
Simple stellar population
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– A simple stellar population (SSP) is an assembly of coeval, 
initially chemically homogeneous single stars.

– A SSP is described by four main parameters:
   i) age,  
  ii) chemical composition (Y, Z),

 iii) initial mass function.

  

Figure. Simple stellar population. 



The initial mass function (IMF)
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– The IMF is an empirical function that describes the distribution 
of mass in a stellar population.

Salpeter (1955) proposed a  single power-low IMF:

where M is the stellar mass,
n is the number density of stars, 
k is a constant

Hence dn/dM is the density of stars with masses between M and M+dM
  



The initial mass function
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– Kroupa (2001) suggested a ‘segmented’ IMF
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The initial mass function
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Present-day mass function (PDMF) vs. IMF



The initial mass function
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Present-day mass function (PDMF) vs. IMF

Pleyades PDMF
Moraux et al. (2004)



The initial mass function
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Present-day mass function (PDMF) vs. IMF

De Marchi et al. (2010) 
(Bastian et al. 2010 version) 



The initial mass function
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Present-day mass function (PDMF) vs. IMF

Challenges:
– Clusters’ IMF is changed
by dynamics.

– Multiple stars: the IMF is
sensitive to the binary fraction
and the mass-ratio distribution 
of binaries.

– we need to be careful  
to the statistics of the IMF! 

– Is IMF Universal?
Does it depend on the 
environment?
Is it constant in time? De Marchi et al. (2010) 

(Bastian et al. 2010 version) 
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Nataf et al.(2013)

RGB Bump and reddening towards the Bulge

The relative color and magnitudes of the red bump are 
indicative of the amount of differential reddening.
Moreover, they constrain the reddening direction, hence
the reddening law.
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By comparing IR colors of the red clump of bulge stars 
in the VVV survey it has been possible to derive a reddening
Map of the Bulge (resolution  2’ x 2’ – 6’ x 6’) 

  

Gonzalez et al. (2012, A&A, 543, A13)

Red Clump and reddening towards the Bulge
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There is a strong disagreement (b<~5) between the 
reddening values  obtained from the red clump and those 
inferred from the 100-micron intensity map of the sky.

  

Difference between the absorption values by 
Gonzalez et al. (2012) and those of Schlegel 
et al. (1998) as a function of Galactic latitude.  

Red Clump and reddening towards the Bulge



High-resolution differential-reddening maps

Milone et al. 2012, A&A, 540, A16  

The ACS/WFC field of view is just ~3.3 x 3.3 arcmin.
We need high-resolution reddening maps (arcsec scale)

Resolution 
Schlegel maps ~6x6’
Gonzalez maps >2’x2’
(available only for the Bulge)



High-resolution differential-reddening maps

Milone et al. 2012, A&A, 540, A16  

Step I: define the appropriate reference frame.
Abscissa is parallel to the reddening direction.



High-resolution differential-reddening maps

Step II: measure the differential reddening of each star. 
For each star:

– Define a sample of reference stars
i.e. bright MS and SGB stars.
(the reddening line is ‘perpendicular’
to the SGB and the bright MS)

– Select a sample of N neighbour
 reference stars. (e.g. N=35)

– Calculate the median value 
of the abscissa of the selected 
stars.

– The median corresponds to the
Best estimate of differential reddening

Milone et al. 2012, A&A, 540, A16  



High-resolution differential-reddening maps

Milone et al. 2012, A&A, 540, A16  

Step III: derive the reddening map.



High-resolution differential-reddening maps

Milone et al. 2012, A&A, 540, A16  

Step IV: Correct the magnitudes and color of each star by 
using the values in the map. 

Milone et al. 2012, A&A, 540, A16  



High-resolution differential-reddening maps

Milone et al. 2012, A&A, 540, A16  

Step IV: Correct the magnitudes and color of each star by 
using the values in the map. 

Milone et al. 2012, A&A, 540, A16  



Antonino P. Milone

First stars 
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Population III stars: the big questions:

– Where are Pop III stars? Are they still alive? (Do they really exist?)

– What are the properties of Pop III stars? 

–  To what extent Pop III stars contributed to the re-ionization of the 
Universe?   
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– The disk is described in 
terms of a thin disk plus a 
vertically-extended thick 
disk and even a more-
extended metal-weak 
thick disk. 

- The thin disk is composed of 
young, metal-rich population I star 
([Fe/H]~-0.2);

- Thick disk stars have average 
[Fe/H]~-0.6;

- The metal-weak thick disk is 
even more metal-poor 
-1.0<[Fe/H]<-2.5.

 

BulgeThick disk

Thin disk

Galactic halo

The Milky Way
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– The stellar halo has a 
spheroidal distribution that 
envelops the disk and bulge;

– It reaches out to ~150 kpc. 
It contains old, Population 
II stars. 

It is composed of a inner halo 
that may have formed in situ 
during the evolution of the Milky 
Way ([Fe/H]~-1.6). 

A more-diffuse outer halo that 
originated from past accretion and 
tidal disruption of dwarf galaxies 
([Fe/H]~-2.2).

 

The Milky Way



Hunting the first stars

Population III is a metal-free first population that lit up 
the Universe 100–200 Myr after the Big Bang. 

The suggested top-heavy mass function for pop III stars would render 
them unobservable today, given their corresponding short lifetimes.
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Kashlinsky et al. (2005)



Hunting the first stars

Population III is a metal-free first population that lit up 
the Universe 100–200 Myr after the Big Bang. 

The suggested top-heavy mass function for pop III stars would render 
them unobservable today, given their corresponding short lifetimes.
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/home/milone/DIDATTICA/StellarPop/LEZIONE13/136963main_FirstStars.mov

file:///home/milone/DIDATTICA/StellarPop/LEZIONE13/136963main_FirstStars.mov


Hunting the first stars

As an alternative, Population 
III may have contained stars 
of significantly lower mass 
(e.g. Stacy & Bromm 2014). 

If such Pop III stars formed, they 
would be still observable 
today. 

In that case, we would expect 
them to be eventually found in 
the Galaxy’s halo and/or bulge. 
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Kashlinsky et al. (2005)



Hunting the first stars

We can learn about population III 
stars though the study of 
element abundance in the 
second and subsequent 
generations.

The second-generation contain 
low-mass metal-poor stars 
that are observable at present 
day.
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Hunting the first stars

Keller et al. (2014)

The Keller star: 
SMSS 0313-6708

No iron lines 
detected



Hunting the first stars

Source: Anna Frebel



Hunting the first stars
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Hunting the first stars

Source: Anna Frebel



Hunting the first stars

Keller et al. (2014), Bessel et al. (2015)

The Keller star is the most iron-poor star. 

[Fe/H]<-7.5
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Hunting the first stars



Hunting the first stars



Hunting the first stars

Keller et al. (2014), Bessel et al. (2015)

Is the Keller star a Population III star?

Is it a second-generation star?

 A. P. Milone                                    Stellar Populations                          University of Padova, 2019  



Hunting the first stars

The Keller star has very-
low Fe but some Ca and 
Mg and high C.

Hence it is not a 
population III star! 

Keller et al. (2014), Bessel et al. (2015)
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Hunting the first stars

The progenitor of the Keller star…

Low mass SNe (<10 Msun)?

High mass SNe (>70 Msun)?

Intermediate mass SNe?



Hunting the first stars

Supernovae less massive than 
10 Msun release large amounts 
of iron. 

Those greater than 70 Msun do 
not produce the observed C 
enhancement and lead to 
excessive N.

Keller et al. (2014), Bessel et al. (2015)
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Hunting the first stars

The progenitor is 
consistent with a 
low-energy ~50 
Msun population III 
star.

Keller et al. (2014), Bessel et al. (2015)



Hunting the first stars
The progenitor is consistent with a low-
energy ~50 Msun population III star.



Hunting the first stars

A central black hole is formed 
into which the core of the massive 
star is subsumed. 

The extensive fallback of material 
into the black hole traps the 
centrally-located iron and other 
heavy elements synthesised during 
the star’s lifetime. 

Lighter elements, for example 
carbon and magnesium, residing at 
larger radii within the supernova 
progenitor are dispersed in the 
explosion.

Keller et al. (2014), Bessel et al. (2015)
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