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Boothroyd & Sackman 1999, ApJ, 510, 2321st dredge-up   (Iben 1965)

12C decreases by 30 %
14N increases by 80 %
16O unaltered

12C/14N = 3.98    2.0 
12C/13C = 90   20 – 30

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
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o M67 giants

• M67 clump stars

(Tautvaisiene et al. 2000)



• 10 RHB stars 

(Tautvaisiene et al. 2001)

• 6 RHB stars

(Gratton, Sneden, Carretta, 

Bragaglia 2000)



Thermohaline 
mixing 



Charbonnel & 

Lagarde, 2010, 

A&A, 522, 10



Models: Boothroyd & Sackmann (CPB, 1999)

Charbonnel & Lagarde (TH, 2010)
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Observations: Tautvaisiene et al. Mikolaitis et al.

Smiljanic et al. (2009), Gilroy (1989), Luck (1991)



Lagarde et al. 2012
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Lagarde et al. 2012

1 2 3 4

0.5

1.0

1.5

2.0

2.5

1 2 3 4

0.5

1.0

1.5

2.0

2.5

 

 

 1st dredge-up

 TH

 TH + V(110)

 TH + V(250)

 CBP

 

 

C
/N

M/M
sun

1 2 3 4

0.5

1.0

1.5

2.0

2.5

 

 

C
/N

M/M
sun

 Z = 0.014

 Z = 0.004



Open Clusters (NGC 7789)





Tautvaišienė et al. 1992, 2011, 2013 

Barisevičius et al. 2010a,b, 2012

Cromospherically active stars: RS CVn 



Teorinės fizikos ir astronomijos is

http://web.njit.edu/~gary/728/Lecture12.html





Atmospheric parameters



Chemical composition of photospheres 

in RS CVn stars

 We determine 12C/13C ratios in RS CVn stars and compare with 

theoretical models of the 1st dredge-up and of extra-mixing.

 In low-mass chromospherically active RS CVn stars, such as  λ And and 

29 Dra, the extra-mixing starts earlier than in non-active giants.   

33 Psc, which has almost negligible activity, has no extra-mixing.



Thanks for your attention 





Carbon isotope ratios
(Tautvaisiene et al. 2010, 2013) 


