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Determination of the effective temperature from Hα 
spectral line analysis of solar-type stars

Determination of Teff – Balmer lines Method

The wings of the hydrogen lines in the Balmer series are good 
indicators of Teff. Independently calculated values of  [Fe/H] and 
Log g allow us to get Teff with high precision. We use a χ2 
minimization scheme to derive Teff.  For the solar case we obtain 
5752 ± 16 K in good agreement with the value obtained by 
Barklem et al. (2002): 5730 ± 80 K [1]. The fact that we do not 
recover the nominal solar effective temperature suggests that 
there is  still room for improvement in the modeling of Balmer 
lines. We apply zero point corrections to force Teff= 5777 K in 
our solar analysis. On average we obtain Teff values with an 
internal error bar of 20 K. 

Metallicity Effects  

Comparison  of the Teff difference vs. Logg

The panel shows the Teff differences  [Teff(other)-Teff(Hα)] vs 
Logg. In the [Teff(R09) – Teff(Hα)] case (lower panel), the Teff 
difference tends to increase with Logg while the other plots do 
not show similar dependence on Logg. This could be due to the 
fact that the excitation  equilibrium method of Teff derivation is 
degenerate  in Teff and Log g.

AfterBefore
Conclusions and Future work

Teff values have been calculated for a sample of 
62 solar analog stars, with an average internal 
error of about 20 K, which is lower than those 
obtained with other methods (about 50 K).

The high accuracy of our Teffs allows us to find 
small Teff differences and their dependency with 
stellar parameters, as in the case of the Ldr 
method. By combining Teff values from 
independent methods (after understanding and 
correcting for  small trends), a  final Teff can be 
derived for each star. This will allow us to obtain 
extremely precise Teff values(with errors of about 
10 K), which are necessary to measure highly 
precise chemical composition abundances of stars 
[8]. They also allow us to determine accurate 
solar colors. For example, we derive (B – V)Θ = 
0.643 ± 0.012.

Comparison of  Teff(Hα) 
with other methods

Our calculated  Teff(Hα) values 
have been compared with other Teff 
determination methods:   spectral 
line - depth ratios (Ldr), Infrared 
flux method (IRFM),  excitation 
equilibrium of the Fe lines (R09), 
showing in general a good 
agreement.
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The  left hand side panel (Before) shows  the [Teff(other)-
Teff(Hα)] vs Teff(Hα) and  the [Teff(other)-Teff(Hα )] vs 
[Fe/H]. Results for the [Teff(Ldr)-Teff(Hα)] vs Teff(Hα) show 
a dependence on Teff(Hα). The [Teff(Ldr)-Teff(Hα)] vs [Fe/H] 
presents a dependence on  [Fe/H].  The right hand side panel 
(After) shows a re-plot of [Teff(Ldr)-Teff(Hα)] vs Teff(Hα) 
with  a  corrected Teff(Ldr)  after that [Fe/H] dependence on 
Teff(Ldr) was eliminated with a linear correction, but the 
results are not significantly different. The residual trend with 
Ldr could be due to the fact that Ldr – Teff relations are 
calibrated without considering any metallicity terms.

Abstract

The flux level in the wings of the absorption lines from the Balmer 
series in cool dwarf stars like the sun is a good indicator of the star's 
effective temperature (Teff) [1,2,3]. We perform a study of 62 solar 
analog stars to compute their effective temperatures using the 
Balmer line wing  fitting procedure and compare them with the 
values  obtained  using other commonly employed methods 
[4,5,6,7]. We use observed Hα spectral lines (6563 A) and a very 
fine grid of theoretical models calculated with the best available 
atomic data and most recent  quantum theory models [1]. Our 
spectroscopic data are of very high quality and have been carefully 
normalized to recover the proper shape of the Hα line profile. We 
obtain Teff values with internal  errors  of about 20 K.    .    
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