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OUTLINE 
• WD isochrones and cluster CMDs 

 
• Main results about globular cluster 

WDs 
 

• IR is the future (JWST and ELT)  
                                       
 
  



Salaris et al. (2010) 



WD cosmochronology 
Ingredients: WD cooling models – Initial-final mass relationship – 
progenitor ages − bolometric corrections 

t(iso)=t(WD)+t(prog) Salaris et al. (2010) 





Hot WDs observed in 
 
M71 (GB)     NGC6752 (HST)    NGC2808 (HST)     M15 (HST)  
M80  (HST)   NGC3201 (GB)     ω Cen (HST) 
 
 
Complete WD (DA) sequences observed (HST) in  
 
 

SMC 

WD ages for  
 
NGC6397  
Hansen et al.(2007) 
Torres et al. (2015) 
Campos et al. (2016) 
 
M4 
Hansen et al (2004), 
Bedin, Salaris et al. 
(2009) 
Campos et al. (2016) 
 
47 Tuc 
Hansen et al. (2013) 
Garcia-Berro et al. 
(2014) 
Campos et al. (2016) 



47 Tuc and NGC6397 

Richer et al. (2013) 



 
 
Bedin, Salaris et al. (2005, 2008a, b) 

Garcia Berro et al. (2010, 2011) 

22Ne diffusion  

50% initial 
fraction of  
binaries 
   + 



Kalirai et al. (2009) 6 members  

Mass of bright WDs in M4 

Average  
0.53 ± 0.01  M 

Keck spectra to determine 
Teff  and surface gravity g 
from Balmer lines’ fitting 
 
Once g is known, using of 
a theoretical  M-R 
relationship provides the 
WD mass  
 
With a different method 
Moehler et al. (2004) 
estimate 0.53 ± 0.03  M 
for a total of 8 WDs in 
NGC6752 and NGC6397 
 
 
 



Distance from 
WD-fitting 

NGC6752 (Renzini et al. 1996) 
47 Tuc (Zoccali et al. 2001) 
M5 (Layden et al. 2005) 

NGC6752 

Salaris et al. (2001) have  
investigated uncertainties of 
this method 

Salaris et al. (2001) 

≅2.3 
Assumed a value 
for E(B-V) 



Campos et al. (2016) 

MC simulations of the 
WD CMD,  including 
photometric errors 
and completeness 
 
 
Bright part of the 
sequence to constrain 
distance modulus and 
reddening  
 
MF exponent as a 
free parameter. 
Fraction of DB WDs  
(and unresolved 
WD+WD binaries)  
can also be included 

Hansen et al. (2004, 2007, 2013), Garcia-Berro et al. (2014), 
Torres et al. (2015), Campos et al. (2016) 



11, 11.6 (dashed line), 12, and 13 Gyr  

11, 12, and 13 Gyr 

M4 

Bedin, Salaris et al. (2009) 

Use of the WD luminosity 
function, simulated with a MC 
technique, including  
photometric errors and 
completeness 



Original figure from Hansen et al. (2013)  

Garcia-Berro 
et al. (2014) 
remarkably 
found an 
additional 
episode of 
star formation 
separated by 
~40 Myr from 
the older one 
 
         
 
 
Link with the  
GC multiple-
population  
phenomeno
n  

Different 
methodologies 
and/or different 
implementations 
of the same 
methods, but 
especially 
different cooling 
models  



Hot WDs in 
ω Centauri 

Bellini et al. (2013) 

WD tracks for CO-core 0.55 M☉ DA (blue solid) and DB 
models (blue dash-dotted), and 0.46 M☉ DA CO-core 
(red dotted) and He-core (red dashed) models are fit to 
the observed CMD. 

Progeny of He-rich (Y=0.40) 
subpopulation in the cluster 

The blue WDCS is populated by the evolved stars of  
the He-normal component 
(∼ 0.55M⊙ CO-core DA objects) while the red WDCS hosts 
the end-products of the He-rich population (∼ 0.46M⊙ 
objects, ∼ 10 % CO-core and ∼ 90 % He-core WDs).  

Cassisi et 
al. (2009) 

Double bright WD 
sequence ! 



WD cluster 
ages  in the IR  
(JWST, ELT) 
 
Bono, Salaris & 
Gilmozzi (2012)  

Already shown by  
Salaris et al. (2000) 



0.6 and 
1.0 M 
WD 
tracks 

Salaris et al. 
(2000) 

Log(t) = 7.0, 8.0, 9.0, 9.5, 10.0 and 10.2 



 12  13 Gyr  
ΔK ~0.22 mag 
Δ(I,V)  ~0.15 mag 

MICADO camera on 
ELT  
1σ photometric error 0.05 
mag at the bottom of WD 
sequence for clusters with  
(m-M) < 15.0-15.5 







Rate of diffusion of stars through the cluster core   

Heyl et al. 
(2015) 

6 
Myr 

127 
Myr 

47 Tuc 



Salaris et al. (2010) 

SDSS (Munn et al. 2017)  
Based on 8500 stars 

Mass distribution of H-
atmosphere  objects hotter than 
Teff =13000 (data from Liebert et 
al. 2005) 





(K) 

MH < 10−5 ... 10−8 MWD 

<MH>≈ 10−4 MWD 

<MHe>≈ 10−3.5 MWD 

MHe < ~10−3.5 MWD 

Range of 
envelope 
thickness for 
Field Disk WDs 

MH < 10−10  MWD 



WDs in the solar neighbourhood 

Salaris et al. (2010) 

WD LF from 
Catalan et al. 
(2008) 

Mass distribution of H-atmosphere  
objects hotter than Teff =13000 (data 
from Liebert et al. 2005) 
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