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Application: Testing the elements of the Big Bang 
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The oldest stars may
reveal the amount of 
mass in the Universe

  



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).
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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
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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
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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)
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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)
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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



The Wide-Field Channel of the Advanced Camera for Survey (ACS/WFC)The Wide-Field Channel of the Advanced Camera for Survey (ACS/WFC)
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WFC has a 4,096x4,096-pixel format 
created by two adjacent 2,048x4,096 
devices.

The CCDs were optimized for 
sensitivity in the red region of the 
spectrum,  ~3,500-11,000 
angstroms.

The field of view is 202-by-202 
arcseconds (3.3 by 3.3 arcmin). 



Photometry with ACS/WFC Photometry with ACS/WFC 
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ACS/WFC provides high-precision photometry for Galactic star clusters.

 Sarajedini et al. (2007),

  Anderson et al. (2008),
  Milone et al. (2012) 
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PALOMAR 2 

Pal 5 exhibits broadened MS, SGB, RGB, HB

  

ACS/WFC photometry from 
Anderson et al. (2008)



Extinction Extinction 
MEMO:

The extinction law
provides the values of the ratio Aλ/AV  at 
wavelenght λ to that of the Johnson V band

The difference AB-AV is indicated as E(B-V) 
and the ratio AV/E(B-V)  is denoted as RV.
 

 



NIR picture of MW from emission of dust.

 

  

Differential reddening
Reddening across the sky is not uniform



These maps are one of the most-used tools by astronomers

 

  

Schlegel reddening maps

Schlgel et al. (1998) alcombined the strengths of 
IRAS and COBE/DIRBE to create a relatively 
high resolution (~6x6 arc-minute) 100-micron 
intensity map of the entire sky.



These maps are one of the most-used tools by astronomers… 
BUT:
They used the far-infrared intensity ratio of 100 um and 240 um to measure 
the dust temperature and  thereby trace the 100 um dust column density.

The method is most accurate when a single dust temperature 
adequately describes the bulk of the dust that is absorbing/scattering 
background starlight. These conditions are not present for high reddening
 

  

Schlegel reddening maps



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

The RGB Bump

The RGB bump appears as a clump of stars along the RGB.
It is well recognisable as an excess in the luminosity function 
of RGB stars (Iben 1968).

  

Bono et al.(2010)

47 Tucanae
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The RGB Bump 

– During the ascent of the RGB the H-burning shell 
of a star steadily moves outward.

– Thereby approaching the chemical discontinuity
left behind by the first dredge up.

– The increase in opacity due to the larger hydrogen
abundance just above the shell causes a temporary 
drop in the stellar luminosity.

– Once the shell has gone through the discontinuity, 
the luminosity starts again to grow monotonically

 

The RGB bump is produced by three-fold passage of the RGB stars 
through the same interval during their evolution.

  

Source: M. Catelan 
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The red clump
– The red clump (RC) is a clustering 
of  red giants in the CMD.

– RC stars are bluer (hotter) than RGB 
stars with the same luminosity 
(Teff~5000K).

– RC stars and horizontal branch stars 
 are burning helium in their cores. 

In the dichotomy between the RC 
and the HB, RC stars are associated with
younger and more metal-rich populations 
than those associated with the HB. 
(See review by Girardi 2016).

  

Milone (2015)
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The Red Clump  in the Galactic Bulge CMD

The Bulge is one of the main components of the Milky Way. 
It is massive ( log(M/Msun)~10 ) and old… And it is heavily obscured by 
interstellar clouds.  
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Red Clump and Galactic Bulge

Clarkson et al. (2008)

The Bulge is composed of complex 
of multiple populations of stars with different 
ages and metallicities.

Hubble Space Telescope provides high-
precision and deep photometry  of the Bulge. 
But in very small fields of view! 
(FoV of ACS/WFC ~ 3.3x3.3 arcmin).  
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Photometric survey the Galactic Bulge
The Visible and Infrared Survey 
Telescope for  Astronomy (VISTA)
Is a 4.1 m telescope located at Paranal 

It works at near-infrared wavelengths. 
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The Vista infrared 
camera, ‘VIRCAM’, 
is composed of
16 detectors 
(67,000,000 pixels).

                                     

  

VISTA is the largest telescope 
dedicated to surveys in the near 
infrared. 

Photometric survey the Galactic Bulge
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The ESO near-infrared survey (VVV) exploits the Vista
Telescope to cover ~520 square degrees    

  

Photometric survey the Galactic Bulge

Hess CMD  of 66 million stars from 300 square degree in the Bulge. Minniti et al.(2014).
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Red Clump and Galactic Bulge
The CMDs of stars in the Bulge (from VVV and other surveys)

reveals that the Bulge exhibits the RGB bump. 

  

Nataf et al.(2013)
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The color and magnitude of the red bump stars can change
dramatically in CMDs of stars in different fields of view.

  

Red Clump and reddening towards the Bulge

Nataf et al.(2015)
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The color and magnitude of the red bump stars can change
dramatically in CMDs of stars in different fields of view.

  

Nataf et al.(2013)

Red Clump and reddening towards the Bulge
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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)
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ONE-MILLION $ ASSIGNMENT
The globular cluster Palomar 2 
exhibits broadened  sequences
In the CMD.

Big question:
Is it a signature of multiple
populations with different
metallicities? Different ages?

Is it due to differential reddening?
Is it due to both differential 
reddening and multiple populations

  

Define a method to correct the CMD for differential 
reddening (you can use the file with photometry on moodle). 


