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Objetives

• To measure the magnetic activity using Hα lines.

• Compare Hα to other activity indicators.

• Observe the evolution of the Sun’s activity.

Introduction

Stellar activity describes phenomena related to the presence of magnetic
fields in the surfaces of stars. The study of magnetic activity provides
important diagnostics about the structure, evolution and atmosphere of
stars.

In this work we investigate the magnetic activity of Sun-like stars using
the following indicators: Hα emsission lines (measured in this study), Ca
II H&K emission lines (given in Ramirez et al. 2014) and the far
ultraviolet (FUV) flux provided by GALEX. Our sample consists of stars
that are very similar to our Sun in fundamental parameters, but cover a
wide range of ages. Thus, these measurements can be used to study the
evolution of the Sun’s magnetic activity.

Data and Instrumentation

Sample: 88 solar twins + Sun

Stellar ages between ∼ 0 and ∼ 10 Gyr

High-resolution optical spectra: MIKE Spectrograph on the 6.5 m Clay
Telescope at Las Campanas Obs. Chile

Observations carried out between Jan 2011 and May 2012

Far ultraviolet fluxes obtained from GALEX GR6

Hα index determination

To determine the Hα indices of our sample of 89 stars, we used the
optical spectra, which we show below for a few representative stars:

Figura 1: Flux Hα emission lines of four stars.

Note that important differences at the core of the Hα line between
different stars. Of these four cases, HIP103983 is the most active star.

The equation we employed to calculate the Hα index is:

Hα =
FHα

F1 + F2

(1)

where FHα, F1 and F2 are the fluxes measured in spectral windows
centered on the core and wings (given in Boisse et al. 2008), respectively:

FHα : 6562.13
◦
A − 6563.486

◦
A

F1 : 6545.495
◦
A − 6556.245

◦
A

F2 : 6575.934
◦
A − 6584.684

◦
A

These Hα indices are then corrected by the effective temperatures (Teff)
on the stars given that F1 and F2 depend on Teff, using the formula by
Gomes et al. 2013:

IHα = Hα+ 0.019(B − V )3 − 0.054(B − V )2 + 0.037(B − V ) (2)

where IHα is the Hα corrected by Teff.

Comparisson of magnetic activity indicators

The values of the Hα index shown that younger stars have a greater Hα
line emission is compared to the old stars.
Ignoring the outliers (see below) it is observed that the activity levels of the
stars are high up to about 4 Gyr according to the R’HK indicator, but Hα
seems appears to decay much faster. Only stars younger than 2 Gyr show
high Hα index.
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Figura 2: Stellar activity indices versus age of stars.

The stars represented with a circle show enhanced activity for their age,
while the stars represented with triangles shown enhanced activity in Hα
but not in R’HK.
For both R’HK and Hα, the values measured for the Sun throughout the
solar cycle (shown as data point with error bar) are consistent with those of
the solar twin sample.

Conclusions

F Hα is a good magnetic activity indicator, but it behaves differently than
R’HK.

F The stellar activity depends on the age of the star since the younger star
is, the greater its emission lines’ flux in R’HK and Hα lines are. The FUV
flux appears to follow the same behavior, but it is significantly more noisy.

F Some stars exhibit enhanced activity in Hα but not in R’HK (triangles in
Figure 2). This could be due to their different formation heights in the
stars’ chromospheres.

F A few stars exhibit a much greater excess in Hα and R’HK for their ages
(circles in Figure 2). These may be stars which have been rejuvenated by
the presence of a close companion, either by angular momentum or recent
mass transfer.
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