is
therefore possible that some information could be missed when
only the shapes of these distributions are considered, resulting in
a mixup in our separation of different Galactic components. For
instance, consider two stars with Vrot ∼220 km s−1: one can have
a circular orbit on the Galactic plane at the Sun radius R0, and
the other can have Rp < R0, an eccentric orbit and vertical ve-
locity vz large enough to reach Zmax > 2 kpc. It could be hardly
thought that such stars belong to the same population. To avoid
such a trap, we further analyse our sample by grouping the stars
by similar orbits using the e− Zmax plane. The eccentricity gives
the shape of the orbits, whereas Zmax tells us about the oscillation
of the star perpendicularly to the Galactic plane.

In Figure 11 we divide the e − Zmax plane in nine groups of
stars, as indicated by the dashed lines, and we label them from
(a) to (i). We have neglected stars with e > 0.6 because here
we focus on the Galactic disk. In this way we have sorted the
stars into “classes” of orbits: moving rightwards the eccentricity
grows, moving upwards Zmax grows (hence the vertical vz veloc-
ity increases).

By dividing the e − Zmax plane into nine regions, we have
obtained stellar subsamples with narrow ranges in orbital pa-
rameters. For each group we now plot the [α/Fe] versus [Fe/H]
relation and the distributions of [Fe/H], [α/Fe], Rp, Rm, and Vrot,
in Figures 12 and 13, respectively. Panels (a), (c) and (g) of the
aforementioned figures give particularly interesting insights, on
which we now focus.
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Fig. 11. The e − Zmax plane divided in nine panels labelled from (a) to
(i). Here we use the SN60 sample, which counts 9069 stars.

5.1. Identification of thin/thick/diffused stars

In the following analysis we use the SN60 sample, in order
to have a better statistic7. We first study the distributions of
subsample (a), as defined in Figure 11. The stars in this group
(with eccentricities < 0.2 and low vertical velocities) show the

7 We verified that the previous results found with the SN75 sample
are still valid for the SN60 sample.

thin disk 

thick disk 

halo 



Kinematics vs Chemistry of thin 
disk, thick disk and halo 
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Boeche  
et al., 2012 
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Fig. 12. Upper panel: Relative abundance [α/Fe] versus [Fe/H] for the stellar samples defined by panels
(a) through (i) in Figure 11. The histograms represent the Fe distributions with relative scales. Lower
panel: Distributions of abundance [α/Fe] for the stellar samples defined by panels (a) through (i) in
Figure 11.



Dissecting the Milky Way 
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Radial velocity gradient in the extended 
SN (Siebert et al 2011) 
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Assume R0= 7.8 kpc, vc0= VLSR= 247 km/s, ULSR= 0 km/s         
(U,V,W)   =  (11,12,7) km/s 
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Velocity Substructure 
in RAVE 

Williams et al, 2011 
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Apparently*“systema'c”*changes*can*have*interes'ng*effects:*Mary’s*Aquarius*stream*
******************************************becomes*apparent*at*[Fe/H]=P1.2.*

Dots*=DR3,**
Solid*=*K*

Wylie-deBoer et al 2012: 
6 Aquarius stars: -1.28<[Fe/H]<0.98 

deBoer  
et al., 2012 



Follow-up Spectroscopy 
(Wylie-deBoer et al, 2012) 
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Local sample, RAVE vs GCS 
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Wavelet analysis via a trous algorithm (Starck & Murthag, 2002)  
1: Coma Berenice; 2: Hyades; 3: Sirius; 4: Pleiades; 6: Hercules 

Antoja  
et al., 2012 



Non-local samples 
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•  first non-local detection of moving groups 
•  local kinematic groups are large scale features 

•  1kpc from the Sun in R 
•  0.7kpc below the plane 

•  Known groups are shifted in velocity (e.g. 4.) 
•  Dynamical/resonant origin 
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Summary 
•  RAVE survey: more than 500,000 spectra taken 

–  Radial velocities (1km/s) 
–  Stellar parameters 
–  Distances 
–  Abundances 

•  Kinematical Tomography of the galactic disks 

•  Substructure and tidal debris can be found in the 
galactic disks (Aquarius) 

•  Detection of large-scale non-axisymmetry of the 
velocity field in the solar neighborhood 
–  Apparent asymmetry above vs below the plane 


