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KEPLER / Søren  Meibon, ApJL  733 L9. 2011!
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Long  Periods!
 (Prot)!

Rotational velocity!

ZAMS SPREAD: Depends on 
locking time-scales!

Time in log (age)!



!  A known rare class of objects!

!  Dating purpose!

!  Associated with rotation 
periods (Prot)   -> stellar 
gyrochronology!

!  Small range of masses!

!  F-type subgiants are 
important for studying  solar-
like oscillations !

The evolving Sun 



!  Subgiant branch:  their surface 
convection zone becomes 
deeper. !

!  The matter that resided below 
the surface convection zone at 
the MS is then exposed. !

!  The Prot of subgiant stars 
could constrain the interior 
angular momentum distribution 
and mixing in low-mass stars. !

do Nascimento et.al 1999 , do Nascimento et.al 2003 A&A 

The first 
Dredge -up.!
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Teff!



–  196 subgiants  classified as subgiants 
by Gazzano et al. (2010) 

–   CoRoT Exo-dat  (Deleuil et al. 2006; 
2009; Meunier et al. 2007) 

–  Public data level 2 (N2) delivered by 
the CoRoT pipeline after nominal 
corrections (Samadi et al. 2006). 

–   Teff, logg, [M/H], vsini from  Matisse 
(Recio-Blanco et al. 2006)  

 Infrared  JHK  2MASS band  
 c1, c2, c3 e c4 (Catelan et al. 2011) 

do Nascimento et al. A&A 548, L1 (2012)!





Prot = 84.2 days!





!  Mixed 
models 
permit 
the 
detection 
of core 
rotation 
in 
evolved 
stars!

!  Strong 
structural 
evolution 
in 
subgiant
s:!



!  Lomb-Scargle  

!  Plavchan Periodogram 

!  Wavelete 

!  Phase Diagram 

!  Prot = 74 d 

- FAP (False Alarm Probability) < 10-6 

-  Prot error   σ Prot = 0,2865 FHWM 

Quality 



Lucianne Walkowicz  (2012)!



do Nascimento et al. A&A 548, L1 (2012)!



! Physics adopted for the transport of internal 
angular momentum for the present modeling  
used the same approach as Pinsonneault et 
al. (1989) after updating the treatment of the 
instabilities relevant to the transport of 
angular momentum according to Zahn 
(1992) and Talon & Zahn (1997). !

! Initial conditions: The rotational properties are 
influenced by the pre-main-sequence phase. 
Kawaler (1987) determined the initial angular 
momentum for the Sun as J0 =1.63×1050 g 
cm 2 s−1.!

! Angular momentum loss: Kawaler (1988) 
described the angular momentum loss for 
stars with an outer convective envelope as!

do Nascimento et al. A&A 548, L1 (2012)!







Prot agree well with the range 
of periods determined from 
the activity modulation 
studies of subgiants of 1 
Solar mass!

high-precision Ca II 
H&K chromospheric 
activity measurements!
             + !
Mount Wilson S index!

Model Validation: Periods from Lovis et al (2011) !!!!







Thank  you!  


