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Sample & high resolution spectra

Selection of lines of CH, C,, CN (and NH)
Spectral synthesis

Abundance results and their errors

Conclusions & perspectives
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CH A-X & C, D—A lines

13 stars without planets 15 planel hosts

mean = +0.14 dex mean +0.22 dex

sigma = 0.19 dex sigma = 0.20 dex |

95% t—test: samples wilh equal means!
—

Frequency of stars (%)

CN B-X 4195A line
12 stars without planets 14 planet hosts
mean = +0.25 dex mean = +0.23 dex
sigma = 0.26 dex sigma = 0.39 dex |

95% t—test: samples with equal means!




iron lines
13 stars without planels 15 planelt hosls
mean = +0.06 dex mean = +0.15 dex

sigma = 0.17 dex sigma = 0.15 dex |
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95% t—test: samples with equal means!
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Sample & Spectra

® 28 out of 89 solar analogues from Takeda’s sample of 160

nearby mid-F to early-K dwarfs and subgiants (Takeda+
2005)

® blue spectra & thin disc (our kinematics classification)
® 15 are planet hosts (exoplanet.org on 20 Jul 2017)

® 5277 <T. <6277 K; 3.84<log g <5.04; -0.33 < [Fe/H] < +0.33
(500 K, 0.60 dex & 0.33 dex around solar value)
® <e(T.)>=15K; <e(log g)> = 0.04 dex ; <e([Fe/H])> = 0.016 dex

® Spectra
® QOkayama Observ. 1.88m+HIgh-Dispersion Echelle Spectrograph
® R=70,000
® blue : 3900-5100 A <S/N> = 320

® green-yellow : 5000-6200 A <S/N> = 207 (R=90,000 for 13
stars only, narrower slit)



13 stars without planets
15 planet hosts (filled circles) o
Takeda's 28 solar analogues (thin dise, blue spectra)

Takeda's 160 FGK dwarfs/subgiants
BaSTI ''solar'® tracks: 0.90, 1.00, 1.10, 1.20, 1.30 & 1.50 M,

370

log(T,, (°K))

age of sample stars: from 2 up to 9 Gyr
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13 stars without planels
15 planet hosls

Takeda's solar analogues (thin disc, blue spectra)

BaSTI ''solar'’ tracks: 0.90, 1.00, 1.10, 1.20, 1.30 & 1.50 M,

3.70
log(T,,, (°K))




Selection of molecular Iines

% Visual inspection on a solar atlas to look for candidates
of “1solated”/sensitive spectral features

% Spectral synthesis diagnostic

% (Calibration to the solar spectrum

Spectral synthesis

® MOOG 2014 + VALD atomic & Kurucz molecular lines
® D, (CH)=3.464 eV, D,(C,)=6.156 eV, D,(CN)=7.65 eV

® Castelli & Kurucz (2004) model atmospheres
® Galactic [alpha/Fe]-[Fe/H] trend from nearby stars

® Solar chemical pattern by Asplund+2009 & Grevesse+2010
® loge (C)=8.43, log € (N)=7.83, log € (0)=8.69 & log € (Fe)=7.50

® Python script to derive [ X/H] from the spectral synthesis
(rms based)



NOAO/IRAF V2.15.1a milone@Andres-MacBook-Pro.local Mon 15:05:06 10-Jul-20
[vestab_vm180.fits]: Vesta 45. ap:l beam:106
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CH A-X lines: example of calibration to Sun

HD999999
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T_feff} = 5777 K [C/H] = —0.01
log(g) = 4.44 [Fe/H] = 0.00
v_j{macro} = 3.30 km/s [C/Fe] = —0.01
v.sin(i) = 1.75 km/s rms_j{min{ = 0.0045
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2 lines of C, D-A (Swan System):
example for (0,0) A 5165A

HDO16141 HDO16141

Ill|]lllllllfl]flfl]lllll'llll T T TgTr T3

/ /”

¥ T | S BRI
/
/

/

il | S B |

mlljl

>
5
=
o
0
b
f
&
o
o

FYTY FYTYY PYTYY YR PYPTL FYT) FYYTY FYOVY YTYY YTYY FYYYY PYY PYYY FYYPY (YPTY 0000 (OPLATITI 1

b L L AL AL L) L) LY LA LY AL L LU L i L LR R L

A
|

o
o |

T feff} = 5720 K [C/H] = 0.11
log(g) = 4.00 [Fe/H] = 0.10

e )y | g o g o | NS OR g pay g | s 1 g
51648 51649 5165 5165.1 51652 5165.3 v-imacro} = 3.84 km/s [C/Fe] = 0.01
wavelength (A) v.sin(i) = 1.73 km/s rms_{min} = 0.0029

LI O BLULEL Y LA LA L

T
H
H
'
H
H
H
H
H
H
H
H
H
i
H
H
H
H
'
H
H
H
H
H
PRTIT IR VP T

TT




% variance-weighted of [C/H] 4 and [C/H],

% errors in [C/H]cy; and [C/H],; of individual lines
® due to spectral synthesis and parameters errors

® HDO016141 as “average” star
® typical lines: CH B-X A4217A & C, D-A A 5165A

error[C/H| = sqrt(e[C/H|3.# + e[C/H|Z _ + e[C/H][zFe/H] +e[C/H]? )

logg synthesis

error|C/H]|cy; = sqrt(0.007% 4+ 0.005% + 0.000% + 0.01%) = 0.013 dex
error|C/H]|cz; = sqrt(0.008% + 0.0022 + 0.009% + 0.01%) = 0.016 dex

s — ZuX/H)/)

[C/H] g and [C/H], 2i(1/€?) [C/H]

mean errors > i(1/e?) mean error
+0.005 & *0.014 dex +0.004 dex



C2

<[C/H]>: two C, lines vs. eight CH lines

y=(-0.025+0.022)+(0.906+0.081)x
rms, 0.070 dex

r~0.932
95% t—test: x=0.028+1.104y

0.00.
[C/H ]CN.l%acn




macro

Vimacro = Vmacro.e — 0.0070 Tog + 9.2422x107 T2, — 1.81(logg — 4.44) + 9.95

Santos et al. (2016)

Botelho (2 Fe lines) vs. Simbad

y=(-0.039£0.699)+(0.940+0.159)x P g
=1.879 d Z
rms, x + g F
r-0.783 /
rd
95% t—test: x=0.041+4+1.000y
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no isotopic data
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NOAO/IRAF V2.15.1a milone@Andres-MacBook-Pro.local Mon 16:01:41 10-Jul-20
[vestab_vm180.fits]: Vesta 45. ap:l beam:106
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® [N/H] oy ~> 0.027 dex !
% due to spectral synthesis and parameters errors
® HDO016141 as “average” star
® line: CN B-X A4195A

error[N/H|onj = sqrt(e[N/H|%q + e[N/HJR . . + e[N/H]%, 5 + e[N/H]|2 )

logg synthesis

error[N/H]cn; = sqrt(0.02% + 0.008% + 0.013% + 0.01%) = 0.027 dex



13 stars without planets

15 planel hosts

A

12 stars without planets

14 planet hosts




Conclusions & Perspectives

® a list of CH A-X, C, D-A and CN B-X lines at the blue and
green regions

® However, more CN lines and additional NH lines are requested...
(e.g. CN B-X 4215A4)

® high precision of [C/H] and [N/H] based on these molecular
lines

® ef/C/H]=0.004 dex & e/[N/H]=0.027 dex !

® no statistical difference in [C,N/H] between solar analogues
with and without giant planets (15 and 13 respectively)

® However, C and N abundances may be different...need for greater
samples...

® homogeneously redetermine the photospheric parameters to
fine tune the spectral synthesis of molecular features and
improve the final results...



