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Hidrogen, helium and lithium, were produced 
during the  Big Bang nucleosynthesis (BBNS), 
when the universe was only a few minutes old.

  

Big-Bang nucleosynthesis 

Hunting the first stars
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In the early Universe the electron spin temperature 
was coupled with the CMB radiation. But...

  

The 21-cm line can provide information on the matter at 
very high redshift 
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The gas was absorbing more 21cm photons than emitting. 

  

When the first stars formed, the electron spin 
temperature was connected with the temperature of the 
gas.

Population III stars
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The gas became too hot to emit or absorb 21cm photons

  

After a while, the first black holes formed and started 
heating the gas by emitting high-energy radiation. 

Population III stars
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Population III stars
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Bowman and collaborators added together the CMB 
light from the entire sky.



Hunting the first stars

The observed spectrum is dominated by Galactic 
synchrotron emission. 
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Hunting the first stars
The observed spectrum is dominated by Galactic 
synchrotron emission. 

We need to remove the foreground model... 
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Bowman et al. 2018



Hunting the first stars

… and the 
combined 21 
cm models.  
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Bowman et al. (2018)
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The resulting profile is finally plotted against the redshift 
and the age of the Universe.
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The depth indicates the drop due to 21 cm absorption  
 

Bowman et al. (2018)



Hunting the first stars

The width indicates the period between the onset of the 
very first stars to the onset of very active black hole 
growth.
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Bowman et al. (2018)



Hunting the first stars

The depth is about twice as deep as expected: much more 
CMB is absorbed than predicted by models!
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As a possibility the gas was colder...

Bowman et al. (2018)



Hunting the first stars

But we already know the temperature of the CMB!
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And we already accounted for the expansion of the 
Universe!

T=2725K



Hunting the first stars

The only thing colder than the CMB was dark matter.    
Maybe the Hidrogen lost some of its hit to dark matter?
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But dark matter never interact with regular matter 
except through gravity!!! 



Hunting the first stars

    Maybe the Hidrogen lost some of its hit to dark matter?
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But dark matter never interact with regular matter 
except through gravity! Bowman et al. (2018) 
speculate that another type of interaction !?



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.

 A. P. Milone                                    Stellar Populations                          University of Padova, 2020  

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/StellarAstrophysics/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)
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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. 

Historically, the halo includes 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
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Historically, the halo includes 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



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: Galactic astronomy.
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Hunting the first stars

Record holder

Source: D. Yong, J. Norris
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Hunting the first stars

The basic approach:

I) select candidate from photometry

II) Observe candidates with low-resolution spectroscopy

III) Follow up best candidates at high-resolution at large telescopes 
(Magellan, VLT, Keck)
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1.3m telescope, Siding Spring observatory  

Hunting the first stars

The Sky Mapper survey is producing multi-
band photometry of the entire southern sky

PI Brian Schmidt
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Hunting the first stars
The Sky Mapper filter set: 

griz are similar to SDSS bands         
u is similar to the Stroemgren u band  
  

vs  is centered on the CaII lines to 
generate a photometric index that 
is sensitive to metallicity.  

Keller et al. (2007)
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Hunting the first stars

Pseudo-colors made with appropriate combinations 
of photometry in the skymapper bands are efficient 
tools to identify stars with different metallicities.    
      

  

Source: Stefan Keller 
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Hunting the first stars
Pseudo-colors made with appropriate combinations of 
photometry in the Skymapper bands are efficient tools 
to identify stars with different metallicity.          

  

Source: Stefan Keller 
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Hunting the first stars

Metal-poor candidates are 
observed with low-
resolution spectroscopy...
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Hunting the first stars

Observing from Australia
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Hunting the first stars

Follow up of the best 
candidates are performed 
with large telescopes.

         

  



Hunting the first stars

Source: Anna Frebel



Hunting the first stars

Source: Anna Frebel



Hunting the first stars

Source: Anna Frebel



Hunting the first stars

The Keller star: SMSS 0313-6708

Stefan Keller. Australian National University



Hunting the first stars

Keller et al. (2014)

No iron lines 
detected ?



Hunting the first stars

Keller et al. (2014)

No iron lines 
detected !?



Keller et al. (2014)

The Keller star: 
SMSS 0313-6708

No iron lines 
detected

Hunting the first stars: Galactic astronomy.



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: Galactic astronomy.
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Hunting the first stars: Galactic astronomy.



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

Is the Keller star a Population III star?

Is it a second-generation star?
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Hunting the first stars: Galactic astronomy.



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: Galactic astronomy.



The progenitor of the Keller star…

Low mass SNe (<10 Msun)?

High mass SNe (>70 Msun)?

Intermediate mass SNe?

Hunting the first stars: Galactic astronomy.



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

We exclude low-mass pop III stars

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



Hunting the first stars
 

SNe  more massive 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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We exclude high-mass pop III stars



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

Hunting the first stars: Galactic astronomy.



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: Galactic astronomy.



Hunting the first stars: Galactic astronomy.

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

Keller et al. (2014), Bessel et al. (2015)
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A central black hole is formed into which the core of the massive star is subsumed. 



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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Hunting the first stars: Galactic astronomy.



The lowest detected stellar Fe abundance:
The Nordlander star



[Fe/H]=6.2

The lowest detected stellar Fe abundance:
The Nordlander star



[Fe/H]=6.2

Consistent with a second 
generation star formed from 
the ejecta of a low kinetic 
energy ~10Msun Pop III SN 

The lowest detected stellar Fe abundance:
The Nordlander star


