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® CO°BOLD models in the stellar context

9
o

CO°BOLD? What's that?
CIFIST+ 3D model atmosphere grid

® 3D model systematics, comparison to others

® The solar oxygen abundance

N

Quote from the book “Oxygen in the Universe” (Stasinska et al. 2011) from the
section on the solar photospheric abundance of oxygen:

In this section the team of authors ran into the awkward situation that there
was no unanimous opinion among the team members about the best procedure

of its determination and ultimately best estimate of the orygen abundance in
the solar atmosphere.

® More on solar abundances, successes and lingering problems

® Some — but not all — aspects intended as message to solar astronomers

Overview
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Salar Granulation: d3gi57gq44n94
Intensity & specific entropy

Tirme= 331.8 min dirms: 15.2 &

® C(COnservative COde for the COmputation of COmpressible COnvection in a BOx
of L Dimensions, L = 2, 3

® B. Freytag & M. Steffen, with contributions from S. Wedemeyer-Bohm,
J. Leenaarts, W. Schaffenberger, HGL

® Solution of the HD or MHD equations coupled to equation of radiative transfer

® Result: statistical realization of flow from sub-photosphere to chromosphere

3D atmospheres > TOC > FIN 2.1
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(Ludwig, Caffau, Steffen, Freytag, Bonifacio, Kucinskas)
® T.g-logg - [M/H] space, filling of parameter space mainly project driven
® In addition models at [M/H] = —4, brown dwarfs, and hydrogen-rich WDs
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(Figure courtesy M. Steffen)

® Solar CO°BOLD and Asplund et al. (2004) model differ by ~ 100 K
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3D model systematics: 3D models move closer
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(Figure from Beeck et al. 2012)

® CO°BOLD and STAGGER (Collet et al. 2011) agree within 50K for 7509 < 1

® Discrepancies reduced by about factor 2
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® Theory challenges precision of semi-empirical models and observations!
® Absolute intensities at disk-center measured to 1-2 %, higher precision possible?
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® Prime abundance indicator for O in the Sun and late-type stars, immune to NLTE

® Blended by a Ni line, gf measured by Johansson et al. 2003

630 nm feature > TOC > FIN 4.1



6.5 S ' | I I T T 3
6.4F :
g Reetz99(HM)
6.3F Reetz99(GRS88) E
- L +% W Caffau08(3D,HM) :
6.2 c YAsplund09(3D) E
Z ; Caffau12(3D, more CL data) ;
< 61F E
E w Caffau09(HM,CL) AAYreso7 -
g K Allende01 é
6.0 =
: A Caffauo9(3D,CL) E
59F * flux E
E K intensity

855 860 865 870 875 880 8.85

A(O)

(dashed/green: disk-center, solid/red: disk-integrated; star: 3D, square: 1D model; grey bar: Ni range)

® Recognition of possible Ni blend — low-O abundance from feature

630 nm feature > TOC > FIN 4.2



P Which is the chemical composition of the solar photosphere?

®» Are 3D models important in the abundances determination?

®» yes because:
& 3D correction can be as large as 0.1 dex
® no necessity to fix ayrr and Emicro IMportant for some elements

® Are 3D models responsible for the downward revision of the solar metallicity?

® no because usually abundances from 3D model larger than from 1D reference
model
® exceptions:
& Th, because on red wing of strong blend
® N, lines with high E,, formed deep in the photosphere
® this answer depends on the reference 1D model

® How to put the chemical analysis of the Sun with respect to the chemical analysis
of other stars

overview > TOC > FIN 5.1



Photospheric solar abundance of 13 elements

EL N | CO°BOLD AGS89 GS98 AGS05 AGSS09

Li 1 1.16 £0.10 | 1.10+0.10 | 1.05+0.10 | 1.05 + 0.10
C 43 | 8.50 +0.06 | 8.56 +0.04 | 852+ 0.06 | 839+ 0.05 | 8.43 + 0.05
N 12| 7.864+0.12 | 8.05+0.04 | 7.924+0.06 | 7.78 + 0.06 | 7.83 + 0.05
0 10 | 8.76 +0.07 | 8.93 4+ 0.035 | 8.83 4+ 0.06 | 8.66 + 0.05 | 8.69 + 0.05
P 5 5.454+0.04 | 5.454+0.04 | 5.36 +0.04 | 5.41 + 0.03
S 9| 7.164+0.05 | 7.21+0.06 | 7.33+0.11 | 7.14+0.05 | 7.12+ 0.03
K 6 5.124+0.13 | 5.124+0.13 | 5.08 + 0.07 | 5.03 + 0.09
Fe 15 7.67 +0.03 | 7.50 4+ 0.05 | 7.45 4+ 0.05 | 7.50 &+ 0.04
Zr 15 2.60 +0.03 | 2.60+0.02 | 2.59 +0.05 | 2.58 + 0.04
Eu 5 0.514+0.08 | 0.514+0.08 | 0.524+0.06 | 0.52 4+ 0.04
Hf 4 0.884+0.08 | 0.884+ 0.08 | 0.88 4+ 0.08 | 0.85 4+ 0.04
Os 3 1.45+0.10 | 1.45+0.10 | 1.45+0.10 | 1.25 + 0.07
Th 1| 0.08+0.03]|0.124+0.06 | 0.094+0.02 | 0.06 4+ 0.05 | 0.02+ 0.10
Z 0.0154 0.0189 0.0171 0.0122 0.0134

Z /X 0.0211 0.0267 0.0234 0.0165 0.0183

AG89 Anders & Grevesse Geochemica et Cosmochimica acta, 1989 Vol. 53

GS98: Grevesse et Sauval; Space Science Reviews 85: 161-174, 1998

AGS05: Asplund et al; ASP Conferences Series, Vol. 336, 2205
AGGS09: Asplund, Grevesse, Sauval, & Scott, ARA&A 2009

CO5BOLD solar abundances
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® 3D abundance corrections take into consideration hydro-effects on the abundance
determination.

® The abundance of Y being A(Y)=log ;X + 12

® quantity related to the line strength:
£ a ratio of a quantity related to the line opacity ny over one related to the
continuum opacity mainly due to H™ in the cool dwarfs.
® \We define them as:
» A(Y>3D o A(Y)lDLHD

takes into consideration the effects of convection on 3D temperature structure

® A(Y)3p — A(Y) 3py |
takes into consideration effects of fluctuations around the mean stratification

Both are function of micro-turbulence and the first one of the mixing length parameter.

3D corrections > TOC > FIN 7.1



Generally 3D-effects for the abundance determination in the Sun are small
Th, Fe are exception

EL | N | ion CO°BOLD | 3D-1Dyup | 3D-(3D) | role of 3D
Li 1 | Li1 |/F | 1.02 £ 0.02 3D-NLTE
C |43 | C1 |/F | 8.50+0.11 +0.02 —0.03 | &micro

N | 12 | NI I 7.86 +0.12 —0.05 —0.01 | amuT

O | 10| Or1 |/F | 8.76 £ 0.07 +0.05 +0.01 | &micro

P 5| P1 |/F | 5.46 + 0.04 +0.03 +0.01

S 6| SI F 7.15+0.06 +0.04 +0.01 | &micro

Fe | 38 | Fer | | 7.45 £+ 0.06 +0.11 +0.03 | &micro

Fe | 15 | Ferr | I/F | 7.51 £ 0.08 +0.08 +0.05 | &micro

Zr | 15 | Zru1 | I/F | 2.62 +0.06 +0.01 —0.00 | &nicro

Eu | 5| Eutr | I/F | 0.52+0.03 +0.01 +0.02

Hf | 4 | Hfir | I/F | 0.87+£0.04 +0.02 +0.01

Th| 1| Tho|I/F | 0.08+0.03 —0.10 Line asymmetry

Average over several lines

solar abundances
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® £=0.6kms™, A(Y),p — A(Y)1DLHD
$ = 1.2kms~1 : A(Y)gD - A(Y

® Disc-integrated
$ ¢=15kms™!, A(Y)sp — A(Y)1p, i,

0.8

® 15 FelIl lines, 0.8 pm<EW<8.8 pm
® £=09kms 1, A(Y),p — A(

® In a reasonable range of micro-turbulence 3D correction can change up to 0.1 dex
® Disc-centre
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® A change in the o parameter produces a change in the abundance from 1Dy gp
model, and as a consequence a change in the 3D correction

® this effect evident for lines from transition of “high” Eiow

® for a sample of 12 N1 lines: a = 1.072 = AN)1p, oy = 7.897 005 dex
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Unresolved problems

Problems3D corrections > TOC > FIN 111
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The two [Ol] lines do not give same A(O) in dwarf stars.

9.2 | | | I I I | I I I I | I I I I | I | | |

9.0 - —

A(0)
(00]
(00
o
X
B
]
—=F
L

8.6 - g -

8.4 —

4000 4500 5000 5500 6000
Teff [K]

A(O) from [Ol] lines, 630 nm circles and 636 nm crosses

Oxygen > TOC > FIN 14.1



1-00 LILIL I LI I LILIL I LI I LILEL I LI
T T T T T T T T T T T T T T T T T T T T T T B N
1.0 -+ - ] L a
x ] ] . o98f .
= i i 1 2 i T
: ool T | 1 & ; ]
! i H 13 o8 ]
I 4 @ B 7
[} 06 -1 | - : _
z | 1 i o _
- T 1 £ 094 .
i TN NN N N [N TN TR TR TR N TR S S | |__ TN NN N N AN TN TR TN TR NN SO S S | |_ 2 ]
LN S S B D BN N S B N B S R — LN S S B I BN R S B N B S — _
10 =T — = i
y i I | 0.92 A(0)=9.00 —
5 08 __ _"_ __ AR N N N NN TN M N TR TR MO AN TN N MO AN N N A N A T ]
3 Tt 1 - 636.34 636.36 636.38 636.40 636.42
S [ T ] Wavelength [nm)]
g 06 —+4 - B I I I I I I I I I I I I I |
= - T 1 1.00 - -
i TN NN N N [N TR TR TR TR NN TR S S | |__ TR NN N T [N TR TN TR TN NN SO S S | |_ 5% : :
630.0 630.0 630.0 6830.0 630.0 630.0 630.1 [ 0'98 __ =
Wavelength [nm] Wavelength [nm] = - ]
PO e o o e o e S BN e e e e e T T T T T T T T [ T T T [ T T T [T T7T - -
o S :Wﬂﬂ“ﬁﬁ 1 g 0.96 - -
s - i [ T 1 / 1 @ B ]
X _ 1 A 1 ! { ] = - -
© 09f o 1 Vo ] @ 0.94 |- .
5 T L T | ] £ - -
A | Ll J 1 1T 7 ] o B -
,_“, ] H{ L ’,‘ Z 0.92 — ]
g r 9 / T Loy - - :
5 osf L + ¥, - - .
. i K 0.90 - -
- B B 1 1 1 1 1 1 1 1 1 1 ]
TN T T N T T T N T Y TN T N T T T N T T W N T Y N N Y Y N T [N T T T O T O
636.3 636.4 6364 6364 63864 636.3 6364 6364 6364 6364 630'00 630.05 630. 10
Wavelength [nm] Wavelength [nm] Wavelength [nm]
Arcturus a Cen A

Oxygen > TOC > FIN 15.1



There is some subjectivity in the EW measurements
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Good results

Agreements > TOC > FIN 21.1
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3D 1D, 11p
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® some work on 3D models necessary

® observational material need improvements

® reproducibility of observations
® characterisation of observing conditions (active regions, telluric absorption)
® characterisation of instruments (instrumental profile, scattered light)

® centre-to-limb observations (in the process of collecting)

® absolute flux calibration
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