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Projections of the Fundamental Plane
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The Fundamental Plane
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The World of Galaxies (2)
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Hubble’s law = Hubble expansion
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What is stellar population synthesis?

How does it work?

How do we use it?

Stellar Population Synthesis
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Stellar 
population 
synthesis 
(SPS) is a 
tool to 
interpret the 
visible 
universe

HST

The visible universe



How does 
SPS

work?
+
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Algebra of 
stellar 

population 
synthesis

+   spectral atlas   =

+
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•MS

•SGB

•RGB

•HB

•AGB

•REST

Stellar Evolutionary Tracks

Evolutionary phases:
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Isochrones
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•MS

•SGB

•RGB

•HB

•AGB

•REST



Initial mass function 
(IMF)


•Quite similar for M > 1 Mo

•Chabrier’s IMF implies a 
lower number of stars 
below 1 Mo than Salpeter’s 

•Both IMF’s are normalized 
to same total mass
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SPS models:

Provide the time evolution of 
the spectral energy 
distribution (SED) of a stellar 
population (star cluster or 
galaxy) whose stars were 
born in an instantaneous 
burst at t = 0.

(B&C 2003)

For stellar populations with a complex star formation history, 
SFH = Ψ(t), the SED can be computed from:



Dating SP (how old are they)

Most basic applications of SPS:

Discovering distant galaxies
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HR diagram Spectral energy distribution
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Measuring photometric colors 



Spectral evolution

SIMPLE

vs.


COMPOSITE

stellar 

populations

�51



!52

Ψ(t) ∝ e−t/5 (t in Gyr)

SFR:

Quenching at:

0.2, 1, and 8 Gyr
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but …

In reality we observe this evolution in reverse, from the 
present to the past

present

HST

past

z
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Age of the universe vs. redshift (z) 

larger z, younger universe

Objects at z = 7 have been there for 98% of the age of the universe

% of age at given z
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Age of the universe vs. redshift (z) 

larger z, younger universe

Objects at z = 7 have been there for 98% of the age of the universe

% of age at given z
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z = z(t)z = 0

Effects of the cosmological redshift (z) 
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z = 0 z = z(t)

Effects of the cosmological redshift (z) 
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Effects of the cosmological redshift (z) 

z = 0 z = z(t)



FIN

Using dropouts to discover young distant galaxies

This is a galaxy 
formed when 
the universe 
was 700 Myr 
old, 13 Gyr ago, 
seen at z ~ 6



Feb-23-10 Nuevas Galaxias Viejas, Viejas 
Galaxias Nuevas
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HUDF09: 16 galaxias a z~7 y 5 galaxias a z~8  

HUDF09	
WFC3/IR

z~8:		Bouwens	et	
al.	(2010)	

z~7:	Oesch	et	al.	
(2010)

HUDF09	image	
~2.2′

Boxes	~2.5”
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Nuevas Galaxias Viejas, Viejas 
Galaxias Nuevas

 80

Hubble

Hubble	and	Spitzer	results	combine	to	show	us	
that	z~8	galaxies	could	well	have	been	forming	
stars	two-three	hundred	million	years	earlier	(at	
z>10-11)	

Labbé/Gonzalez	et	al

z~8	summed	Spitzer	images	

3.6	μm									4.5	μm

some	individual	z~8	Spitzer	3.6	μm	images	

Spitzer

Model	fit	is	BC03		CSF		0.2Z◉ log	M	=	9.3	

z~7.7	and	300	Myr	(SFH	weighted	age	=	t/2)

z~8

Feb-23-10


