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Stellar evolution:

• 1957 –thermonuclear reactions in stars 
explained 

• 1965  1st dredge-up
    1973 extra-mixing

•                Galactic evolution:

• 1983 thick-disk
• Radial abundance gradients
• Kinematic groups



Solar composition

Ael =log Nel/NH + 12.0



Ael =log Nel/NH + 12.0

Standard Solar 
composition

AC = 8.52

    AN = 7.92
AO = 8.83

    C/N = 3.98
12C/13C = 90

    1-st dredge-up
       Iben (1965)

   C decrease 30 %
   N increase 80 %
   O unaltered

   C/N ≈  2.0
    12C/13C ≈ 20 – 30



Charbonnel, 1994, A&Ap, 282, 811



Charbonnel 1994, A&Ap, 282, 811



Boothroyd & Sackman 1999, 
ApJ, 510, 232

   First discrepancies from 
   the standard theory came
   when :

● Arcturus was found to 
   have 12C/13C = 7.2 ± 1.5 
   (Day et al., 1973)

● The enhancement of CN
    bands was reported for 

the clump stars in M 67 
    (Pagel, 1974)
 



Boothroyd & Sackmann 1999, ApJ, 510,232







Field red clump giants

















Spectral lines according to 

siutability 

• Oxygen – [O I], IR OH, O I, UV OH 

• Carbon – [C I], C2, CH, C I

• Nitrogen – CN, N I, NH



Teff = 5500 K

log g = 4.0

[Fe/H] = –0.4



Teff = 4500 K

log g = 3.0

[Fe/H] = –0.4



Tautvaisiene, 
Edvardsson,
Bartasiute, 
2003, Baltic 
Astron. 12, 532

 
Teff = 4500 K
log g = 3.0
[Fe/H] = –0.4



Teff = 4500 K, log g = 3.0, [Fe/H] = –0.4
Δ [C/Fe] = –0.2, Δ[N/Fe] = 0.4, C/N = 1

NH    λ 0= 3400 Å, Δλ = 200 Å    8 %     19 mag



Teff = 5000 K, log g = 2.5, [Fe/H] = –1.5
 Δ[C/Fe] = –0.5,  C/N = 0.3

NH   λ 0= 3400 Å, Δλ = 200 Å    12 %   19.5 mag



Thick-disk 
formation

• Fuhrmann 1998
• Proshaska et al. 2000
• Tautvaisiene et al. 2001
• Gratton et al. 2003
• Bensby, Feltzing et al. since 2003
• Reddy, Lambert & Prieto 2006



Milky Way
Pagel & Tautvaisiene 1995, 1997









Teff = 5500 K
 log g = 4.0
[Fe/H] = –0.4
    

  

         

 Tautvaisiene &
 Edvardsson 
  (2002) 



Teff = 4500 K
 log g = 3.0
[Fe/H] = –0.4
    

  

         

 Tautvaisiene &
 Edvardsson 
  (2002) 



Teff = 5500 K, log g = 4.0, [Fe/H] = –0.4, Δ[α/Fe] = +0.3
Tautvaisiene & Edvardsson (2002, Ap&SS, 280, 143)

Ca II   λ 0 = 3955 Å,  Δλ = 100 Å,  8 – 11 % ,  16 – 17 mag 

Mg I   λ 0 = 5200 Å,   Δλ = 80 Å,   2 – 5 % ,     16 – 17 mag 



      Teff = 4500 K
 log g = 3.0
 [Fe/H] = –0.4

    

            (a)
      [C/Fe] = –0.2
      C/N = 1

       (b) – (e) 
 from Tautvaisiene &
 Edvardsson (2002) 
 



                                                                        Dwarfs        Giants

Ca II   λ 0 = 3955 Å        [α/Fe] = ± 0.1      16.3 mag    17.0 mag  

           Δλ = 100 Å          [α/Fe] = ± 0.2       16.7 mag    17.9 mag

Mg I   λ 0 = 5200 Å         [α/Fe] = ± 0.1      15.6 mag     17.3 mag

          Δλ = 80 Å             [α/Fe] = ± 0.2      16.5 mag     18.2 mag

NH     λ 0= 3400 Å         [N/Fe] = ± 0.1                         19.0 mag

          Δλ = 200 Å 



CONCLUSIONS I
• For the accurate determination of stellar main 

atmospheric parameters the influence of C, N, O and 
alpha-process elements should be taken into account

• Carbon features are abundant in stellar spectra and 
are sensitive both to mixing processes in stars and to 
abundances of alpha-process elements 

• The best feature for the evaluation of CNO 
abundance alterations is NH at 3400 Å

• The best features to evaluate abundances of alpha-
process elements are Ca II at 3955 Å and Mg I at 
5175 Å

• Modern science and technology urges us to receive 
from  space observations more information and of  
higher accuracy !



NGC 7789 

Vilnius photometry 

  P (361-387 nm)

  X (394-416 nm)

  Y (453-479 nm)

Giants 11 stars:

 [Fe/H] = –0.21±0.03

 Clump 11 stars:

 [Fe/H] = –0.15±0.03



Spectral investigations

NGC 7789
Δ[C/Fe] ≈ –0.2
12C/13C ≈ 9

Δ[N/Fe] ≈ +0.3

Giants:

C/N ≈ 1.9 ± 0.5

Clump:

C/N ≈ 1.3 ± 0.2



Δ [C/Fe] = –0.2

Δ[N/Fe] = +0.3

Teff =5000 K 

log g = 2.5 

[Fe/H] = 0

Teff =4250 K 

log g = 1.5 

[Fe/H] = 0



Radial abundance gradients of CNO



Oxygen in open clusters





Carbon in open clusters: 
red clump stars





Nitrogen in open clusters



























Dwarfs









Conclusions II
• Work on stellar CNO abundance radial 

gradients in the Galactic disk is on its initial 
stage

• Stars of the thin and thick discs should be 
analysed separately

• Giants of the same evolutionary stage also 
may be useful

• Most trustful spectral features should be 
used

• Promising results to come from AMBRE, 
APOGEE, Gaia-ESO Sp. Survey, Gaia, etc.



Chemical composition of kinematic 
groups







G
C



Spectra of one thousand million of stars from 
Gaia  space observatory will be provided 

starting from 2014
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