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Where are the oldest stars? QRW@WI\TI"E~
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The Inner Galaxy

Artist Impression, Credit: ESO/NASA/JPL-Caltech/M. Kornmesser/R. Hurt



The Inner Galaxy: Boxy, Peanut-shaped Bﬁlge with an X-Shape
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Artist Impression, Credit: Anke Arentsen Background: ESO/NASA/JPL-Caltech/M. Kornmesser/R. Hurt



Side on view of galactic bulge
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Bar major axis:
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Metallicity distribution @W

Metallicity Distribution Function (MDF) in the ARGOS red clump survey (Ness+2013)
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Model with ARGOS/APOGEE data RISTINE
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Why look for metal poor stars m the bulge?

> Fmd the oldest (metal—poor:’ ::{stars in the Galaxy

> Need of a larger sampI _.ff;-_’-ffetal poor stars to study

Ll COmPOnent of thé 'Balgé



Beers & Christlieb 2005

[Fe/H] Term Acronym
> +0.5 Super metal-rich SMR
~0.0 Solar —

< —1.0 Metal-poor MP

< —2.0 Very metal-poor VMP

< —=3.0 Extremely metal-poor EMP

< —4.0 Ultra metal-poor UMP

< —3.0 Hyper metal-poor HMP

< —6.0 Mega metal-poor MMP

Fe/H] = log(Fe/H), — log(Fe/H)q

S _ 
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Beers & Christlieb 2005 Fraction of CEMP ([C/Fe] > +0.7) stars
(Lee+13)
[Fe/H] Term Acronym

0.6F T T Ny
> +0.5 Super metal-rich SMR . s T Square: SDSSISEGUE E
~0.0 Solar — = ]
T 04 E
< —1.0 Metal-poor MP Vi O'4§ :
< —2.0 Very metal-poor VMP < 03 + E
s B oq 5
< —3.0 Extremely metal-poor EMP N 02F @ :
< —4.0 Ultra metal-poor UMP % 0 1_ ® _
= Tk ! @ -
< —=5.0 Hyper metal-poor HMP Z o _ L >
< —6.0 Mega metal-poor MMP I T D DI N NE
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[Fe/H]

Fe/H] = log(Fe/H), — log(Fe/H)q
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Beers & Christlieb 2005

Starkenburg+17a

[Fe/H] Term Acronym
> +0.5 Super metal-rich SMR % Teff=4000, log(g)=1.0

~0.0 Solar _ £
< —1.0 Metal-poor MP g
< —2.0 Very metal-poor VMP x
< —3.0 Extremely metal-poor EMP ;;)
< —4.0 Ultra metal-poor UMP _g
< -=35.0 Hyper metal-poor HMP : O;O T T ST AW A TR IR
< —6.0 Mega metal-poor MMP 3899 P averemath () 4050

Fe/H| = log(Fe/H), — log(Fe/H), CaHK filter @ CFHT
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Metal-poor stars with Pristine %W

Starkenburg+17a

With SDSS
photometry & CaHK

(CaHK = g)y — 1.5(g—1i),
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Metal-poor stars with Pristine %W
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RISTINE

MDF in the SkyMapper/EMBLA

survey (Howes+14,15,16) compared to

the ARGOS survey (Ness+13)

The metal-poor stars in the bulge
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RISTINE
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RISTINE
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black+magenta squares = observed
blue line = proposed
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10- Bayestar extinction map
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Pilot photometry Pristine
colour-colour plot with

spectroscopic metallicities
from EMBLA, ARGOS,
APOGEE

[Fe/H

broadband photometry from
Gaia (with quality cuts)

We thank Louise Howes and Melissa Ness for sharing (part) of the EMBLA and ARGOS metallicities ‘——_____________—_—____________




Pristine in the bulge %@WI\TI?

: 10

-1.957
~ | Pilot photometry Pristine
E -1.07 colour-colour plot with
= spectroscopic metallicities
N e from EMBLA, ARGOS,
& APOGEE
X
@ I
S

broadband photometry from
0_5{' Gaia (with quality cuts)

.(BP-RF;)

We thank Louise Howes and Melissa Ness for sharing (part) of the EMBLA and ARGOS metallicities
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Pristine in the bulge %W

-1.957
~ | Pilot photometry Pristine
E -1.07 colour-colour plot with
= _ spectroscopic metallicities
N e 5 from EMBLA, ARGOS,
Q) — APOGEE
< |
S 9
- broadband photometry from
0 5l Gaia (with quality cuts)

.(BP-RF;)

We thank Louise Howes and Melissa Ness for sharing (part) of the EMBLA and ARGOS metallicities
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1.2
1.0
~6000 stars
0-83 AAT/AAOmega+2dF
c (400 fibres in 2 degree field)
0.6 5
- o4 R~1300 in blue arm
R~10000 in red (CaT)
- 0.2
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Teft, logg, [Fe/H] and [C/Fe]

—— [Fe/H] = -0.8
—— [Fe/H] = -1.8
—— |Fe/H] = -2.7

(3 stars of similar Tes, log g and S/N)

3800 4000 4200 4400 4600 4800 5000 5200 5400
Wavelength (ang)
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Radial velocities, metallicities
(& some abundances?)

Mv"ﬁ WW%

—— [Fe/H] = -1.8
—— |[Fe/H] = -2.7

(3 stars of similar Teg, log g and S/N)

8400 8450 8500 8550 8600 8650 8700 8750 8800
Wavelength (ang)
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Full spectrum fitting of the blue spectra using
the empirical MILES library with the ULySS fitting code (Koleva+09)

> Teff, logg & [Fe/H] down to [Fe/H] = —2.8

— [Fe/H] =-0.8
—— [Fe/H] =-1.8
—— [Fe/H] = -2.7

3800 4000 4200 4400 4600 4800 5000 5200 5400
Wavelength (ang)
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We thank Louise Howes and Melissa Ness for sharing (part) of the EMBLA and ARGOS metallicities #___—_______________________
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Low-|Fe/H] tail and [C/Fe] are still work in progress, using
the synthetic CRUMP library with FERRE (Allende Prieto+06)

> below [Fe/H] = —2.0 (down to —6.0)




FERRE (VMP tail + [C/Fe])

60

Number of stars

40 1 —

A. Arentsen - OCA seminar, Nice, March 26, 2019



000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

A. Arentsen - OCA seminar, Nice, March 26, 2019



000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

= -2.0
o
| O 70
Low extinction o |
: — -1.57
region (EBV < 0.2) P | .
o\ T
| ] S0 13
(dereddened using G -1.07 e L,
PanSTARRS v Aol
Bayestar extinction — |
O -0.5] - 2
map) j

A. Arentsen - OCA seminar, Nice, March 26, 2019



A closer look at the selection %W

for regions with
bl > 7

(EBV from 0.2 - 0.5)

[Fe/H]

(dereddened using
PanSTARRS
Bayestar extinction

map)
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A closer look at the selection %W

for regions with
bl > 7

(EBV from 0.2 - 0.5)

[Fe/H]

(dereddened using
PanSTARRS
Bayestar extinction

map)
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Pristine —1.5 < [Fe/H] < —1.0
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—1.5 < [Fe/H] < —1.0 —2.0 < |[Fe/H] < —1.5 —2.0 < [Fe/H] < —3.0
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Johnson+13 (3 outer bulge fields) Ness+13 (ARGOS fields)
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» We can effectively select metal-poor stars in the Bulge with
Pristine & Gaia/PanSTARRS

» Spectroscopic follow-up has been successful
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» We can effectively select metal-poor stars in the Bulge with
Pristine & Gaia/PanSTARRS

» Spectroscopic follow-up has been successful

Work in progress!
» kinematics
» fraction of carbon-enhanced metal-poor stars

» study some (very) metal-poor stars in detail (select for high-res follow-up)
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