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Outline

1- The chemical composition of Exoplanet-host stars

2- Influence of the accretion of planetary matter onto stars
and hydrodynamical consequences

3- The fate of planetary systems:
accretion of debris disks onto white dwarfs



1- The chemical composition of Exoplanet-host stars



Walle, G. et al: Evolation of the habitable zons of low-mzss stars 2014
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Fig. 3. (Top row): duration of hakatabality (traneit) a= a fimchon of the distance from the hest star, for different masses M and cherueal
compesitions of the host star for a fixad vahie of AF/AZ = 2 and two metallicihies £ = 0003 and £« 0040, (Bottomn): zame a= the top row, ut
for a frxed metallicity £ = 0.040 and two values of AFJAZ, namely 1 (left panel) and 3 (nzht panal).
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Fig. 7. (Left): position (in AU) of the 4 Gyr CHZ inner boundary as a function of the host star mass for the labelled AY/AZ values. For each
set of mass and AY/AZ, the metallicity Z runs from 0.04 at the upper pomt to 0.005 at the lower cne. The imitial helium content is obtained from
Z and A¥/AZ as in Eq. (). To show the effect of the initial helium content, the abscissa of models with high (low) AY/AZ are shifted by addi
(subtracting) 0.005 M, (Right): same as the left panel, but for the outer boundary. The circles correspond to the computations with 7, = 169 K,
while the triangles correspond to those with 7, = 203 K.
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Fig. 8. (Left): relative variation for a change from A¥/AZ = 3 to AF/AZ = 1 of the 4 Gyr CHZ mner boundary as a function of the host star mass
for the labelled Z values. (Right): same as the left panel, but for the outer boundary. The adopted outer boundary temperature is T, = 169 K.



Chemical composition of exoplanet host stars
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heavy elements in EHS: original abundances.

Observations: Santos et al. 2001 ; see Vauclair 2004; Garaud 2011, Théado and Vauclair 2012
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Saffe et al.: Exoplanet Host Stars: Ages

Table 3. Chromospheric index. Log R'gg. and age for the EH stars observed at the CASLEO

Name Log R'EK cagize <LOZR'HE oow casize™ <LOZR'HK o caspo™ D93 Age[Gy] RPMO98 Age[Gy]
GJ 86 —-4.67 -4.74 -4.72 2.03 2.94
HD 142 -5.11 -4.92 -5.02 5.93 2.43
HD 1237 -4.31 -4.36 -4.34 0.15 0.25
HD 2039 —-5.06 -4.91 —4.98 5.28 1.20
HD 4208 -4.94 —4.94 —4.94 4.47 6.03
HD 6434 -5.23 —-4.89 —5.06 0.85 18.51
HD 17051 —4.58 —4.65 -4.63 1.47 0.43
HD 19994 -5.76 —4.83 -5.14 8.91 2.56
HD 23079 -5.23 —4.95 -5.04 6.53 5.92
HD 27442 —5.57 -5.57 24.74 7.15
HD 28185 —4.98 —5.00 —4.99 5.36 1.69

Table 7. Ages derived from isochrone, lithinm and [Fe/H] abundances. “L” indicates a lower limit.

Isochr. Isochr. Isochr.  Lithium [Fe/H]
Age Min. Age Max. Age Age Max. Age

Object [Gyr] [Gyr] [Gyr]  [Gyr] [Gyr]
HD 4208 12.4 Ages given in the literature
HD 6434 13.3 7.0
HD 8574 8.2 5.7 9.6 5.0 (Saffe et al 2008)
HD 8673 2. 2.1 3.3 8.7
HD 10647 4.8 7.0 7.9
HD 10697 7.1 6.4 79 15 1.9
HD 12661 44
HD 16141 11.2 9.7 129 4.0
HD 17051 3.6 1.1 6.7
HD 19994 47 3.1 52 14

HD 20367 6.4 3.6 8.9
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Liu et al 2014

Table 2. Differential elemental abundances for HAT-P-1

Element
[C1/Fe|
[O1/Fe]
[Na1/Fe|
[Mg1/Fe]
[Al1/Fe

[Si1/Fe]
S1/Fe]
[Ca1/Fe]
iSe1/Fel
Ti1/Fe|
'Tin/Fe]
[V 1/Fe]

1Cr1/Fe]
[Cri/Fe]
‘Mni1/Fe]

[Co,/Fe
[Ni1/Fe]

[Cui/Fe|
[Zn1,/Fe|
[8r1,/Fel

[Sr 1/ Fe
Y 11/ Fe]

F
:

0.00

[£r 11/ Fe
[Bair/Fe]
[Lai/Fe]
[Cen/Fe|

Primarya
—0.158 4+ 0.036
—0.063 £ 0.024
—0.06T £ 0.021
—0.060 £ 0.020
—0.025 £ 0.018
—0.004 £ 0.012
—0.000 £ 0.021

0.0049 4 0.011
0.052 £ 0.017
0.006 4+ 0.012
0.031 £ 0.015
0.017 4+ 0.014
—0.032 £ 0.011
—0.032 £ 0.018
—0.055 £ 0.018
—0.031 £ 0.015
—0.017 £ 0.011
—0.094 £ 0,012
—0.112 4+ 0.027
0.043 £ 0.014
—0.016 + 0.019
0.019 £ 0.042
0.021 £ 0.013
0.072 4+ 0.029
0.058 £ 0.017
0.030 + 0.027

Secondary®
—0.156 = D030
—006T = 01034
— 0065 = 008
— 0050 = 008
—0.019 = 0011
—0.002 £ 0007
—004AT = 01015

0009 = 0k0E
0042 = 01014
0006 = 003
0,023 = 0,010
0014 = 0,012
—0L018 = DuE
—0022 = 01015
—04 = 0018
—0k23 = 0011
—0008 £ 0,006
—0.102 = 01015
—0.106 £ D021
0031 = 0015
—0.08 = 0015
0023 = 0029
0036 = 0,012
0056 = 0,013
0065 = 00009
0028 = 0,023

A[X /Fe]b
0.002 + 0.015
—0.004 £ 0.020
0.002 £ 0.016
0.011 £ 0.014
0.006 £ 0.020
0.001 £ 0.008
—0.007 £ 0.011
0.000 4 0.009
—0.010 £ 0.012
0.000 4 0.009
—0.008 £ 0.012
—0.003 + 0.014
0.014 £ 0.000
0.010 £ 0.013
0.011 £ 0.012
0.008 £ 0.014
0.000 £ 0.008
—0.008 £ 0.010
0.007 4 0.009
—0.012 £ 0.014
—0.002 + 0.014
0.004 £ 0.017
0.015 £ 0.012
—0.016 4+ 0.018
0.008 £ 0.014
—0.002 + 0.015

% Helative to the Sun
¥ Secondary star relative to primary star

The secondary hosts a giant planet
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Table 1

Stellar Parameters and Abundances

10 20 30

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

Schuler et al, ApJ letters 2011

Parameter? 16 Cyg A 16 Cyeg B

i (K) 5796+ 34 5753 £ 30

log g (cgs) 438 +0.12 440+ 0.12

£ (kms™") 145 £ 0.07 .35 £ 0.08
[Fe/H] +0.07 £ 0.01° £0.05° +0.05 £ 0.01 £ 0.05
[C/H] 10 £ 0,03 £ 0.05 +0.08 £ 0.03 £ 0.05
[MNa/H] +0.07 £ 0,00 £ 0.03 +0.07 £ 0,00 £ 0.03
[Mg/H] +H0.07 £ 0,04 £0.05 +0.07 £ 0,04 £ 0.03
[ALH] +0.11 £ 0,02 £0.03 +0. 100,02 £ 0.03
[5i/H] +0.09 £ 0.01 £0.01 +0.07 £ 0.01 £ 0.01
[Ca/H] +H0.08 £ 0,01 £0.04 +H0.07 £ 0,01 £0.04
[Sc/H] +H1.12 001 £0.07 .10 £ 0,01 £0.07
[Ti/H] +H0.10 £ 0,01 £0.07 +H0.11 2001 £0.07
[V/H] +H0.06 £ 0,02 £0.04 +H0.07 2002 £0.04
[Cr/H] +0.08 £ 0,02 £0.04 +0.08 £0.02 £ 0.03
[Mn/H] +HLO07T £ 003 £0.04 +0.08 £ 0.03 £ 0.04
[Co/H] +1.08 £ 0.02£0.04 +0.0% £ 0.02 £ 0.03
[Ni/H] +0.0% £ 0.01 £ 0.02 +0.08 £ 0.01 £ 0.02
[£n/H] +HL10 £ 0,02 £0.04 10 = 0,02 £ 0.03

16 Cyg Aand 16 Cyg B
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2- Influence of the accretion of planetary matter onto stars
and hydrodynamical consequences



Sugar solution

Salt solution

Double-diffusion experiment (Pringle et al. 2002) with sugar and salt solutions
(k (salt)/ k (sugar) = 3)



Thermohaline convection: the ocean case

Define the density anomaly ratio as :
R, = aVT/BVS
where :
o = (1/p)(&p/eT)sp
B =(1/p)&p/B®)rp

and the inverse Lewis number :
T— 1‘3:5:'{1{'1' — tT.-"rtS

salt fingers can grow if
1<R, <t

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.



The stellar case

V, = dinu/dInP plays the role of the salinity gradient;
V.- V plays the role of the temperature gradient

« fingers » form if :

- 15.00

1
I{R{]{:

. vad - ?T"ﬂ-:‘f :
with: Ry = ety

and t=1x,/Kxr =10/ 1,
Simulations by Brown et al. 2013
For Rucl d el ti Rp=3 ;Pr=1/10;t=1/ 30
or Rg¢2, dynamical convection reduced time: =100 (prior to saturation)
For Ry=1/7, dissipation 155 (disrupted modes), 180 (saturated regime)

25



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



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

4000

3420

— 2300

[ -
0000

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



Ap.J., 744, 123, 2012

Metal-rich accretion and thermohaline instabilities in
exoplanets-host stars: consequences on the light elements
abundances

Sylvie Théado and Sylvie Vauclair!
Inatitut de Recherches en Astrophysique et Plandiologie, Universild de Toulouse, ONRS, 14§ avenue
Edouard Belin, 31400 Towlouse, France
stheadofiast . obs-mip.£fr
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Fig. 6.— Lithium surface abundance over the accretion/mixing period in models experiencing 5 sccretion
episodes of 0.03M;,,. The presented models have different masses (08,009,1.0,1.1, 1.2 and 1.3M_) and
initial metallicities. These models have beon computed with the KRT coefficient, O=12.



3- The fate of planetary systems:
accretion of debris disks onto white dwarfs
(col. 6. Vauclair, M.Deal)
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ZZ Ceti pulsator with a debris disk (Reach et al. 2005, ApJ 635, L161)
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(eg.

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

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

- which corresponds to coolingages 7.3 <log t o0 (yry< 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

Melis et al. 2011, Dufour et al. 2012, Gdnsicke et al. 2011, Xu et al. 2014, Koester et al. 2014)



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
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dM/M

Simulations by Felipe Wachlin (La Plata): *& = =

(work in progress)

DA model, 0.6 M,, Teff = 11000K

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

Hydrogen mass fraction:

H-rich convective envelope

dM/M

a) 1010
b) 1079
c) 108
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H-rich convective envelope 1
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Examples of accretion rates needed to explain the observed abundances
without or with fingering convection included (Deal et al. 2013)

Model | Teff log (dM/dt) log (dM/dt) | log(Ca/H) (DAs)
(no fingering) | (fingering) 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 -1.7

DBZ 17100 K 10.08 10.08 -7.5

DBZ 21110K 10.70 10.80 -8.0

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
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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; ¥ 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.



