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Mg/Si and Fc/Si ratios arc important parameters that control the composition of rocky planets 
In this work we applied non-LTE correction to the Mg and Si abundances of stare with and without 
planets to confirm/inlirm our previous findings that [Mg/Si| atmospheric abundance is systematically 
higher for Super-Earth/Ncplunc-mass planet hosts than stare without planets Our results show that 
the small differences of stellar parameters observed in these two groups of stare arc not responsible 
for the already reported difference m the |Mg/Si| ratio Thus, the high (Mg/Si) ratio of Neptunian 
hosts is probably related to the formation efficiency of these planets in such environments
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1. Introduction. It is now a solid observational fact that stellar overall 
mctallicity plays an important role on (he formation of giant planets |1-4|. It 
seems also that the role of metallicity on the formation of low-mass planets if 
exist, is not strong |5-7|. These observational results are supported by the core- 
accretion model |8,9| and the tidal-downsizing model of Nayakshin |IO|. 
Interestingly, however, some very new results show that indeed low-mass planets 
at very short orbits tend to appear around stars with super-solar metallicities 1111 
and their maximal mass increases with metallicity (12). Recent works on star- 
planet connection, besides planet formation, also clearly demonstrated the impor­
tance of metallicity on the orbital architecture of planets 113-16).

After the detection of planet-metallicity correlation, several studies also tried 
to search for differences in chemical abundances of individual elements between 
stars hosting planets and stars that arc known not to host a planet |17-24) 
Although most of these studies observed no significant differences, some authors 
reported a clear overabundance in a -elements of stars hosting both high-mass 
(25-27) and low-mass planets |28| when compared to the stars with no planetary 
companion. Knowledge of precise abundances of individual heavy elements and 
elemental ratios is very important since they can control the structure and 
composition of terrestrial planets (21, 29֊32| In particular, (Mg/Si| and Fe/Si 
ratios were proposed to allow to constrain the internal structure of rocky-plancls 
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132). These theoretical models were recently successfully tested on three terrestrial 
planets by |33|.

Motivated by these recent works |31,32|, Adibekyan et al. (34| studied ihe 
| Mg/Si) abundance ratio of stars hosting planets of different masses. The authors 
found dial low-mass planet hosts show a high | Mg/Si | abundance ratio when 
compared to the field stars without detected planetan’ companion (341. Together with 
the difference in |Mg/Si] ratio, the authors of |34| also found that the hosts of 
low-mass planets are slightly cooler than their counterparts without planets. While 
the authors warned the reader about the possible non local thermodynamic effects 
(non-LTE) on the | Mg/Si) abundance ratio, |34| concluded that the small differences 
in the stellar parameters are not expected to be responsible for the significant 
differences in | Mg/Si| ratio between Neptunian hosts and non-host stars.

In this paper we used the MPIA (Max Planck Institute for Astronomy) hosted 
web server for non-LTE stellar spectroscopy |35,36) to estimate the impact of the 
non-LTE corrections on our the aforementioned findings |34|. This work is 
organized as follows. In Section 2 we present the sample and in Section 3 we 
describe how- the non-LTE corrections are performed In Section 4 we present 
our results and summarize them in Section 5.

2. The sample. Our sample is taken from (33). From an initial sample 
of 1111 FGK-type stars |24| we selected 587 dwarfs (logg >4 dex), that have 
effective temperatures within 500 K from that of the Sun (- 5777 K) and errors 
on Mg, Si, and Fe abundances smaller than 0.2 dex. These criteria allow us to 
select stars with the most precise abundance and atmospheric parameter determi­
nations (24.37). Moreover, we only considered stars that have metallicilies from 
-0.6 to 0.4 dex. which are the |Fe/H] limits of planet hosting stars in the sample 
This sample consists of 489 stars without detected planetary companions, 19 stars 
hosting super-Earths or Neptune-like planets (the most massive planet in the 
system has A/F<3OAf0) and 79 Jovian hosts (.V/p>3O.W0)

3. NLTE correction Several works in the literature have already tried to 
quantify the non-LTE effects in Mg and Si. and their dependence on the stellar 
parameters 135,36,38-43). They show that the non-LTE effects are usually stronger 
for evolved, hot and mclal-poor stars.

MPIA (Max Planck Institute for .Astronomy) hosted web server provides non- 
LTE corrections for a large list of lines of several chemical elements. This database 
also contains non-LTE corrections for all the three Mg spectral lines (4730.030, 
5711.07, and 6319.24 AA) used in |34| and four (5645.66, 5684.52, 5772.15, 
5948.54 AA ) out of 16 Si lines that were used to derive average Si abundances 
in 134). The non-LTE corrections for the mentioned lines were extracted from 
this database. The amplitudes of the corrections for these lines arc quite different
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For example, the correction for 5772.15 A Si line is essentially zero for more 
than 90% of the stars, and the maximum correction for this line is -0.01 dcx 
for our sample stars. In contrast, the correction for 5711.07 A Mg line lies between 
-0.03 and 0.03 dex, and is negligible only for stars that have effective temperature 
very close to the Sun (5600 to 5800 K).

[Fe/H] >ogg

Fig I Average non-LTE correction of (Mg/HJ, |Si/H|, and (Mg/S։| against stellar parameters 
for the stars in our sample (black dots). The average value for different bins of stellar parameter» 
arc shown in blue filled circles The bin size is 0.2 dcx for |Fe/H| and logg, and is 200 K for T*. 
The error bar represents the standard deviation (dispersion) for each bin.

To apply the non-LTE correction for our sample stars we used the mean non- 
LTE correction for all the available lines (three for Mg and four for Si). The average 
correction and standard deviation of |Mg/H|, [Si/H|, and |Mg/Si| abundance 
corrections against stellar parameters are presented in Fig. 1. The figure shows that 
the correction is small and always negative (from --0.004 to -0.012 dcx) for Si. 
It mostly depends on effective temperature and surface gravity: hotter and evolved 
stars show the largest deviations from LTE. The absence of the correlation with 
melallicily is probably due to a wide range of Tff and log# al a given melallicily 
and inter-correlation between stellar parameters. Fig. 1 also shows that the correction 
for Mg is stronger than for Si. The amplitude of the correction is 0.04 dex: from 
--0.01 to -0.03dcx. This correction mostly depends on effective temperature being 
negative for stars cooler than our Sun and positive for hotter stars. One can also 
notice that the non-LTE corrections both for Mg and Si are light for cooler stars
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(T^< ֊5500 K), and get more dispersed for hotter stars. This is because almost 
all the cool stars have logs of nearly 4.4 dex. while hotter stars have a wider range 
of log g values. Finally, in Fig. 1 one can see that the non-LTE correction for 
| Mg/Si] ratio is almost zero for cool stars and reaches up to 0.03dcx for the hottest 
stars.

4. Results. After applying the non-LTE corrections for |Mg/Si| ratio we 
proceed in the same way as in |34|. In Fig.2 (left panel) we plot IMg/Si) against 
metallicity for stars without planetary mass companions and stars that are hosting 
Neptunes and Jupiters. The top right panel of the same figure shows the cumulative 
distributions of [Mg/Si] ratio for the three groups of stars. The figure shows that 
even after the corrections | Mg/Si] ratio is higher for low-mass planet hosts and 
lower for high-mass planet hosts when compared to their non-host counterparts. 
To quantify these differences we applied the two-sample Koimogorov-Smimov 
(KS) and the Anderson-Darling (AD) tests. The results of the tests (Table 1) show

Fig. 2. Left | Mg/Si] against |Fc/H| for stars without detected planets (black dots), stars hosting 
low mass planets (blue squares), and stars hosting high mass planets (red filled circles) The black 
solid line shows the linear fit to all data points. Cumulative distribution of | Mg/Sil (top right) and 
|Mg/Si 1^ after correcting for the GCE (bottom right) for stars with giant planets (blue solid line), 
low mass planets (red dashed line), and stars without detected planets (black dotted dashed line).
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that the difference is significant ( P< 0 05) only when comparing Jovian-hosts with 
non-hosts. We remind the reader that if the non-LTE corrections are not applied, 
the KS and AD tests predict significant differences in the |Mg/Si] distributions 
between Neptunian-hosts and non-host stars (see Table 1 of [34]).

However, as discussed in our previous work |34| and as can be clearly seen in 
Fig.!, the |Mg/Si| ratio depends on the mctallicity. This dependence reflects the 
Galactic chemical evolution (GCE). It is also known that stars without planets and 
stars with planets of different masses show different metallicity distributions (see the 
introduction). These correlations can obviously affect our comparison of |Mg/Si| ratio 
of the three groups. To remove the trend of GCE from the |Mg/Si| ratio, as in 
134], we performed a linear fit to our data points (all stars with and without 
detected planets) and then subtracted the fit We applied the KS and AD tests 
to the subtracted data again, and found that the difference in | Mg/Si | between 
Jovian hosts and the single stars disappears (sec Table 1). This result is in 
agreement with |34| and suggests that the difference observed in the original dataset 
was just a reflection of GCE and the shift of giant-planet hosts towards high 
metallicitics.

Table 1

KS AND AD PROBABILITIES THAT PLANET HOSTS AND 
STARS WITHOUT DETECTED PLANETS COME FROM THE 

SAME PARENT DISTRIBUTION

(Mg/Si) in LTE |Mg/Si| in NLTE
|Mg/Si| IMg/Si^ |Mg/si| |Mg/si|OT

Pw Neptune - Non-host 0.037 0.009 0.097 0.005
Jovian - Non-host 0.051 0.736 0.050 0.872

PAn Neptune - Non-host 0.020 0.003 0.054 0.010
Jovian - Non-host 0.017 0.841 0.015 0.729

The statistically significant differences between the distributions are in boldface.
In contrast to Jovian hosts, the difference in |Mg/Si| after correction for the 

GCE between Neptune hosts and non-hosts becomes significant. The applied 
statistical tests predict low probabilities that the two samples come from the same 
parent distribution (Table 1). Titis result confirms our previous findings that low - 
mass planet hosts in average have higher |Mg/Si| ratio than stars without planets. 
To evaluate the statistical significance of the observed difference in | Mg/Si|corT, we 
followed 1341 and performed two simple Monte Carlo tests. The tests show that 
there is a low' chance (~0.5%) of obtaining the observed difference by chance.
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5. Summary՝. We applied non-LTE corrections lo the Mg and Si abundances 
of 587 dwarf stars from which 19 are known to host a low-mass planet (.tf r < 30 )
and 79 are hosting Jupiters (.V/p £3OAf0). With these non-LTE corrected abun­
dances we confirmed our previous results that [Mg/Si| mineralogical ratio is slightly, 
but statistically significantly, higher for stars that are hosting low-mass planets when 
comparing with stars without delected planetary’ companion. The systematic over­
abundance of Mg relative to Si (| Mg/SiJ ratio) is always positive for the Neptunian 
hosts) probably means that this ratio plays an important role in the formation of 
low-mass planets. It is worth to remind that this ratio is expected to play a very 
determining role on the structure and composition of terrestrial planets |30-32|.
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Мё/5։ МИНЕРАЛОГИЧЕСКОЕ ОТНОШЕНИЕ В 
АТМОСФЕРАХ ЗВЕЗД С ПЛАНЕТАМИ МАЛЫХ МАСС.

ПОПРАВКИ НА ОТКЛОНЕНИЯ ОТ ЛТР

ВАДИБЕКЯН1, У М.ГОНСАЛВЕШ ла СИЛВА; С.Г.СОУЗА', 
И К.САНТУШ12, Е.Д МЕНА; АААКОПЯН’

Отношения Mg/Si и Ее/Б։ являются важными параметрами, которые 
контролируют состав планет земного типа. В данной работе мы применили 
поправки на отклонения от локального термодинамического неравновесия 
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(не-ЛТР) к содержаниям Mg и 81 в атмосферах звезд с планетами и без них, 
с целью проверить наши предыдущие результаты относительно того, что 
| Ме/81| систематически выше в атмосферах звехт с суперземлями по сравнению 
со звехзами без планет. Наши результаты показывают, что небольшие раатичия 
звездных параметров, наблюдаемых в этих двух группах звезд, не являются 
причиной разнипы в отношении | Таким образом, высокое отношение 
|М^5|| у звезд с суперземлями, вероятно, связано с эффективностью 
формирования этих планет в подобных средах.

Ключевые слова: планетные системы: распространенность химических 
). цементов: мета I шчность: Га мистика
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