otellar population synthesis and galactic
archaeology of unresolved populations
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N ot Probing baryon physics in galaxies
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Q@ Stars in galaxies keep the fossil record over formation history
@ Stellar population models to derive parameters

@ Multi-band photometry over large wavelength base or medium-resolution
spectroscopy

@ Ages and chemical enrichment history
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Dissecting unresolved populations 4CG

. Key for the derivation of chemical element
m abundance ratios

@ Stars not resolved in most galaxies

@ Spectral resolution reduced by stellar
velocities in bright galaxies
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3'”, Dissecting unresolved populations 4CG

: Key for the derivation of chemical element
m abundance ratios

_

@ Stars not resolved in most galaxies

@ Spectral resolution reduced by stellar
velocities in bright galaxies

M37 @ RANhglo-Australian Observatory
Photo by David Malin
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«" otellar population models 4CG
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T | 1 | [ T 1 I 1 l 1 ) 1 l l 1 | Ll | ] I 1 I |l I 1 Needs
5L 0.1 Gyr _

@ Stellar evolutionary tracks

Q@ Stellar libraries or model
atmospheres

| Gyr

15 Gyr |

Predicts

@ Spectra, colours

@ Luminosity evolution, k-
corrections

Assumes (derives)

@ Star formation histories

@ IMF

Q@ Ages and element abundances
@ Horizontal branch stars
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Credit: C. Maraston
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1Gyr SSP x  px
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= f(Teffalogg7 [Z/H])
| i response functions
. BV . stellar atmospheres
C. Maraston

Korn, Maraston, Thomas 2005
Tripicco & Bell 1995; Trager et al 2000
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Full Spectral Fitting Code FIREFLY {CG
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Age (Myrs)
SP models of Maraston & Stromback 201 |
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S ot Deriving element abundance ratios 4CG
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1. Initial fit: Age, [Z/H] & [O/Fe]

3. [N/Fe]

Inner loop Eg
Convergence 3-4 ;,,59
Max. 5 iterations =g 8

® o __

238
) 583

a &

5. [Ca/Fe] 4. [Mg/Fe]

7. Final fit: Age, [Z/Fe] & [O/Fe]
HGA, HSF, CN,, CN,, Cad227, G4300, HyA, HyF,

Thomas et al 2011; Johansson et al 2012;
Graves & Schiavon 2008; Proctor & Sansom 2002
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’®  Formation timescales and downsizing 4
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“Mass is the fundamental parameter, not local density” 4CG

Portsmouth

Anna Gallazzi’s talk

Q@ Environment drives galaxy evolution at low redshifts and low masses

Q@ Fraction of star forming galaxies is independent of environment

Q

Peng et al 2010
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Star formation rate scales with mass

Ferreras et al 2011
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.~ Dark matter fraction in centres |

" @ SDSS 0<z<0.2 : . Newman+2010 A

. @ BOSS 0.2<z<0.3 : van der Wel+2008 A |
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@ IFU surveys
(SAURON,
ATLASSD, CALIFA)

@ Mapping stellar
populations and gas
physics

Q@ Wealth of
information on
kinematics and
stellar population
gradients

Age [Gyr] Age [Gy1]

20 10 0 W 20 20 -0 0 W 20 ‘10 0 10

20-10 0 10

Kuntschner et al 2010
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@ Flat gradients in age and a/Fe
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g MaNGA - galaxies in 3D 4CG
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Mapping Galaxies at APO (part of SDSS-IV)

. Bundy et al (2015); Drory et al (2015)

- Bundles of 1300 fibres to create Integral Field Units
_ 3D view of 10,000 galaxies across the cosmic web

. Resolution = 1-4 kpc (2”); 50-70 km/s (0)

- S/N~5-10at 1.5 Re

o First since papers published (Wilkinson et al 2015;
Beifiori et al 2015; Li et al'l@0185)

Principal Investigator Kevin Bundy (Kavli [IPMU)
Chief Engineer/Project Manager: Nick MacDonald (Washington)
Survey Scientist: Renbin Yan (Kentucky)
] Instrument Scientist Niv Drory (UT Austin)
Lead Data Scientist David Law (Dunlap Institute, Toronto)

Sample Design Lead David Wake (Open University,
Wisconsin)

Lead Observer Anne-Marie Weijmans (St Andrews)

Science Team Chair Daniel Thomas (Portsmouth)

Dm- ASS - June 2015 Stellar popula!ll olm galactic archaeology of unresolved populations
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Spatially resolved BPT: disentangling AGN from SF 4CG
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@ SDSS:AGN

@ MaNGA: Seyfert/
LINER in centre
with extended star
formation in
outskirts
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“” Stellar population gradients 4CG
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Age Metallicity
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Age gradient (Log,,(age) / R ) Metallicity gradient ([Z/H] / R, ;)

Age gradients: Negative for discs, flat for spheroids
Metallicity gradients: Flat for discs, negative for spheroids

(Mehlert et al 2003; Kuntschner et al 2010; Gonzalez Delgado et al 2014)

Wilkinson et al 2015
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it Summary 4CG
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Q@ Unresolved populations

~ Fossil record from stellar population modelling

=
=

. Stellar libraries: discrepancies between state-of-the art libraries (’

. Variable element ratios remain challenging oo \

Q@ Progress from large galaxy surveys

. Statistical analysis of galaxy populations: downsizing
< Robust measurement of environment: mass is driving parameter

. Redshift evolution of galaxy properties becomes accessible

Q@ Spatially resolved stellar populations

. Flat gradient in age and alpha/Fe challenge formation models
. Correlations between stellar pop gradients and galaxy properties uncertain
<~ Major progress through IFU surveys

. New large-scale IFU surveys are major step forward

. SDSS-IV/MaNGA: large sample size and spectral range

Daniel Thomas - EWASS - June 2015 Stellar population synthesis and galactic archaeology of unresolved populations
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N Impact of fitting algorithms/models 4CG
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o’ Full spectral responses 4CG
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