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(D Super-Solar metallicity stars & Radial
migration

2 Detection of Metal-rich stars in RAVE

— Spatial distribution
— Evolution of the MDF as a function of R,z
— Orbital characterisation

3 Spiral history of the Milky Way



Introduction:
Super-Solar Metallicity stars

 ISM’s [M/H]: increasing function of time

— Information on the local stellar formation history

« ISM at the Solar neighbourhood: ~Odex

— Homogeneous over few 100 pc (cartledge+06)

o Stellar [M/H]: imprint of ISM’s metallicity
where and when a star was born

Super-Solar Metallicity stars at the Solar neighbourhood:
» Not born locally




RAVE catalogue:
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v Proper motions:
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RAVE’s MDF

DR4: lacking metal-rich calibrators
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RAVE’s MDF

 DR4: lacking metal-rich calibrators

 DR5 (in prep):~150 metal-rich calibrators
(Adibekyan+12, Worley+13)

+ Benchmark stars (Joffré+13)
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RAVE’s MDF

 DR4: lacking metal-rich calibrators

 DR5 (in prep):~150 metal-rich calibrators
(Adibekyan+12, Worley+13)

+ Benchmark stars (Joffré+13)
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Super-SoIar metallicity stars
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Age estimation

Age (Gyr)

Ages from W

Ages from V
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Ages obtained from
the age-velocity

dispersion relation
(Nordstrom+04, Sharma+14)

» Consistent with
being old
populations



Normalised distribution

Metallicity distribution function
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Normalised distribution

Metallicity distribution function
1) R separation
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Normalised distribution

Metallicity distribution function
1) R separation

Entire sample
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Normalised distribution

Metallicity distribution function
2) Z separation
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Normalised distribution
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Metallicity distribution function
2) Z separation
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Normalised distribution

Metallicity distribution function
2) Z separation
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Normalised distribution

Metallicity distribution function
2) Z separation

Only giants
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Normalised distribution

Metallicity distribution function

2) Z separation
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Summary of the Observatios

1.5x10*

v RAVE 1s rich 1n metal- =
rich stars '

v 0Old population (>6-8 Gyr) | m
v'Same (R,z) distribution Ael
for giants
v Almost flat MDF for i []
[M/H]>0.2 dex i 5

000000
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Where do these stars come from?
» Computation of the orbits



Eccentricity determination

Table 1. Parameters for the adopted mass model of the Milky Way.

_ 2o RBn R |2
p(R, z) = 92, exp [—(R +Rd+ 2

Disc Thick Thin Gas

3 discs:
)

Yo (Mg kpe™2)  7.30 x 107 1.11 x 10°  1.14 x 108

P Ry (k 2.4 2.4 4.8
2 spheroids: o Cene) o b6 oo
po 5 Ry, (kpc) 0 0 4
p(R,2) = mY(a + m)8—> exp|—(mro/Teut)”] Spheroid Dark halo Bulge
po (Mg kpe @) 1.26 x 109 7.56 x 108
q 0.8 0.6
~ —2 1.8
- - 3 221 1.8
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Eccentricity determination

3 discs: 5 . T
_ &0 S L L |
p(R, z) = 92, exp[ (R + R, -+ Zd)]

2 spheroids:

p(R,2) = £o

oy Pl mro/ren))

m(R, z) = V/(R/r0)* + (2/qro)?

Solar neighbourhood:

Table 1. Parameters for the adopted mass model of the Milky Way.

Disc Thick Thin Gas

Yo (Mg kpe™2)  7.30 x 107 1.11 x 10°  1.14 x 108

Rga (kpe) 2.4 2.4 4.8
zq (kpe) 1.0 0.36 0.04
Ry, (kpc) 0 0 4
Spheroid Dark halo Bulge
po (Mg kpe @) 1.26 x 109 7.56 x 108
q 0.8 0.6
v —2 1.8
3 221 1.8
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reut (kpe) 1000 1.9

(Dehnen & Binney 98, Binneyl2)
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Outer Galaxy:
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Eccentricity determination
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Eccentricity determination

Inner Galaxy:
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Eccentricity determination

Inner Galaxy:
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~QObservation

Theory

Interpretation (1):
Spiral history of the Milky Way

* Given ISM’s metallicity gradient:
o[M/H]/6R ~ -0.06 dex kpc! (Smartt & Rolleston97; Balser+11...)
»>Stars born well inside R,.

Stars with [M/H|=0.2 dex: R,.,,;, < 6kpc
Stars with [M/H]=0.4 dex: R, ;, ~2kpc
e Radial migration: (Sellwood&Binney02...)

(1D Churning: Co-rotation resonances
with spirals

> Ae/At~0
@ Blurring: Lindblad resonances

. > Ae/lAt+#0
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Theory

Interpretation (1):
Spiral history of the Milky Way

* Given ISM’s metallicity gradient:
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Theory
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Interpretation (2):

“Radially migrated stars seen >0.8kpc

 Radial migration probability is :
insensitive to the extent of a star's Ry
excursions perpendicular to the plane és

Binney & Tremaine08: “The gravitational field of
a splral structure with radial wavenumber k
varies with exp(-k|z|)”

» Influence of a wave on stars: < 1/k from the
plane

» The radial wavelength of spiral structure is no
smaller than ~1kpc
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Interpretation (2):

“Radially migrated stars seen >0.8kpc

 Radial migration probability is
1insensitive to the extent of a star's & =
excursions perpendicular to the plane Sy

Solway+12: Dynamically heated stars
migrate as easily as
dynamically cold stars

Vera-Ciro+14: Only dynamically cold
stars migrate.

v The radial wavelength of spiral structure is no
smaller than ~1kpc




Summary & Conclusions

v'Super Metal-rich giants in RAVE have a “flat”
MDF from 0.1 < [M/H]< 0.35 dex

v'Stars formed well inside R_ (bar/bulge region?)
v Located up to ~1 kpc from the plane
v'Same distribution inner and outer Galaxy

v Circular orbits:

»Stars scattered through co-rotational
resonances with the spiral arms

»Spirals in the MW are strong, with large spiral
structure



Thank you for your attention



[-0.2;-0.1] [-0.1; 0.0] [0.0;0.1] [0.1;02] [0.2;0.3] [0.30.4] [0.4; 05]
1 918 295 | 58

563 F 111

38




1.0

[ 0.3; 0.4]

[ 0.4; 0.5]

[-0.2;-0.1]

5090

2 4 6 8
r

peri

2 4 6 8

r

peri

2 4 6 8

r

peri

[ 0.0; 0.1] [ 0.1; 0.2]
1244 '

[ 0.2; 0.3]

918

295

563

38
2 46 8 24638 2468 2 46 8
rperi rperi rperi rperi



Table 2. Median and interquartile values of the eccentricity distribution of the selected RAVE giants quality sample at three Galactocentric regions.

Metallicity range (dex) [-0.2,—0.1] [-0.1,0.0] [0.0,0.1]  [0.1,0.2]  [0.2,0.3] [0.3,0.4]  [0.4,0.5]
6.5<R<T7.5 0.1819-28  0.18702% 0191028 0.18702%  0.1970-28  0.207020 0.1870%

= +0.21 +0.21 +0.22 +0.20 +0.23 —+0.25 -+0.23

75<R<8.5 014920 0141020 0141022 0137029 0.16102 018702 0147023
85<R<9.5 0.1619-20  0.177021 018102 0167027  0.197028 016792 0.10702







Normalised distribution

Metallicity distribution function
1) R separation
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Normalised distribution

Metallicity distribution function
2) Z separation
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