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Tapping into the fossil record of galaxies

Stellar population models
& Stellar libraries
¢ Absorption-line indices

Chemical abundance ratios of SDSS galaxies

Large galaxy surveys (z-surveys and IFU)

Moving on to higher redshifts (SDSS-III/BOSS)

summary
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@ 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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Probing baryon physics in galaxies

@ 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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Emission line spectrum

Gas ionisation stage, star
formation/black hole

activity, gas kinemastics,
galactic outflows, gas

accretion, gas metallicities

Absorption line spectrum

stellar kinemastics,
dynamical stellar masses,
dark matter, stellar
populations, star formation

histories, metal content,
element abundance ratios

Integrated spectra of bright galaxies
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. ® RCB @ Spectra, colours

@ Luminosity evolution, k-
corrections

Assumes (derives)

@ Star formation histories

@ IMF
@ Ages and element abundances

@ Horizontal branch stars
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@ Stellar parameter coverage

@ Spectral resolution
@ Wavelength range

@ Flux-calibration
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@ Stellar parameter coverage

@ Spectral resolution

@ Wavelength range

@ Flux-calibration
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- Assess spectral resolution of library with other library as template |
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using pPXF (Cappellari & Emsellem 2004 )
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using pPXF (Cappellari & Emsellem 2004 )

@ Nominal MILES resolution of AL =2.3
reproduced with Indo-US as template

@ Lower resolution of AL =2.54 obtained
with ELODIE as template

Integrated spectra of bright galaxies
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@ Redshift evolution

of LRG colours =

@ Models too blue in
g-r

@ Empirical
libraries improve
match

Maraston et al 2009

Bright galaxies as calibrators
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GC’s from SDSS

09 T | | | |
@ Also globular clusters too
blue in g-r

@ Empirical library MILES
fixes the problem
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i Key for the derivation of chemical element abundanoe ratios 1‘
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B Key for the derivation of chemical element abundanoe ratios ]I

@ Stars not resolved in most galaxies

@ Spectral resolution reduced by stellar
velocities in bright galaxies

M& @ Hrgl -Australian Observatory
F}f t;r. Jid Malin

5140 | 5160 | 5180 | 5200

Daniel Thomas | Integrated spectra of bright galaxies
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| Key for the derivation of chemical element abundanoe ratios ]I

@ Stars not resolved in most galaxies

@ Spectral resolution reduced by stellar
velocities in bright galaxies

M& @ Hrgl -Australian Observatory
F}f t;r. Jid Malin
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| Key for the derivation of chemical element abundanoe ratios ]I

@ Stars not resolved in most galaxies

@ Spectral resolution reduced by stellar
velocities in bright galaxies

M& @ Hrgl -Australian Observatory
F}f t;r. Jid Malin
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“ Key for the derivation of chemical element abundanoe ratios ]
@ Stars not resolved in most galaxies
@ Spectral resolution reduced by stellar
velocities in bright galaxies
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Thomas et al 2011a, o oot

@ Based on new fitting functions for MILES

@ Flux-calibrated hence no ‘Lick offsets’

GIANTS

@ Well calibrated with globular clusters

@ Model errors
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1. Initial fit: Age, [Z/H] & [O/Fe]

3. [N/Fe]

Inner loop
Convergence 34

Max. § iterations
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Johansson et al 2011
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1. Initial fit: Age, [Z/H] & [O/Fe]
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5. [Ca/Fe] 4. [Mg/Fe]

7. Final fit: Age, [Z/Fe] & [O/Fe]
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@ Mapping stellar
populations and gas
physics

@ Wealth of
information on
kinematics and
stellar population
gradients
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© Fall 2009 - Spring 2014
© 10,000 square degrees on the sky Probe a million magsive galaxies
© 1,000-fiber spectrograph, resolution R = 2000 half way back to the Big Bang
© Wavelengths 360-1000 nm
@ Spectra of 1.5 million luminous galaxies to z = 0.7 (6 billion years into the past)
O Lyman-a forest spectra of 160,000 quasars at redshifts 2.2 <z< 8
© Eisenstein et al 2011
4 R

¢ Kinematics and stellar masses
¢ Ages and

¢ Black hole activity

¢ Star formation and gas physics

\_ /
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Fall 2009 - Spring 2014

10,000 square degrees on the sky Probe a million massive galaxies
1,000-fiber spectrograph, resolution R = 2000 half way back to the Big Bang

Wavelengths 360-1000 nm
Spectra of 1.5 million luminous galaxies to z = 0.7 (6 billion years into the past)
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Lyman-o forest spectra of 160,000 quasars at redshifts 2.2 <z< 3
Eisenstein et al 2011
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© Fall 2009 - Spring 2014
© 10,000 square degrees on the sky Probe a million massive galaxies
@ 1,000-fiber spectrograph, resolution R = 2000 half way back to the Big Bang

o Wavelengths 360-1000 nm
Spectra of 1.5 million luminous galaxies to z = 0.7 (6 billion years into the past)
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Lyman-o forest spectra of 160,000 quasars at redshifts 2.2 <z< 3
Eisenstein et al 2011
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@ Fossil record in galaxies

¢ Ages from integrated galaxy spectra was (still is) hard
$ Great improvements over past 10 years through models and data

@ Stellar population modelling

$ New empirical stellar libraries with good parameter coverage
¢ Still some discrepancies in flux calibration/stellar parameters

@ Galaxy surveys (IFU and z-surveys)

$ Impressive progress in understanding of local galaxy population
¢ Statistical approach to galaxy evolution studies
¢ Chemical evolution and element abundance ratios

@ Outlook

¢ Evolution with morphology, redshift, environment
Galaxy Zoo, GAMA, SDSS-III/BOSS, CALIFA, ATLAS3D
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