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Background



Mitw‘j W&v disc asvmme&ries

o To a first approximation, the Milky Way disc is assumed to be axisymmelric
and in equilibrium.

o AsvmmeErées have gained émPor&ahﬁe due to:

- High-quality spectroscopic and astrometric data (GCS, RAVE-TGAS,
APOCGEE-TCGAS)

- Volume expansion

o Indication of such asymmetries

- Overdensities in the Llocal veioai&j space (moving groups or skreams, e.q.,

Dehnen (2000))

~ Stellar streaming motions detected in the extended solar neighbourhood



Mi;twv wmj disc asvmmeEries
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Figure 3. Projection of the mean RAVE v),s on the Galactic plane in distance intervals of 200 pc in the direction of the Galactic centre
(|I]| < 5°) and anticentre (175° < | < 185°) for our two samples. Left: full sample containing 10682 stars. Right: red clump sample
containing 1328 stars. The open circles are our data with 1 — ¢ error bars. The dashed curve corresponds to a thick disc model with no
net radial motion, while the full curves are for a thin disc with a radial velocity gradient of 0, 3, 5 and 10 km s—! kpc—! from top to
bottom.

Credit: Siebert et al. (o011)



Mitw‘j W&v disc asvmme&ries

o Besides radial asymmetries, structure has been found also in the
direction perpendicular to the Galactic disc.

s Radial ve.to«ai,&'j gradient

- Inkernal Fee.r%urbaﬁmns

o Vertical velocity structure origins debatable:
- Gomez ek al. (013): passing of the Sagittarius dwarf galaxy
~ Widrow et al. (2014): dark matter subhalo
- Internal perturbations

- Cralactkic Warp
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Credit: Williams et al. (2013) (modified)

s Williams et al. (2013) :
- RAVE radnciump stars

- Compilation of proper
mokions

- Rarefaction-compression
behaviour
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s Williams et al. (2013) :
- RAVE reciwctump stars

- Compilation of proper
mokions

- Rarefaction-compression
behaviour

o Breathing mode:

- 0dd [aacriEj tn the verkical
velocity distribution of stars

- Even Fw\ri,?:j i Ehe demsi,&j
distribution



Breathing and Bending modes

s Bending mode:

South .
Middle

- Even par&&v it the
vertical vei.o&i&v
distribution of
stars

- 0dd pm‘i&v i khe
ci&mswj
diskribubtion

Credit: Heidi Jo Newberq



Breathing and Bending modes
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AtLmws

o Extend Williams et al. (2013) analysis:

- Combine Graia DR1 with RAVE DRS (Kunder et al.
2016)

- Increasing the number of stars through inclusion
of stars that are not in the red-clump

- Using better proper motions and distance estimates

- Study with higher accuracy the actual vertical
velocity pattern of the extended solar
neighbourhood.



E FIFTH DATA



RAVE FIFTH DATA RELEASE

s RAVE DRS vs RAVE DR4:
- Contains $20,7¥1 spectra of 4878%% unique observed stars
- Additional ~ 30, 000 RAVE spectra compared DR4-

- Improves the distance pipeline of DR4, especially for the
metal-poor stars

- New calibrakion tn iks skellar parame&ers imprmvi%g their
accuracy bv up bo 18% tom?ared o DR4

- With alwost 286,000 s[ve_«c&ra Ehat overto\p with a TGAS star,
largest overlap with the TGAS catalogue in comparison to
ahy spectroscopic survey to date.



RAVE DRS sample

e Williams et al. (2013):

- 72,638 red-clump stars obtained from the RAVE internal third data
release

- Compilation of proper motions catalogues based on their reported
uhcertainties

s Our sample:
-~ Proper motions from the Tycho -2, PPMXL and UCAC4 catalogues
- More homogeneous proper motions
- Better distance estimates

- More aaaur&&eiv derived velocikies
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Observed dependence of
vertical qutm:i&v on proper

motions, points towards the
need ko use mwore accurake

data.
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The ESA Gaila mission is thus
crucial i understanding the
origins of the vertical

z [kpc]

skreaming motions observed
it the Mif.l&‘j ij.




DECOMPOSITION OF THE
VERTICAL VELOCITY
PATTERN



Gralactocenkriec vertical vetof:ibj

V, =V, sin(b) + Vj - cos(b)
Vips = Vigq + (Solar motion)

Vi, =4.74 - d - 41 + (Solar motion)



Cralaxia mock RAVE samgm
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Cralaxia mock RAVE samgm

The different Vb
Fm&&erhs
dependen& mainly
own the proper
motions, with the
distance
thereasing iks
ampli&ud&.
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Distance estimatbe

s The RAVE-TGAS sample makes use of the Astraatmadja & Bailer-
Jones (2016) and and McMillan ek al. (2017) distance estimates.

o Adc:p& the inverse parallax as the distance estimator, we
encounter two important issues (Aiscussed bj Bailer-Jones
(2018)):

- (i) the estimator fails for neqgative TJ , even though these

are valid measurements (see Bailer-Jones 2018 for further
dekails)

- (it) For “fro\t:ﬁmmat Parattax errors f obs — O / w > 02

using the inverse parallax creates a skewed diskribution which
gives a biased distance estimator.
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The (:vasis&amcvj on the distance values between both estimakes is very good. The right
F’&V\Ei., however, shows that most stars have smaller relative uncertainties when using the
Memillan estimate, Due to the aoms&s&emav between the diskance estimates we want to
further s%u,ci'j the ABJ distance uncertainties,



Diskawnce eskimalbe @omparisam

Density

AABJ —DR5 AABJ —DR5 AABJ —DR5

Ideally, the histograms would have a mean value of zero (no biases in one
measurenent versus another) and a dispersion of unity (consistent with the
uncertainties being correctly estimated).
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Grata’s vertical streaming
motions
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Grata’s vertical
streaming motions

In contrast to previous
results suggesting a breathing
mode par%urbaﬂov\, our
amabjsis su.ppor?:s a
combination of breathing and
bending mode.

Graia DR2, which will both
cover a significantly Larger
volume of the Milkey Way disc
and improve significantly the
data systematics may solve
the question whether the
Milley Way is still just
breathing.
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