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•  The need for accurate atmospheric parameters 
and abundances from an astrophysical point of 
view!

•  spectra as the ideal tool!

•  KASC and the characterization of asteroseismic 
Kepler targets!

•  motivation of the spring school!

outline!
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I. The need for accurate 
atmospheric parameters and !

abundances from an astrophysical 
point of view!

Teff!
logg!

chemical abundances !
vsini!

microturbulence 
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Fundamental stellar parameters!

To describe a star:! mass (M)!
luminosity (L)!
radius (R)!
age!
chemical composition!
angular momentum!
magnetic field!

Generally not directly observable!!
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Fundamental stellar parameters!

To describe a star:! mass (M)!
luminosity (L)!
radius (R)!
age!
chemical composition!
angular momentum!
magnetic field!

Generally not directly observable!!

                                 effective temperature (Teff)!
                                        surface gravity (logg)!

 define physical conditions of the stellar 
atmosphere and directly related to M, L, and R!

L= 4 π R2 σ Teff4! g = G M/R2 !

G=gravitational constant!σ= stefan-boltzmann constant!



Fundamental stellar parameters!

To describe a star:! mass (M)!
luminosity (L)!
radius (R)!
age!
chemical composition!
angular momentum!
magnetic field!

Generally not directly observable!!

                                 effective temperature (Teff)!
                                        surface gravity (logg)!

  Age estimated through theoretical 
evolutionary tracks in (Teff,L)- or (L, M)-diagram!
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Classification of stars!

 Teff and logg!
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Classification of stars!

 Teff! K. Uytterhoeven - Introduction!



requires detailed knowledge of 
properties of stellar populations!

(mass, ages, kinematics, chemical 
abundances,...)!

observations needed for stars of 
all ages and at different positions 

in the HR-diagram!

 !
characterization of stellar 

populations!

study stellar structure and evolution !
of the Milky Way !

 Teff,  logg, element abundances, rotation!
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Improve stellar atmosphere models!

observations needed for stars of all ages and at 
different positions in the HR-diagram!

 Teff,  logg, element abundances, rotation, microturbulence ξ !
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compare observed spectra with synthetic spectra!

synthetic spectra 
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test Instability strips !

 β Cep and SPB stars!

δ Sct and γ Dor stars!

De Cat et al. 2007, A&A 463, 243!

Uytterhoeven et al. 2011, A&A 534, 125!

Asteroseismic studies 

 Teff and  logg!



Modelling 12 Lac (β Cep star)!
Desmet et al. 2009, MNRAS 396, 1460!

error box!

The error box represents the position of 12 Lac in the log (Teff)−log g diagram. The positions of the 
models which fit exactly f2 (being the first overtone) and f3 are also shown for different αov values.!

accurate values!
 of Teff and logg needed to define unique 

asteroseismic model!

 Teff and  logg!
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studies of the chemical evolution of the Milky Way!

 element abundances !

careful analysis of chemical composition of !
different  populations of stars!

 = probe galactic chemical evolution + test element 
production by thermonuclear reactions in stellar 

interiors and by supernovae.!

original chemical composition: !
H (70%)!
He (28%)!
heavier elements (2%)!
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studies of the chemical evolution of the Milky Way!

 element abundances !

From models of chemical evolution:!

test abundance gradients across the Milky Way disk, gas 
infall episodes, and star formation rates!

additional applications!
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Kochukhov et al. 2004, A&A 424, 935 (RoAp star HR 3831)!

 element abundances and rotation !

study of abundance surface inhomogeneities 
(spots) 
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Beck et al. 2012, Nature 481, 55 (red giant star)!

Rotational splitting of pulsation modes!

 rotation!
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Reese et al. 2009, A&A 506, 189 !
 rotation !

test and improve pulsational models for !
rapidly rotating pulsating stars!

 deformation of surface velocity fields 
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test and improve models of convection!

microturbulence ξ

* one of broading mechanisms of absorption lines!

* most likely caused by convection !
(sub-surface convection zones in case of massive stars; outer convection 
layer in less massive stars)!

 microturbulence ξ !

accurate values of ξ important to test!
 atmosphere models !

and models of convection!
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and many other applications...!

• study of circumstellar matter!

•  relation between chemical peculiarity and 
rotation or magnetic fields!

• effects of stellar rotation on star 
formation rates!

• etc.!

 Teff,  logg, element abundances, rotation, microturbulence ξ !
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II. spectra as the ideal tool!
to derive atmospheric 

parameters!
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II. spectra as the ideal tool!

Teff!
logg!

microturbulence ξ
abundances !

vsini!

spectroscopy!

photometry!
(Teff, logg, metallicity [M/H])!

spectrophotometry!
(Teff, metallicity [M/H])!

infrared flux method!
(Teff)!
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II. spectra as the ideal tool!

Teff!
logg!

microturbulence ξ
abundances !

vsini!

spectroscopy!

photometry!
(Teff, logg, metallicity [M/H])!

spectrophotometry!
(Teff, metallicity [M/H])!

infrared flux method!
(Teff)!

 values always derived by comparison 
with model atmospheres!!!!

 (except when mass, radius, and angular diameter are known)!
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How to choose the ideal spectrograph?!

resolution!

low-resolution (R<5000)!
mid-resolution (5000<R<40000)!
high-resolution (R>40000)!
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low resolution (R<5000)!

Ulusoy et al. 2013, New Astronomy 22, 51!
(RSS longslit spectrograph  (R=3000)) 

Mainly use of Balmer lines!
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medium resolution (5000<R<40000)!

Lehmann et al., 2011, A&A 526, A124!
(Tautenburg spectrograph (R=32000))!

Select non-blended, well-resolved lines!
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high resolution!
        R>40000!

Niemczura et al., 2009, A&A 506, 213!

note: !
high-res in particular !

needed for slow rotators!

optimal!!
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How to choose the ideal spectrograph?!

resolution!

low-resolution (R<5000)!
mid-resolution (5000<R<40000)!
high-resolution (R>40000)!

Wavelength range!

Are Balmer lines well-defined?!
(interorder gaps / order definition) !
Is a sufficient amount of element lines 
available for a reliable analysis?!
(échelle spectrograph versus slit spectrograph)!
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How to choose the ideal spectrograph?!

resolution!

low-resolution (R<5000)!
mid-resolution (5000<R<40000)!
high-resolution (R>40000)!

Wavelength range!

Are Balmer lines well-defined?  
(interorder gaps / order definition) !
Is a sufficient amount of element lines 
available for a reliable analysis?!
(échelle spectrograph versus slit spectrograph)!

Signal-to-noise ratio!

at least SNR=100-150!
The higher the SNR, the better!  !
(note: SNR versus faintness of the star)!
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III. KASC and the characterization of 
asteroseismic Kepler targets 

KASC !
(Kepler asteroseismic science consortium)!
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Kepler data does not provide !
Information on Teff, logg, metallicity, 

vsini, chemical abundances !

•  To classify targets!
•  To provide input parameters 

for asteroseismic models!

 !
ground-based follow-up for the !

Characterization of Kepler 
asteroseismic targets!

see Uytterhoeven et al., 2010a,b!
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KIC - Kepler Input Catalogue!

Log(Teff)!

L
o

g
 (

L
)!

Multi-band photometry 
(sloan filters and 2MASS 
HJK) for all Kepler stars!

aim:!
distinguish dwarfs from 

giant stars!

Focussed on F,G,K, and M 
dwarfs!

(Latham et al. 2005; Brown et al. 2011)!
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KIC - Kepler Input Catalogue!

Log(Teff)!

L
o

g
 (

L
)!

problem:!
(Lehmann et al. 2011, A&A 526, A124!
Molenda-Żakowicz et al., 2011, MNRAS 412, 
1210)!

  no accurate Teff for 
hotter stars !
(Teff>7000 k) as Sloan 
filters + 2MASS HJK do 
not include Balmer 
Jump!

 uncertainty logg = 0.5 
dex!
not good enough for 
asteroseismic modeling !

independent and systematic !
characterization of Kepler stars needed!!
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Challenges…!

★ Systematic characterisation of 
5000+ KASC targets!!!!

Facts: !
≤14 targets can be observed per night !

with a 2m-class telescope !

 Many clear 
observing nights 

needed!!

KASC targets on Kepler CCDs! K. Uytterhoeven - Introduction!



 ★ Kepler targets are relatively faint 
(7<V<16; majority 12<V)!

SNR>100 needed for characterization !
          facts: high-res, SNR=100 with  2.5m-tel.!

V=9  Texp=  20min!
V=10 Texp= 45min!
V=11   Texp > 90min!

Challenges…!
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 ★ Kepler targets are relatively faint !
(7<V<16; majority 12<V)!

SNR>100 needed for characterization !
          facts: high-res, SNR=100 with  2.5m-tel.!

V=9  Texp=  20min!
V=10 Texp= 45min!
V=11   Texp > 90min!

Challenges…!

only characterization of bright targets (V<11) 
feasible in a systematic way!

observations of faint targets are very time 
consuming!

not many high-res spectrographs available 
at large telescopes!

 !
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40 different instruments at 35 telescopes !
on 23 observatories in 12 countries!

>1000 observing nights!

KASC ground-based follow-up, so far!

spectroscopy, photometry and interferometry!
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high-res mid-res low-res 
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2.7m & 2.1m McDonald   !

HRS@HET!

Guoshoujing  (a.k.a. LAMOST)!

Sophie@1.9m OHP!

HERMES@Mercator!
(see poster Peter De Cat)!
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K giants!

SARG@TNG! FRESCO@0.91m Catania!

                    FIES@NOT!

ISIS@WHT!

B&C@2.3m BOK!

Narval@TBL!

ESPaDOnS@CFHT!
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Soon to come...!

proto-type SONG-OT (Tenerife)!

high-res spectrograph (R~110000)!
dual-colour lucky imaging cameras!

see poster by Andrea triviño Hage!!

SONG network of 1m 
robotic telescopes!
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IV. motivation of the spring 
school 
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KASC WG3 !
Main Sequence 

Pulsators!

IV. motivation of the spring 
school 
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huge observational effort for 
systematic characterisation of!

B-A-F type stars!
(β Cep, SPB, δ Sct, γ Dor, ...)!

spectra for 1014 out of 3119 classified stars! =33%!

Lack of manpower with expertise to 
perform spectral analysis!

KASC WG3 !
Main Sequence Pulsators!

&

spectroscopic school!
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low-resolution spectrographs (R<5000)!

mid-resolution spectrographs (5000<R<40000)!

high-resolution spectrographs (R>40000)!

BFOSC  (1.5m Cassini, Loiano, I)!
Boller & Chivens spectrograph (2m SPM, MX)!
IDS  (2.5m INT, ORM, E)!
multi-object spectrograph (4m LAMOST, Xinglong, CN) !

ARCES (3.5m, APO, USA)!
FIES (2.5m NOT, ORM, E)!
FRESCO (0.91m Catania, I)!
HRS (9.2m HET, McDonald, USA)!
TWIN (3.5m, CaHa, E)!

CS23 (2.7m, McDonald, USA)!
ESPADONS (3.6m CHFT, Mauna Kea, USA)!
FIES (2.5m NOT, ORM, E)!
HERMES (1.2m Mercator, ORM, E)!
HES (3m Shane, Lick, USA)!
HRS (9.2m HET, McDonald, USA)!

NARVAL (2m TBL, Pic du Midi, F)!
SARG (3.6m TNG, ORM, E)!
SES (2.1m, McDonald, USA)!
SOPHIE (1.9m, OHP, F)!
spectrograph (2m, TLS, D)!
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B-type stars (#48)!
spectra for 45 stars (94%)!
low res: #13 ; mid-res: #15 ; high-res: #39!

Note: bias towards V<11 stars!
as faint targets are time-consuming!

access to large telescopes with high-res 
spectrographs needed!!
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B-type stars (#48)!
spectra for 45 stars (94%)!
low res: #13 ; mid-res: #15 ; high-res: #39!

δ Sct stars (#1607)!
spectra for 513 stars (32%)!
low res: #389 ; mid-res: #37 ; high-res: #151!
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B-type stars (#48)!
spectra for 45 stars (94%)!
low res: #13 ; mid-res: #15 ; high-res: #39!

δ Sct stars (#1607)!
spectra for 513 stars (32%)!
low res: #389 ; mid-res: #37 ; high-res: #151!

γDor stars (#1205)!
spectra for 331 stars (27%)!
low res: #281 ; mid-res: #12 ; high-res: #70!
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B-type stars (#48)!
spectra for 45 stars (94%)!
low res: #13 ; mid-res: #15 ; high-res: #39!

δ Sct stars (#1607)!
spectra for 513 stars (32%)!
low res: #389 ; mid-res: #37 ; high-res: #151!

γDor stars (#1205)!
spectra for 331 stars (27%)!
low res: #281 ; mid-res: #12 ; high-res: #70!

hybrid δ Sct /γDor stars (#259)!
spectra for 125 stars (48%)!
low res: #84 ; mid-res: #10 ; high-res: #67!
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accurate values of atmospheric parameters are 
important for several astrophysical studies!

To conclude!
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accurate values of atmospheric parameters are 
important for several astrophysical studies!

spectra are a powerful tool to derive 
atmospheric parameters!

To conclude!
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accurate values of atmospheric parameters are 
important for several astrophysical studies!

spectra are a powerful tool to derive 
atmospheric parameters!

high-resolution spectra are in particular very 
useful, but we need high-res spectrographs at 
larger telescopes (>4m) to observe faint stars!

To conclude!
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accurate values of atmospheric parameters are 
important for several astrophysical studies!

spectra are a powerful tool to derive 
atmospheric parameters!

high-resolution spectra are in particular very 
useful, but we need high-res spectrographs at 
larger telescopes (>4m) to observe faint stars!

we need manpower to help analysing spectra for!
>1000 B-A-F Kepler asteroseismic targets!!!!

To conclude!
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Enjoy the spectroscopic 
spring school!!
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