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Topics

● Introduction on chromospheric activity

● The S-index and log R'
HK

● Evolution of chromospheric activity with time
● Evolution of rotation
● Open issues
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Chromosphere:Chromosphere:
Dominant non-radiative heating Dominant non-radiative heating 
Loss through core of strong linesLoss through core of strong lines

What a chromosphere is



  

Summary of lesson 1:
what a chromosphere is



  

The S-index

H +H + K K



  

The S-index

  H KH K



  Baliunas et al 1995

Baliunas et al 1998:
~60% periodic, cyclic variations,
~25% irregular or aperiodic variability 
~15% flat activity



  

Skumanich law (1972)



  

The S-index measurements in the 
literature

● The HK project started in the mid 60s in the 
Mount Wilson Observatory by Olin C. Wilson

● Lowell Observatory (Solar Stellar Spectrograph)
● California Planet Search
● Carnegie Planet Search

 Arriagada (2011); Jenkins et al. (2011); Baliunas et al. (1995); 
Knutson et al. (2010); Cincunegui et al. (2007); Lockwood et al. 
(2007); Duncan et al. (1991); López-Santiago et al. (2010); Gray 
et al. (2003); Schrõder et al. (2009); Gray et al. (2006); Tinney et 
al. (2002); Hall et al. (2007); White et al. (2007); Henry et al. 
(1996); Wright et al. (2004); Isaacson and Fischer (2010)



  

CA evolution



  

CA evolution



  

CA evolution



  

Mamajek & 
Hillenbrand 

2008



  

NGC752

“old field”
NGC188 M67+Sun



  

Rotation evolution: gyrochronology 
(Barnes 2010)

 M35+Pleiades(~150 Myr)  M37 (~400 Myr)

C
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 convective 
turnover
timescale

The model is cali-
brated on the Sun 

with input from
open-cluster rotation 
period observations

C



  

gyrochronology is a 
phenomenological description of 

rotation evolution that can be 
approximated at old ages by the 

Skumanich law. However, there are 
no direct rotation period 

measurements for clusters older 
than the Hyades (3 old clusters in 

the Kepler field, Meiobom). 



  

Rotation and chromospheric activity 
(Mamajek & Hillenbrand 2008)



  

Rotation and chromospheric activity 
(Mamajek & Hillenbrand 2008)



  

Binaries 
(Mamajek & Hillenbrand 2008)



  

Binaries 
(Mamajek & Hillenbrand 2008)



  

Binaries 
(Mamajek & Hillenbrand 2008)



  

Conclusions

● Considering all available data on 
chromspheric activity, all indications of a  

                   kind of law, vanish
● There is evolution, but it stops after ~2Gyr
● Environment may play a role (M67 is more 

active than solar-age field stars)
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