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Stellar parameters, abundances
and where to find them

Photometric approach



Multi-band photometry 
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Multi-band photometry 



Multi-band photometry 
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Stellar parameters and in particular effective temperatures 
can be obtained by using stellar colours.

To get the maximum leverage the two wavelength regions 
should be well separated in wavelength.

Multi-band photometry and stellar parameters



Photometry of stars with well-known stellar parameters provide 
empirical Teff-color relations:  

Multi-band photometry and stellar parameters

Alonso et al. 1999



 

The relation depends on metallicity.
Reddening is a major issue for photometric parameters  

Multi-band photometry and stellar parameters



– Opacity, ĸ, indicates the ability of stellar matter to absorb 
radiation (energy transport equation).

– Need to consider all microscopic processes that can absorb 
photons at each frequency, ν:
 Bound-bound absorption (bb)
 Bound-free absorption (bf)
 Free-free absorption (ff)
 Electron scatter (es)  

– Opacity in stellar interiors depends on:  
Level populations of different ion species (dependence on T, –Boltzmann 
equation–   and on the degree of ionisation).
Ionization balance (dependence on electron density and T, –Saha equation– )

Electron density (dependence on density, ρ, on T and local composition, Xi).

In summary:

Opacity



– For wavelength <365nm photoionization from the level n=2 of HI 
can occur. 
– The corresponding increase in opacity diminishes the emergent 
flux shortward of 365nm: this is the Balmer jump.

In hot stars, the Balmer jump depends only on the effective 
temperature. 

Balmer jump



In solar type stars the Balmer jump also depends on gravity.

Balmer jump



Stroemgren photometry 

Source M. Asplund



Infrared flux method (IFRM)

It is based on the comparison between the mochromatic flux in the 
IR with the bolometric flux. 

Casagrande et al. 2010



Infrared flux method

The IRFM allows to measure 
stellar angular diameters with 
accuracy better than 2%
 

Casagrande et al. 2010

Measured from 
interferometry

Temperature zero points 
for IRFM are now well 
determined  (<10 K)



The Litium cosmological problem
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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 

 Chemical abundances.
Application: Testing the elements of the Big Bang 



The cosmological lithium problem
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Cosmic Microwave 
Background 
(CMB)
anysotropies yield 
barion-to-photon 
ratio at decoupling

  



The cosmological lithium problem
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Results based on WMAP data conclude that 
the litium abundance from Big-Bang nucleosynthesis is
[A(Li)]=2.72±0.06
(Dunkley et al. 2009).

  



 Chemical abundances.
Application: Testing the elements of the Big Bang 
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The production of Li depends on 
the temperatures and densities 
of the primordial Universe.

BBNS models estimate the 
mean baryon density of the 
universe.
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The cosmological lithium problem
Lithium is readily consumed by fusion 
with protons at temperatures above 
2×10^6 K, such as is found 
in the cores of stars.

 

Lithium can be produced 
in interstellar matter by
collisions with cosmic rays, or by 
the evolution of intermediate-mass Stars.

The lithium abundance in old metal poor stars would correspond 
to the BBN abundance.  

  

The cosmological lithium problem



 Chemical abundances.
Application: Testing the elements of the Big Bang 
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The oldest stars may
reveal the amount of 
mass in the Universe
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The cosmological lithium problem

The nearby and metal-poor globular cluster NGC6397 is 
an ideal object to investigate the cosmological lithium problem

  

Lind et al.(2009)
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The cosmological lithium problem

Homogeneous analysis of 349 MS, SGB, RGB stars 
from UVES/GIRAFFE VLT spectra. NLTE analysis. 

  

Lind et al.(2009)



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

The cosmological lithium problem

Homogeneous analysis of 349 MS, SGB, RGB stars 
from UVES/GIRAFFE VLT spectra. NLTE analysis. 

  

Lind et al.(2009)
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The cosmological lithium problem

Discrepancy with BNN+WMAP predictions. 
Diffusion and ad-hoc and turbolence below the convective 
zone should be invoked to reproduce the observations.

  

Lind et al.(2009)

BBN+WMAP
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The cosmological lithium problem

The baseline of the lithium 
abundance of old stars (or Spite 
Plateau) in the Galactic Halo is
significantly lower than what is
inferred from WMAP+Big-Bang 
Synthesis.  
Spite & Spite (1982) 

This fact is challenging our understanding 
both of stellar astrophysics and possibly 
even Big Bang nucleosynthesis itself.

  



The cosmological lithium problem

– Nuclear physics in BBNS
No (e.g. Coc et al. 2002)

– Stellar Teff-scale
No (e.g. Casagrande et al. 2010)

– Stellar atmosphere and line formation
No (e.g. Asplund et al. 2003; Sbordone et al. 2010)

– Particle physics in BBNS
Speculative (many) 

– Stellar Li deplation 
? (e.g. Korn et al. 2006)



The cosmological lithium problem 

– Stellar Li deplation 

Source: M. Asplund


