Getting to know the “island universes” out there.
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Outline for Today

* Building Blocks - Stars
and Stellar
Populations:

« Stellar Population
Synthesis (SPS)
Modeling

M31, Southwest arm, NGC 206 (Credit: Robert Gendler)
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+ How can we learn about star formation
histories (SFHs) from integrated colors
and luminosities?

= Challenges

+ Age-Metallicity Degeneracy: 0401

’:‘ bOth Older pOPUIationS and more """

: 4 o ;‘:0’: ,:’/m‘--u: L r (rl
metal-rich populations are v =l
2 - THIS WORK e
redder S sl T e
= A £ e 1011—-—7--':&:_.@ L ey
» Luminosity Weighting: o -0sp Ponge
o e - {[']5]5 --:r-G_-\[ = "i'q__é, -';.1._. .._:-".D_E
» Even if age-metallicity were i Vit AN IR -,
resolved, non-SSPs are weighted . oo™ g < |
° @ 0. E -, *!}ﬂd "o "'-;-!&Fh?}lﬂ-f . }
towards younger populations o e
== . @ -
» Can spectra resolve these? _ 8



Stars and Stellar Populations

« Stellar population
synthesis models

« predict spectrum of a
composite stellar
population

RY

» use to fit observed
galaxy spectral energy
distributions (SEDs)
and derive properties
(stellar mass, age, etc.)

M31, Southwest arm, NGC 206 (Credit: Robert Gendler)



Thought Question

= Write down a recipe for building the spectral energy
distribution (SED) of a simple stellar population (SSP).

= What ingredients do you need?

» How would you combine them?

» How would you build a composite stellar population
(CSE)?
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Thought Questions

+ What happens to the SED as the galaxy ages?
« What portions of the SED are sensitive to the SFR of the galaxy?

* What portions of the SED are sensitive to the galaxy stellar mass?

Bruzual & Charlot 1993
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Many stellar
population synthesis

(SPS) models and
fitting codes exist

SED-fitting used
derive properties
(stellar mass, age,
etc.)
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Stars and Stellar Populations

» Even with perfect models and many spectral features, there's still an Age-Metallicity
Degeneracy!

= Worthey (1994) “3/2 rule” — factor of 3 change in age almost perfectly degenerate with
a factor of 2 change in metallicity for broadband colors and even many line strengths

= However, there are a few spectral features that can help
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e Results from population
modeling:

o Early type galaxies,
interpreted as SSPs: some
range of ages, but perhaps
younger galaxies are from
"frosting” of younger
population?

o solar abundances are S R D I S R S R
r 0.4 0.5 0.6 0.7 0.8 0.4 0.5 0.6
typlcall log Mgb log <Fe>
o alpha-enhanced L e
populations are required to

match features

log HE

0.2

. Late type galaxies: much
harder because of
luminosity weighting!

- broader wavelength
coverage may help




Stars and Stellar Populations

= Field is fraught with uncertainties

= Potential problems with synthetic integrated
spectra:

+» Stellar model and isochrone uncertainties

» oOpacities, convection, diffusion, mass loss,
atmospheres, etc.

» Missing evolutionary stages (e.g., HB, AGB)
» Interacting binary stars

+» Initial mass function



Stars and Stellar Populations

+ Stellar model and isochrone
uncertainties:

+ opacities — affects luminosities

+ convection — amount of
convective “overshooting”
affects MS lifetimes

X/
L X4

rotation — increases MS
lifetimes due to mixing

+ mass loss — affects lifetimes of
advanced (luminous)
evolutionary phases

+ Uncertainties larger at later
(luminous) stages of evolution
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Reminder Question

10;‘_ Asymptotic
2 : : Giant Branch
* What is going on
< 10 g, Red Giant
: t d 5 th = 9//78 e lan
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AGB phase? = g
S 1t |
+ How does this % el exhaustion
phase differ from
10 41-
the RGB phase? < l , ) .
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Stars and Stellar Popul:

+ Missing evolutionary stages
(e.g., HB, AGB)

* Thermally pulsating AGB
stars (TP-AGB; Maraston et al.
2011)

)/
%?

Nuclear fusion in H and He
shells — thermally unstable —
gives rise to thermal pulses

* Mass loss becomes
catastrophic during this phase,
terminating the life of the star

+ Difficult to model!

CO degenerate
core \ Intershell region:
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- about 22% "*C
about 2% ?*Ne

<1%"'"0

Helium burning shell

Hydrogen burning shell
Karakas, Lattanzio, & Pols (2002)
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Stars and Stellar Populations

Interacting binary stars

mass transfer affects evolution
and observable properties

leads to a “bluer” stellar
population Credit: Adrien Potter

may also create Blue Straggler
stars and extreme Horizontal

Branch (EHB) stars .

BPASS models — Stanway &
Eldridge 2018

Credit: ESO/L. Calcada/S.E. de Mink



Cumulative number fraction

Stars and Stellar Populations

+ Finally, there’s the IMF:
+ determines overall normalization of the stellar M /L
+ determines rate of luminosity evolution for a passively-evolving population

= has smaller effects on the SED (but not totally negligible)

C Conroy 2013
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Stars and Stellar Populations

» Does the IMF vary with cosmic

time or environment?: T T
1.000 i R B
» No compelling evidence for i
G : = i,
IMF variation from counting o 0-100¢7
resolved stars (Bastian, Covey = - -
=30)
& Meyer 2010) E
: 0.001E
» In the Solar Neighborhood, |

IMF deviates from the Salpeter o,(-m' Com0 100 10.00 100.00
form only at M <1 Mo oo eﬂ@?ﬁj)
(Kroupa 2001, Chabrier 2003)



Stars and Stellar Populations

* Does the IMF vary with cosmic time or

environment?: S e e G
I Salpeter 1955 w
_ oy
+ Evidence for modest IMF variations 100 \ oo MTEHT o Piresce 3001
in other galaxies: = [ g "
~ 0.100p
; v O i
* extra low-mass stars in elliptical
galaxies via line strengths of > 0.010
©
gravity-sensitive features (van _
Dokkum & Conroy 2010, 2012) .00
# SPS+lensing+dynamical 0.01 0.10 1.00 10.00 100.00
M (Mo)

modeling in ellipticals —
Offner et al. 2014

relatively more low-mass stars
with increasing galaxy velocity

!
dispersion (e.g., Auger et al. 2010) More work to do!
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