
● INTRODUCTION
The detailed study of solar twins has direct applications both in the understanding of the chemical evolution of the Galaxy and the 
evolution of the solar properties over time, besides being a powerful tool in the study of exoplanetary systems. Due to its resemblance to 
the Sun, the differential spectroscopic analysis of solar twins becomes less dependent on theoretical assumptions, maximizing our 
capability of detecting minor differences in the atmospheric parameters space. Our main goal is to make a direct empirical comparison 
between the Sun, the well-known solar twin 18 Sco, and 5 bright solar twin candidates (Porto de Mello et al., 2014).

● ANALYSIS
Our main goal is to evaluate the impact of different sources of uncertainties present in the analysis (normalization errors, photonic noise, instruments stability, and the use of different solar 
proxies). After careful normalization, we made manual (Fig. 2) and automatic line measurements (Fig. 3) from massive analysis tool iSpec (BlancoCuaresma et al., 2013) . We excluded from our 
sample problematic lines, such as those weak enough to probably be mixed with noise and those clearly affected by curve of growth (Fig. 4, and 5) using 2σ clipping. A comparison was made 
between our manual and the automatic line measurements. This multi analysis allowed us to map some sources of uncertainties and degrees of subjectivity involved in determinations of 
spectroscopic solar similarity among twin stars. One basic criteria to determine how close is a star to the Sun is to look at the similarities between their spectral lines. In this sense, a perfect 
solar twin should have median <δdr> ≡ <(dr

☉-dr
★)> = 0 and minimized correlation between line-depth differences and their respective excitation potentials (Meléndez et al., 2006) (Fig. 8, Fe I lines). 

● CONCLUSIONS
In order to test the similarity between the line measurements from the Sun and the solar twins, we 
performed a Kolmogorov-Smirnov test on the EWs, line depths and FWHM distributions of the Sun 
and 18 Sco. We found that 18 Sco is statistically identical to the Sun (> 4 σ ) for line depth and EW, and 
> 3 σ for FWHM in both kind of measurement. We couldn't confirm that manual measurements are 
statistically better than the automatic ones done in iSpec (Table 2, and Fig. 6, 7, 9 and 10). This  result 
is quite exciting and confirms a very interesting optimization panorama in line with Tucci-Maia et al., 
2018. 
 

Although the spectroscopic effective temperature and metallicity of 18 Sco are slightly different from 
the Sun, it remains the best nearby solar twin known to the date. We also established a degree of 
similarity between the candidates, and the solar twins. These new bright solar twins should be 
considered as prime targets for asteroseismic studies, high cadence and high spectral resolution 
follow up.

● PERSPECTIVES
Our next step is to investigate how these empirical differences affect the fundamental parameters 
such as Teff, logg, and [Fe/H] determinations of solar twins.

● SAMPLE
We used high resolution and high signal to noise ratio (mostly > 350) spectra (Table 1) to measure the FWHM (full width half maximum), dr 
(line depth), and EW (equivalent widths) as seen in Fig. 1. We used iron peak, sprocess, and alpha elements lines:  Ca I, Co I, Cr I, Cr II, Fe I, 
Fe II, Mn I, Ni I, Sc I, Sc II, Ti I, Ti II, Y I, and Y II from 4500 Å to 6862 Å.

object
   instrument FEROS HARPS

solar proxies Ganymede, Vesta Ganymede, Vesta, Callisto, 
Europa, Io, Moon, Ceres

twins 18 Sco, HD 150248*, HD 164565, HD 98649 18 Sco, HD 150248*, HD 98649

candidates HD 138573, HD 118598 HD 138573
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measurement  
             parameter

Depth mean
p-value

FWHM mean
p-value

EW mean
p-value

Manual -0.0024 ± 0.0038
0.99999702

-0.001729 ± 0.006122
0.45153958

-0.8518 ± 1.1685
0.98210377

iSpec -0.0021 ± 0.0038
0.99998804

-0.001723 ± 0.004898
0.92338813

-0.8055 ± 1.0143
0.99998619

Table 2 - Mean and p-values from Kolmogorov-Smirnov test between 18 Sco and the Sun

Table 1 - Our sample
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Our plot (Fig. 8 in the right) shows that HD 138573 could be considered a solar twin, 
maybe very close to 18 Sco parameters. *HD 150248 seems to be very similar to the Sun, 
although Dos Santos et al., 2016 points out that this star is a spectroscopic binary.
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