The Galactic Chemical Evolution:
an observation overview

up%gs Alan Alves Brito ‘A

UNIVERSIDADE FEDERAL Precision Spectroscopy 2016
DG R OME 1D A Porto Alegre, September 20




Kobayashi et al. 2006
Karakas & Latanzio 2014

rgalactic medium

Galaxy formation

Thanks to Letizia
Stanghellini




Introduction

“Biased” Main Results

Stellar PoPs: fundamental problems/concerns/
questions

2 high precision spectroscopy: abundances,
nucleosynthesis and chemical evolution

Chiaki Kobayashi (chemical evolution models)

Amanda Karakas (heavy elements)
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~F, G, K and M: dwarf, sub-giant and giant stars

~ Dwarves, sub-giants and giants In star clusters
~ Dwarf, sub-(giant) stars in gravitational microlenses

o Other tracers: Cepheids, OB stars, PNe, satellite
dwarf galaxies, etc
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spectra @ optical and IR wavelengths

data reduction continuum normalization
heliocent ric radial velocity EWSs, T, logg, v, [Fe/H]

atomic data: loggf, damping ctes spectrum synthesis
MARCS and Kurucz models



e.g. Tinsley 1979; Chiappini et al. 2004; Kobayashi et al. 2006
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Matteucci & Brocatto (1990)




~ Solar abundance pattern

<~ MDF: distribution of stars vs fe/h, age-fe/h and SFH

~ Evolution of abundance ratios

~ SFR and SN rates
-~ Age-metallicity relationship
-~ Gas and abundance gradient

~ Isotopic abundance

the distribution of stars as a function of
metallicity, since this represents the
convolution of the age—-metallicity
relationship and the star formation
history



Results for the Galactic Bulge
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OPTICAL IMAGE
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The Infrared Sky The Milky way as compiled
from a quartes billlon stars in the 2MASS catalogs

see also Elmegreen et al.




CMD @HST

t = 10Gyr ([Fe/H] = 0)
Unevolved MS
t = 10Gyr ([Fe/H] =0.5)

t=GC +- 2.5 Gyr

(Ortolani et al. 1995;
Zoccali et al. 2003)

~245,000 stars

l,Lb =
10.25,-20.65

Sahu et al. 2006
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Gonzalez+ (2015) and

Hill+ (2011)

Bulge

Allende Pietro et

Solar, scaled to the peak number

of bulge stars
al. (2004)
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Lecureur et al. 2007 and previous works
FLAMES:UVES@VLT: R = 20,000 - 40,000
The bulge chemical enrichment is dominated by SNII

(massive stars)

W |t must have formed faster than both the thick and thin disks
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Meléndez, Asplund Alves-Brito et al. 2008, A&A, L 484, 2

Phoenix@Gemini-S : R = 50,000

[(C,N,O)/Fe]: bulge and thick disk are

indistinguishable
che s oaa SRSNAta L A[O/Fe] = 0.03 £ 0.09 dex
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Gonzalez, ..., Alves-Brito et al. 2011, A&A, 530, 54
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Bensby, Alves-Brito, Oey et al. 2010, A&A, 516, 13
MIKE@Magellan: R = 55,000 : S/N = 100 (44 giants : 3-7 kpc)
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Howes et al. 2016

- The EMBLA (Extremely Metal-poor BulLge stars
with AAOmega) Survey successfully searched for
old, metal-poor stars by making use of the
distinctive SkyMapper photometric filters to
discover candidate metal-poor stars in the bulge

- Their metal-poor nature was then confirmed using
the AAOmega spectrograph on the AAT

~ 10 bulge stars with -2.8<[Fe/H]<-1.7 from MIKE/
Magellan observations
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Gravitationally-bound systems of ~10°Msun

J Among the oldest objects in the universe

Jd Very bright in external galaxies

1 Present in all Hubble morphological types

Harris 1991; Gratton et al. 2004; Brodie & Strader 2006
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Characterizing a SSP:

(Renzini & Buzzoni 1986)

J Age
- Composition (Y and Z)
d IMF
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Yong, Alves-Brito et al. 2014 e~ ,

. 1.0F No Mg I A ‘ 3
< Our analysis reveals no g ® +§ LS B
+ % L4 * r’

: C . e M SR > RS SN SRS
evidence for an intrinsic o.o::u:t%;imﬁ.m% e
. . . . . R Sl i I o ;
metallicity dispersion in B e e s - e s
1.0 > oo a + 1T e
. 0-55: }5} ‘}u ’,;“{2@”%:?? **:wu"‘&’}gi«.{‘? ”’* wtz
W i il §.0 iodiionass” S Al Nk o :

~ The globular clusters R o s e E—

with metallicity | :
dispersions are ool g YR st Mp e
preferentially the more ¥ TR b e 1
luminous objects and DI U TP RS DR SN
t en d t 0 h qve eXt en de d ooa““:&w’ti{ ....... PRI T3P S R .
horizontal branches. e =

_ [Fe/H] [Fe/H] [Fe/H]
NGC 6366: Puls, Alves-Brito et al. 2016, in progress




MD mul,modal sequences : C-N, O-Na, Mg-Al
anticorrelations

« Self-enrichment early on

* H-burning ashes (2P)

* 1P: more massive fast-evolving stars
Polluters

* Massive AGB stars: M~6—11Mx

* Supermassive stars

* Massive stars in close binaries

* Fast-Rotating Massive Stars: Minit > 25Mx
* High-mass interacting binaries (10-20M=)



Results for the Galactic Disk
(dwarfs+giants)
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Similar division of the stellar

(1998, 2000, 2004, 2008,

1 l | 1 1 I
a major difference is
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(Si/Fe] [Mg/Fe]

(Ti/Fe)

Bensby, Alves-Brito et al. 2010; 2011

Solar neighbourhood: R;=8 kpe

Outer disk: 9<R;/kpe<13

Inner disk: 4<R;/kpc<7
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Shortly thereafter, Cheng et al. (2012) used 5650
stars from the SEGUE survey and confirmed the
short scale-length of the thick disk.
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Results for the Galactic Halo
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Ground-based Surveys



Gaia-ESO Survey (Gilmore+ 2012,
Randich & Gilmore 2013)

APOGEE (Allende-Prieto+ 2008)
SDSS (York et al. 2000)

SEGUE (The Sloan Extension for
Galactic Understanding and
Exploration Survey; =240,000
moderate-resolution, R ~ 1800; Yanny
et al. 2009)

RAVE (Steinmetz et al. 2006)



Forthcoming multi-object spectroscopy instruments
d LAMOST (Zhao et al. 2006; Cui et al. 2012)

d WEAVE (wide-field multi-object spectrograph for the
William Herschel Telescope; R = 20000, Dalton et al. 2012;
Balcells 2014)

d MOONS (the Multi-Object Optical and Near-infrared
Spectrograph for the VLT; R = 8,000 and R = 20000;
Cirasuolo et al 2011)

d 4MOST (4-metre Multi-Object Spectroscopic Telescope is a
very large field (goal > 5 square degrees) multi-object
spectrograph with up to 3000 fibres and spectral
resolutions of 5000 and 20 000, proposed for the New
Technology Telescope (NTT) or the VISTA survey
telescope; de Jong et al. 2014)



Concerns/Problems



© Giants (bulge) vs. dwarves (disks): Teff

o Zero points on stellar parameters
o Line list (different lines, atomic data)
~ Solar abundances

© Methods of analysis



~ Parameters degeneracies (very high quality spectra;
independent information)

<~ Oscillator strengths (Line-lists are full of theoretical f-
values. Uncertainties can exceed a factor of ten)

~ 1D LTE Modelling (realistic modelling of convection,
radiation, and the statistical equilibria of atoms,
without important free parameters)



o [Fe/H] fundamental across astronomy

- Careful selection of lines and atomic data
~ NLTE effects: different Teff, logg, [Fe/H]
~ New crucial collisional data available

~ 3D NLTE now possible



Oxygen as a proxy for metallicity

Extragalactic oxygen abundances

Strong Line Methods: dependence upon calibration
Te: large discrepancies and saturation effects.
“Abundance Discrepancy Factor” (CEL vs RL).

Is O truly representative of “metallicity” ?



Questions



~ The low and high [Fe/H]: bulge and disks
©~ Bulge vs Thin/Thick disk in the Galactic center

o [XIFe] in very metal-poor ([Fe/H] ~-2.5 to -2.0)
stars in the bulge/disk (?)

~ MDF: How many components are there in the
bulge?

~ The critical -0.3 < [Fe/H] < +0.3 range



~ Chemical inhomogeneities in globular clusters

~ Heavy elements in different Galactic components

o Age spread, kinematics and chemical
abundances can constrain different models of
galaxy formation



~ Gaia mission (from 2014-): ~1 billion of stars to
V=20. 3D map of our Galaxy

- ESO-Gaia (optical)
- APOGEE (IR)
o ELTs

<~ High precision abundances






