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119 planet-host stars (dashed) ; 

94 comparison stars (solid)

Chemical composition of exoplanet host stars

Santos et al. 2005  Santos et al. 2001



Santos et al 2003

But!!!

heavy elements in EHS: original abundances. 

Observations: Santos et al. 2001 ; see Vauclair 2004; Garaud 2011, Théado and Vauclair 2012
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Ghezzi et al. ApJ September 2010

Buchhave et al 2012 : planets with Rp < 4 RΘ at all metallicities



Teske et al., ApJ letters 2013

See also Teske et al 2014



Melendez et al 2009

(see also Ramirez et al. 2014)



Paul Kalas 2008

Chereul et al 1999  
Chereul and Grenon 2000

i Hor belongs
to the Hyades stream

i Horologii

One planet : 320 days; M = 2.26 MJup



Ages given in the literature 
(Saffe et al 2008)



i Horologii

8 nights with HARPS, November 2006

25 identified modes

One planet : 320 days; M = 2.26 MJup



iota Horologii

(Cf triplet Te, Fe/H, log g)

For each metallicity, 
Teff of best model 
decreases for decreasing Y
(∆Yprop to ∆Z,  Y = 0.271, 0.255)

i Hor
Vauclair et al.2008

[Fe/H] 0.165 ± 0.025 0.14  ± 0.05

Y 0.26  ± 0.01 0.255  ± 0.013

Age (Myr) 625 ± 5 625  ± 25

Masse (Msun) 1.25  ± 0.1

Teff (K) 6160  ± 30

log g 4.40  ± 0.01

log L/Lsun 0.243  ± 0.07

Hyades 
Lebreton et al. 2001



Liu et al 2014

The secondary hosts a giant planet



Schuler et al, ApJ letters 2011

16 Cyg A and 16 Cyg B

Lithium abundances (Friel et al. 1993, King et al. 1997) : 

16 Cyg A : log N(Li) = 1.27  ;  16 Cyg B : log N(Li) < 0.60



Israelian et al, Nature 2010 (contestation: Melendez et al.)



Ghezzi et al.  ApJ November 2010 



Ghezzi et al.  ApJ November 2010 
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Double-diffusion experiment (Pringle et al. 2002) with sugar and salt solutions
(κ (salt)/ κ (sugar)  ≈  3)

Sugar solution

Salt solution



Stern 1960, Kato 1966, Veronis 1965, Turner 1973, Turner and Veronis 2000, Wells 2001, Piacsek
and Toomre 1980, Shen and Veronis 1997, Yoshida and Nagashima 2003, Gargett and Ruddick 2003
etc.

Thermohaline convection: the ocean case

24

and the inverse Lewis number : 



The stellar case

m =  dlnm/dlnP plays the role of the salinity gradient; 

rad-  plays the role of the temperature gradient

« fingers » form if : 
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with:

and    t = km / kT = tT / tm
Simulations by Brown et al. 2013

R0 = 3 ; Pr = 1/10; t =1/ 30
reduced time: t=100 (prior to saturation)

155 (disrupted modes), 180 (saturated regime)

For R0<1, dynamical convection 
For R0=1/t, dissipation



Fingering convection is known to occur in stars
in the following cases:

accretion of heavy material onto stars:

- planetary matter on MS stars
- CEMPstars
- debris disks on WDs

metal accumulation induced by atomic diffusion inside stars:

- MS stars
- SdB stars

mu variations induced by nuclear reactions:

- RGB stars ? 



Difference between semi-convection 
and fingering (thermohaline) convection

Semi-convection :
- unstable temperature gradients
- stable mu-gradients

Fingering (thermohaline) convection :

- stable temperature gradients
- unstable mu-gradients

In both cases: environment stable for dynamical convection



Barbara Zemskova, Pascale Garaud, Morgan Deal, Sylvie Vauclair, 2014, ApJ, 795, 118.

Mixing of an iron-rich layer with the gas below
(3D - numerical simulations)



Ap.J., 744, 123, 2012
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(col. G. Vauclair, M.Deal)



Helix Nebula (Spitzer)



G ZZ Ceti pulsator with a debris disk (Reach et al. 2005, ApJ 635, L161))



Heavy elements in the DA GALEX J193156.8+011745 (Melis et al. 2011, ApJ 732, 90) 
Spectra from KECK HIRES



- lines of heavy elements are observed :
in DAZ with T eff between 6000 K and 27000 K
in DBZ with T eff between 13500 K and 21000 K

- which corresponds to cooling ages 7.3 < log t cool (yr) < 9.9

(e.g. Desharnais et al. 2008, Zuckerman et al. 2010 and 2011, Koester et al. 2014….)

- The heavy elements abundances have ratios similar to terrestrial
planets (e.g. for C, Si, O, Mg, S, Ti, Cr, Mn, Fe).

- The calcium abundances lie between:
-12.0 < log [Ca/H] < -6.0 for DAZ

-12.4 < log [Ca/He]< -6.9 for DBZ

(e.g. Melis et al. 2011, Dufour et al. 2012, Gänsicke et al. 2011, Xu et al. 2014, Koester et al. 2014)

An important fraction of observed white dwarfs (DAZ and DBZ)
suffer accretion from debris disks (at least 30%, from KGF14)



Scars of Intense Accretion Episodes at Metal-Rich White Dwarfs
J. Farihi, B. T. G¨ansicke, M. C. Wyatt, J. Girven, J. E. Pringle, A. R. King

MNRAS 424, 464, 2012



Simulations by Felipe Wachlin (La Plata):
(work in progress)

DA model, 0.6 MϿ, Teff = 11000K

accretion rate: log dMz/dt = 9.5 g.s-1

Hydrogen mass fraction:

a) 10-10

b) 10-9

c) 10-8
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Model Teff log (dM/dt)
(no fingering)

log (dM/dt)
(fingering)

log(Ca/H) (DAs)
log(Ca/He) (DBs)

DAZ 10600 K 9.23 9.83 -7.2

DAZ 12800 K 7.74 10.01 -7.1

DAZ 16900 K 7.70 9.40 -7.7

DBZ 17100 K 10.08 10.08 -7.5

DBZ 21110 K 10.70 10.80 -8.0

Examples of accretion rates needed to explain the observed abundances
without or with fingering convection included (Deal et al. 2013)

Fingering convection is less efficient in DBs than in DAs because
1) The convection zone is deeper and the Lewis number smaller
2) The initial mu value is larger





Conclusions

1) The internal chemical composition of stars is important for the
determination of the habitable zone; in solar type stars, 
metallicity is observable but not helium; Y does not always
vary like Z.

2) If planetary matter is accreted onto main sequence stars, it
does not stay in the outer convective zone; the inverse mu-
gradient induces a special type of double-diffusive 
convection(fingering convection) which mixes the heavy
matter downwards; for similar accretion rates, the effect
is more important when the convective zone is shallower; 
this extra-mixing may have important consequences on 
the destruction of light elements in EHS.

3) The study of accreting white dwarfs is important to understand
the ultimate fate of planetary systems. Fingering
convection must be taken into account in the computations 
of accretion rates in DAZ and DBZ WD stars.


