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The study of metal poor stars provides clarification and knowledge about the primordial Universe. Specially, halo stars provide explanations of the nature of the first generations of stars and the nucleosynthesis in the metal-poor regime. We present a detailed chemical analysis and determination of the kinematic and orbital properties of two stars characterised by high speed with respect to the Sun. We analysed two high-resolution Subaru spectra employing the MyGIsFOS code which allows to derive the detailed chemical abundances for 28 elements (C, N, O, Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y, Zr, Ba, La, Ce, Pr, Nd, Sm, Eu), and abundance from two ionisation states in the case of four elements (Ti, Cr, Fe and Zr). TYC 622-742-1 and TYC 1193-1918-1 are metal-poor stars ([Fe/H] of -2.37 and -1.60), they are similar in the chemical pattern with respect to Fe, they are enhanced and show a slight excess in Eu abundance. Both giant stars are poor in C and rich in N, as expected for evolved stars, and this fact is supported by the low 12 C∕ 13 C isotopic ratio in TYC 1193-1918-1. Nevertheless, the C abundance of TYC 622-742-1 is particularly low. TYC 622-742-1 and TYC 1193-1918-1 have a similar chemical composition to the other Galactic halo stars of comparable metallicity. According to their kinematics, both stars belong to the Galactic halo, but they are not a part of the Gaia-Sausage-Enceladus structure.

INTRODUCTION

The old, metal-poor stellar population provides us information about the Universe in its infancy. In fact, the majority of metalpoor stars have an age comparable to the age of the Universe (see e.g. Cayrel et al., 2001), so their chemical pattern reflects the chemical composition of the primordial Universe. These stars were born at a time when just one/few generations of massive stars had a chance to explode as supernovae and enrich the interstellar gas from where they formed. Metal-poor stars are rare, overall in the solar vicinity, meaning the part of the Galaxy accessible for high-resolution and high signal-to-noise spectroscopy.

In the recent years two methods have mainly been used to select metal-poor candidates: (i) from low-resolution spectroscopy (see e.g. Christlieb et al., 2004); (ii) from narrowband photometry (see e.g. Caffau et al., 2020b). Broad-band photometry (iii) also allowed to select metal-poor candidates, albeit with a lower success rate (Schlaufman & Casey, 2014).

(i) Several low-resolution spectroscopic surveys collected large numbers of spectra from where metallicity and sometimes abundances for other elements could be derived. We here recall some very efficient surveys that allowed to find extremely metal-poor stars.

1. A list of weak-metal stars is provided by Bidelman & MacConnell (1973, see their Table V) from their objective prism survey.

2. The Bond survey (Bond, 1970) was based on objective prism observations at depth of B ∼ 10 -10.5 when the telescope used was at the University of Michigan, becoming B ∼ 11.5 when the telescope was moved at Cerro Tololo in 1976. The result of this survey was presented in Bond (1980).

3. The HK Survey (Beers et al., 1985) observed with objective prism stars in a way to collect a kinematically unbiased sample of metal-poor stars. This survey allowed to discover the extremely metal-poor binary system CS 22876-032 (see Beers et al., 1985); the extremely metal-poor star CS 31082-001 with Th and U detectable (see Cayrel et al., 2001); to collect the stellar sample of metal-poor stars observed in the ESO large programme "First Stars" (Cayrel et al., 2004) and usually used as the reference metal-poor sample.

4. The Hamburg-ESO survey (Christlieb et al. 2000, Christlieb et al. 2008), conceived to discover quasars, allowed to find out a large number of metal-poor stars (see e.g. Christlieb et al., 2002).

5. The Sloan Digital Sky Survey (SDSS [START_REF] York | TABLE A1 Atomic data[END_REF] in the latest 20 years provided low-resolution spectra for a large number of metal-poor candidates, whose low metallicity has been confirmed at high-resolution investigation (see e.g. Aguado et al., 2018;Matsuno et al., 2017). In this context, the TOPoS project selected from the SDSS spectral database the stars with turn off colours and analysed the spectra with an independent pipeline (see Caffau et al., 2013). Several EMP stars have been discovered in this project (see Bonifacio et al. 2015, Caffau et al. 2016, Bonifacio et al. 2018. 6. The Large Sky Area Multi-Object fiber Spectroscopic Telescope (LAMOST Cui et al., 2012) provided a large amount of stellar spectra that allowed to discover (see e.g. Li et al. 2015a, Li et al. 2018) and then also confirm with a high-resolution follow-up (see e.g. Li et al., 2015b), many metal-poor stars.

7. The Radial Velocity Experiment (RAVE Steinmetz et al., 2006) allowed to select a large sample of metal-poor stars (see e.g. Matijevič et al., 2017).

(ii) The narrow-band photometry allows to observe a much larger number of stars with respect to the low-resolution spectroscopic surveys, but an efficient calibration is necessary in order to select interesting candidates.

1. The SkyMapper Telescope (Keller et al., 2007) observes also with an intermediate-band filter (about 40 nm FWHM) centred on the Ca II-H and -K lines. Several metal-poor candidates selected from the SkyMapper Survey (Wolf et al., 2018) have been confirmed from highresolution spectroscopy to be extremely metal-poor stars (see e.g. Jacobson et al., 2015).

2. The Pristine survey (Starkenburg et al., 2017) is a photometric campaign observing with a narrow-band (about 20 nm FWHM) filter centred at the Ca II-H and -K lines.

It is a very efficient project, allowing to select metal-poor candidates whose low-metallicity has been confirmed on high-resolution spectroscopy (see e.g. Starkenburg et al., 2018).

3. The S-plus survey (Mendes de Oliveira et al., 2019) uses several wide bands and narrow bands, among which J0395, centred on the Ca II-H and -K lines and has been successfully used to select metal-poor candidates (Placco et al. 2021, Whitten et al. 2021, Monaco et al., in preparation).

4. The J-plus survey uses a similar telescope and filter set as S-plus (Cenarro et al., 2019) and has also been able to select some metal-poor stars (Andrés Galarza et al., 2021).

(iii) Schlaufman & Casey (2014) used the photometric data from APASS (Henden et al., 2009), 2MASS and WISE to select metal-poor candidates and confirmed by follow-up spectroscopy that 3.8% of the candidates had [Fe∕H] ≲ -3.

Metal-poor stars have long been known, before surveys provided us with large numbers of low-resolution spectra and narrow-band photometry were available. Seventy years ago, Chamberlain & Aller (1951) analysed two stars (HD 19445 and HD 140283), nowadays denoted as the prototype of metalpoor stars. From the weak lines in their spectra, Chamberlain & Aller (1951) adopted a model of an F-type sub-dwarf to investigate them and claim a low abundance of Ca and Fe. Schwarzschild & Schwarzschild (1950) divided a sample of nine F stars in high-and low-velocity, and in their Figure 4 one can see that the high-velocity stars show generally smaller strength on the Fe I lines. Roman (1950) realised that stars of the same spectral type can have spectral lines of different strength. Dividing the stars in two groups, according to the strength of the spectral lines, she investigated the stellar velocity, concluding that the star with weak metallic lines have larger velocities and a larger dispersion in velocity. In Roman (1955), a catalogue of high-speed stars is provided, and the two metalpoor prototype stars by Chamberlain & Aller (1951) are in. This suggests that selecting the high-velocity stars is a way to select metal-poor stars. In fact, stars that show a high velocity with respect to the Sun surely have an orbit widely different from the solar one so these stars cannot belong to the Galactic disc but, if bound, these are Halo stars. The stars indicated as "high proper-motion" or "high-velocity" star have kinematic non-compatible with the Galactic disc. This is not obviously translated in extreme kinematic with respect to the centre of the Galaxy.

Thanks to the Gaia mission data (Gaia Collaboration et al., 2016), for a large number of stars it is presently possible to derive accurate kinematical and orbital parameters. Gaia catalogues also allow us to select stars with specific kinematics. In Caffau et al. (2020a), we selected a sample of high-speed stars to be observed at low-resolution. We derived chemical abundances for a few elements and deduced that the selected stars are mainly Halo stars, with a very homogeneous chemistry. From low-resolution spectroscopy, determination of the chemical pattern is very limited. We then decided to take the advantage of the Subaru large telescope to secure high-quality spectra for two bright stars characterised by high speed with respect to the Sun.

We here investigate the detailed chemical pattern of these two stars to see if they show any peculiarity.

TARGET SELECTION AND OBSERVATIONS

The two targets were part of a set of bright stars we selected as backup for our observing run at Subaru. The selection criterion was based on Gaia DR2 requiring < 11 and total speed with respect to the Sun > 500 km s -1 . The observations were carried out on September 13th 2019 with the High Dispersion Spectrograph (HDS) installed on the Subaru telescope atop the Mauna Kea volcano in Hawaii (Noguchi et al. , 2002). The bad weather conditions did not permit to perform the main programme on faint targets. Instead, the two stars analysed in this article were selected in the list of the backup programme. The wavelength coverage goes from 408.4 nm to 689.2 nm. A binning 2 × 2 has been adopted leading to a resolving power of about 40000. The log of the observations is given in Table 1 . Standard data reduction procedures were carried out with the IRAF Echelle package 1 .

To show the quality of the spectra, in Fig. 1 the range of the 664 nm Eu II line is plotted.

ANALYSIS

Radial velocity and kinematics

The radial velocity is measured finding the maximum of the cross-correlation function (Tonry & Davis, 1979). As the template we employed a synthetic spectrum with the stellar parameters adopted for each star. Table 3 shows the radial velocity of the two stars and their statistical uncertainties that reflects the S/N ratio of the spectrum. We report a radial velocity of -115.1 ± 1.1 km s -1 for TYC 622-742-1 and -365.2 ± 0.9 km s -1 for TYC 1193-1918-1 (see Table 3 ). The statistical error in the radial velocity determination is ∼1.0 km s -1 . For the two stars Gaia DR2 provide a radial velocity of -114.0 ± 0.4 for TYC 622-742-1 and -364.3 ± 0.3 for TYC 1193-1918-1 (see Gaia Collaboration et al., 2018). The radial velocities we derive are compatible, within uncertainties, with the values provided by Gaia DR2.

We derived the zero-point for the parallax as described in Lindegren et al. (2021). The parallax corrected for the zeropoint has been used to derive the stellar and orbital parameters.

The orbital parameters have been derived using the Galpy code2 together with the MWPotential14 potential (Bovy, 2015). We used the Gaia EDR3 coordinates, proper motions and zero-point corrected parallax and the radial velocities we measured. We adopted the solar motions of Schönrich et al. (2010) and the solar distance from the galactic centre of 8 kpc. In order to estimate the uncertainties on the derived quantities, we followed the same approach of Bonifacio et al. (2021).

In particular, we used the pyia code3 (Price-Whelan, 2018) to perform one thousand extractions of the six Galpy input parameters from a multivariate Gaussian which takes into account both the errors on the parameters and their correlation coefficients in the construction of the covariance matrix. For each realisation, an orbit integration is then performed using Galpy. We adopted as uncertainties, the standard deviations of the calculated orbital parameters (see Table 4 ).

Stellar parameters

We derived the stellar parameters from the photometry and parallax of the Gaia EDR3 catalogue (Gaia Collaboration et al., 2021, see Table 2 ). We dereddened the Gaia photometry ( and -) by using the maps by Schlafly & Finkbeiner (2011). The parallax, after application of the zeropoint, allowed us to derive the absolute magnitude and then to derive the surface gravity by using the Stefan-Boltzmann equation4 . We adopted for both stars a mass of 0.8 M ⊙ (see e.g. Bonifacio et al., 2019), a typical value for old stars now on the red giant branch (RGB). A change in the initial mass would affect the stellar parameters but well within the uncertainties: ±0.1 M ⊙ difference provides a change within about 10 K in effective temperature ( ef f ) and 0.05 dex in the surface gravity (log ). By comparing ( -) 0 to the theoretical colour, we could derive the effective temperature. We assumed a metallicity [Fe/H]=-1.0 for the first guess parameters.

The process provides us with initial values for stellar parameters. These initial parameters have been assigned as input to 

(kpc) 11 ± 1 5 ± 1 E (km 2 s -2 ) -31831±5155 -8178±2323 L (kpc km s -1 ) -1047±290 -2026±55 J (kpc km s -1 ) 136±39 1265±117
the pipeline MyGIsFOS (Sbordone et al., 2014, see Sec. 3.3 for explanations) to derive the stellar metallicity. The metallicity provided by MyGIsFOS was used to derive new stellar parameters. The process was iterated up to when the variation in effective temperature and surface gravity were negligible (less than a few K for ef f and below 0.01 dex for log ). In this way we derived the final ef f and log for the two stars that are the adopted stellar parameters, used for the chemical investigation and listed in Table 5 .

The uncertainty in the and bands brings a very small variation in ef f . But, as a sanity check, we derived the stellar parameters in other three ways.

• We used the calibration of Mucciarelli et al. (2021), based on the Infrared Flux Method temperatures of González Hernández & Bonifacio (2009), and derived ef f about 10 and 100 K hotter for TYC 622-742-1 and TYC 1193-1918-1, respectively.

• We allow MyGIsFOS to derive the stellar parameters (all free) and obtained, for TYC 622-742-1: ef f = 4187 ± 30 K, log = 0.20 ± 0.06 (which is a value extrapolated in the grid), = 1.96 ± 0.05 km s -1 and for TYC 1193-1918-1: ef f = 4650 ± 30 K, log = 1.59±0.05, = 1.56±0.03 km s -1 . So an extremely good agreement with the adopted parameters is obtained for both stars.

• The dereddened Gaia DR3 photometry is compared to PARSEC isochrones (Bressan et al., 2012;Marigo et al., 2017, see Fig. 2 ) coloured with the Gaia photometry in the colour-magnitude diagram ( -, ), by using metallicity of -1.5 and -1.0, respectively, for the two stars, and by adopting an age of 12 Gyr. The derived stellar parameters are: 4268 K and 0.71 for TYC 622-742-1 and 4621 K and 1.75 for TYC 1193-1918-1. For both stars, the agreement with the adopted parameters is excellent.

The uncertainties in parallax are non negligible for the two stars (see Table 2 ). We then checked what happens to log when we add/subtract the uncertainty to the parallax and if we apply or do not apply the zero-point. We derived changes of about 0.08 dex in log .

In a conservative way, we adopt an uncertainty of 100 K for the effective temperature and 0.2 dex for the surface gravity.

For the micro-turbulence, we see two obvious calibrations that could be applied.

• Monaco et al. (2005) derived a calibration for Sgr stars.

One of the two stars here investigated, TYC 1193-1918-1, has a metallicity comparable with the Sgr sample by Monaco et al. (2005), while the other is about 0.5 dex more metal-poor. For the two stars, by using this calibration, we derive a micro-turbulence of 2.04 and 1.71 km s -1 , respectively.

• With the calibration provided by Mashonkina et al. (2017), we derive a micro-turbulence of 2.07 and 1.74 km s -1 , respectively, for our stars.

The two calibrations provide micro-turbulence in close agreement, and also compatible with the values provided by MyG-IsFOS. MyGIsFOS is able to derive the micro-turbulence by

FIGURE 2

The two observed stars (blue TYC 622-742-1 and black TYC 1193-1918-1) in the colour-magnitude diagram, compared to 12 Gyr PARSEC isochrones.

equalising the Fe abundance derived from selected, cleaned Fe I lines of different strength. Since the spectra are of good quality and we have several suitable Fe I lines, we decided to adopt these values for the microturbulence. In this way we derived a micro-turbulence of 2.00±0.05 km s -1 for TYC 622-742-1 and of 1.52±0.03 km s -1 for TYC 1193-1918-1, values reported in Table 5 . In the case of TYC 622-742-1, the value is about 0.20 km s -1 smaller than the value derived by using the calibration by Mashonkina et al. (2017) or by Monaco et al. (2005), while in the case of TYC 1193-1918-1 all the values are very close, within the uncertainty derived by MyGIsFOS. The uncertainties provided by MyGIsFOS are just statistic, while, comparing the adopted values with the ones derived from calibrations, we can assume an uncertainty of 0.2 km s -1 for the micro-turbulence.

Abundance determination

With the adopted stellar parameters, the observed spectra have been analysed with MyGIsFOS to derive the metallicity and the detailed chemical abundances. As described by Sbordone et al. (2014), MyGIsFOS is a pipeline that interpolates in a pre-computed grid of synthetic spectra to find the best fit spectrum for each feature analysed. The grid of synthetic spectra, based on ATLAS 12 models (Kurucz, 2005), was computed with SYNTHE (Kurucz, 2005). The grid we used has: ef f in the range 4000-5200 K with a 200 K step; log from 0.5 to 3.0 with a 0.5 dex step; metallicity from -3.0 to -0.5 with 0.5 dex step; micro-turbulence of 1, 2 and 3 km s -1 ; the enhancement in -elements of -0.4, 0.0 and +0.4. The atomic data for the lines are from the compilation of Heiter et al. (2021) (see in APPENDIX A: Table A1 ). All the elements up to Zn have been computed by MyGIsFOS. For the heavy elements, the abundances have been derived as well by best-fit but the synthesis are based on Turbospectrum (Alvarez & Plez, 1998).

The choice is related to the fact that the partition functions in Turbospectrum are more up-dated that the ones in SYNTHE. The use of SYNTHE to derive the abundances of the heavy elements would imply the use of older partition functions. On the one hand the SYNTHE grids are already available and we have invested considerable time to develop these grids (see e.g. Caffau et al., 2021). On the other hand the use of Turbospectrum to compute complete grids of synthetic spectra would be much more time consuming than with SYNTHE.

The abundances we derived are provided in Table 6 . As usual, for each element X, A(X)= log(N(X)/N(H))+12,

[X∕H] = A(X)-A(X) ⊙ , and [X/Fe]=[X/H]-[Fe/H].
The solar abundances, A(X) ⊙ , here adopted are from Caffau et al. (2011) and Lodders et al. (2009) and are listed in Table 6 . In all the figures, we show the LTE abundances, to be able to compare to the results from the literature.

We investigated in the literature for departure from local thermodynamical equilibrium and, when available, for each element we discussed how the NLTE corrections summarised in Table 7 was derived. The NLTE corrections, sometimes derived from a subsample of lines, were applied to the LTE abundances derived from the complete sample of lines. We verified that the LTE abundance from the subsample of lines was very close to the abundance derived from the complete sample of selected lines.

Iron abundance

Fe I is usually the reference in the abundance determination because there is a fairly large numbers of lines in the stellar spectra of late type stars. Thanks to the good quality of the spectra, for both stars we could investigate with MyGIsFOS a large number of Fe I lines and derive an average A(Fe) with a small line-to-line scatter of the order of 0.1 dex. The average Fe abundances we derived are reported in Table 6 .

NLTE effects have been extensively studied in the literature (see e.g. Korn et al. 2003, Bergemann et al. 2012, Bergemann et al. 2012b, Mashonkina et al. 2016), in a large range of stellar parameters and over the entire spectrum from ultraviolet to infrared. It is at the lowest metallicities that NLTE corrections are usually the largest, while, for the same stellar parameters, these effects are usually small in the case of Fe II lines. Mashonkina et al. (2016) provided the NLTE corrections for (-2.27 and -2.20 for TYC 622-742-1; -1.54 and -1.49 for TYC 1193-1918-1), so we find a good ionisation equilibrium.

Comparison samples

A goal of this investigation was to understand if these stars have peculiarities and the best way to do so is to compare the stars to literature investigations. We decided to compare these two stars to: (i) the sample by Gratton et al. (2000) composed by field stars, 17 of which are evolved stars, in the metallicity range -2 ≤ [Fe∕H] ≤ -1; (ii) the metal-poor sample of giant stars analysed by Cayrel et al. (2004), which consists of stars more metal-poor, but the extremely careful analysis is based on high-quality spectra and is a widely used reference sample; (iii) the stars presented in Fulbright (2000), that are more extended in metallicity and this sample contains some high-speed stars; (iv) two high-speed stars from Valentini et al. (2019); (v) the FORS high-speed stars sample investigated by Caffau et al. (2020a).

Light elements

Lithium

The Li doublet at 670.7 nm is not detectable: as expected in evolved stars, both stars already destroyed Li in their photosphere (see e.g. Salaris & Weiss, 2001).

Carbon

The C abundance was derived from the G-band by line profile fitting, with 2 minimisation (see Bonifacio & Caffau, 2003). With the code SYNTHE (Kurucz, 2005), we computed synthetic spectra based on ATLAS 12 models (Kurucz, 2005) computed specifically for the two stars. The theoretical synthesis in the wavelength range of the band were computed by using the list of CH molecules provided by Masseron et al. (2014). The C abundances derived for the two stars are listed in Table 6 .

In Fig. 3 , the [C/Fe] ratios we derived are compared to literature results. Both stars have a low [C/Fe] ratio ([C/Fe] of -1.08 and -0.44, respectively), and especially TYC 622-742-1, but, partially, this is expected in stars at these evolutionary stages. One can see from the figure that the low A(C) is common in evolved stars. We are aware that this computation is sensitive to hydrodynamical effects, already investigated for unevolved stars by e.g. Gallagher et al. (2016). Although the stars here investigated are evolved, we do not have 3D models with such a low gravity, but negative 3D corrections could be expected.

We derived the isotopic ratio ( 12 C∕ 13 C = 4.91 +6.5 -1.9 ) only for TYC 1193-1918-1 from the two CH lines at 423.14 nm. The CH lines are too weak in TYC 622-742-1 to allow to derive the isotopic ratio.

Nitrogen

Nitrogen abundances have been derived by fitting the weak CN band at around 418 nm. These weak lines lie in a crowded region, so the abundance determination is challenging. The procedure adopted was the same as for the C abundance determination, with the variance that in the spectral synthesis computation A(C) was fixed at the values derived from the Gband. The N abundances we derived are reported in Table 6 . A(N) is very high for TYC 622-742-1 ([N/Fe]=1.42), and this could be related to the low C abundance for the fact that C has been converted in N. The effect is less dramatic for TYC 1193-1918-1 ([N/Fe]=+0.58), but still visible by the enhancement in N. A(N) determination is very uncertain overall for TYC 622-742-1 that is more metal-poor and we highlighted it in Table 6 .

Oxygen

Both forbidden [OI] lines are in the range of the Subaru spectra and they are both strong enough on these evolved stars to be useful for abundance determination. Unfortunately, the line at 630 nm falls in a range polluted by telluric absorptions, so depending on the radial velocity of each star and on the observing time, this line is or is not clear from telluric contamination. We could then analyse this line only for TYC 622-742-1. The O abundances derived, based on both [OI] lines for TYC 622-742-1 and only on the 636 nm line for TYC 1193-1918-1, are listed in Table 6 . The forbidden oxygen lines form in conditions close to local thermodynamical equilibrium (see e.g. Sitnova et al., 2013). In Fig. 3 , the [O/Fe] we derived for the two stars are compared to the analysis by Gratton et al. (2000). 

elements 3.7.1 Magnesium

To derive A(Mg), the lines at 470.2, 552.8 and 571.0 nm have been retained by MyGIsFOS for both stars. For the star TYC 622-742-1 we obtained [Mg∕Fe] = 0.63 ± 0.16 dex and for the star TYC 1193-1918-1 we derived [Mg∕Fe] = 0.42 ± 0.14 dex. In Table 6 the Mg abundances are listed.

In Alexeeva et al. (2018) a star with similar parameters (HD 122563) was investigated providing a negligible NLTE corrections for the two Mg I lines at 470.2 and 552.8 nm. We derived the NLTE corrections from Bergemann et al. (2017) by using the database 6 . For the lines employed by the MyGIsFOS analysis, we obtained a correction of 0.01 dex for TYC 622-742-1 and of -0.03 dex for TYC 1193-1918-1 (see Table 7 ). By applying the NLTE corrections on Mg and Fe 6 https://nlte.mpia.de/gui-siuAC_secE.php abundances, we derived [Mg/Fe]= 0.54 for TYC 622-742-1 and [Mg/Fe]= 0.33 for TYC 1193-1918-1. In Fig. 4 , the LTE [Mg/Fe] vs. [Fe/H] are compared to literature data.

Silicon

Several Si I features have been used (12 and 15 in the two stars, see Table 6 ) to derive the LTE Si abundance. Si I lines are sensitive to NLTE effects and the LTE silicon abundances are usually higher than the NLTE ones and these effects are more pronounced at low metallicity (see Bergemann et al., 2013). We derived the NLTE correction provided by Bergemann et al. (2013). We looked for the line studied with MyGIsFOS and present in the database and we obtained small NLTE corrections: a NLTE correction of +0.02 dex for TYC 622-742-1 (see Table 7 ), from which we derive [Si∕Fe] = 0.39 and a NLTE correction of -0.02 dex for TYC 1193-1918-1, which implies [Si∕Fe] = 0.19. For both stars, the LTE Si abundance derived from the subsample of Si I lines for which a NLTE correction is available is just 0.02 dex higher.

Calcium

Several Ca I lines are available in the wavelength of the Subaru spectra. For the two stars 22 and 28 lines, respectively, are used for the abundance determination and they provide a very low line-to-line scatter (see Table 6 ). According to Spite et al. (2012), in the case of [Ca∕H] ≥ -2 there is a negative NLTE correction: due to the NLTE effects the line wings weaken while the line core strength compared to the LTE case. For the stellar parameters of the two stars here analysed, the NLTE effects significantly affect the Ca I line profiles (see Mashonkina et al., 2016). We derived the NLTE correction for a subsample of the Ca I lines (from which we derived an LTE A(Ca) 0.03 and 0.02 dex higher than from the complete sample, respectively) here analysed from Mashonkina et al. (2016) (using the same method described in Sec. 3.4): 0.14 dex for TYC 622-742-1 and 0.05 dex for TYC 1193-1918-1 (see Table 7 ). These NLTE corrections provide for the [Ca/Fe] ratio the values 0.44 and 0.43, for the two stars respectively.

In 

Titanium

Ti abundance was derived from neutral and single ionised lines for both stars. The [Ti/Fe] ratios when using Ti I lines are positive for both stars: 0.27 and 0.28, respectively. These values are consistent with the [Ti/Fe] ratios derived when the abundances are from the Ti II and Fe II lines: 0.36 and 0.39, respectively.

The difference between Ti abundance when derived from neutral and ionised lines is non negligible (0.27 and 0.22 dex). These differences are also due to NLTE effects, which are strong in the case on Ti I lines (see Mashonkina et al., 2016). The NLTE effects for Ti I are more significant than for Fe I, which is directly reflected in the [Ti/Fe] ratio becoming larger in NLTE. By looking at the results by Mashonkina et al. (2016), we expect for both stars a NLTE correction of the order of 0.2 or 0.3 dex (see Table 7 ).

We investigated the NLTE corrections derived by Mashonkina et al. (2016) for the Ti I lines we used and present in the database, with the same procedure described in Sec. 3.4. For the selected lines we derive a NLTE correction for Ti I of +0.37 dex for TYC 622-742-1 and 0.14 dex for TYC 1193-1918-1. The lines with a NLTE correction available provide an LTE A(Ti) 0.01 and 0.03 dex higher than the abundance derived from the complete sample of Ti I lines, respectively for the two stars. By applying this NLTE correction, we derived for the [Ti/Fe] ratios 0.54 and 0.36 for the two stars, respectively. By looking at Figure 1 by Mashonkina et al. (2016) we think that, due to the limited number among the Ti I lines we used that are present in the investigation by Mashonkina et al. (2016), the NLTE correction for TYC 622-742-1 should be smaller, in the range 0.2-0.3 dex. In the case of Ti II we derived small NLTE corrections: 0.01 dex for TYC 622-742-1 and 0.00 dex for TYC 1193-1918-1, which provides [Ti/Fe] of 0.37 and 0.39 for the two stars (also in this case for A(Fe) we used is from Fe II lines). The Ti abundance derived from the Ti II lines with NLTE correction is the same than when derived from the complete sample of lines.

Summary -elements

All the -elements we could derive (Mg, Si, Ca and Ti) are enhanced in the two stars, as expected in metal-poor stars (see Spite et al., 2012). In Fig. 4 our LTE results are compared to the literature data. The ratios of abundances of the elements are in very good agreement with the two high-speed stars from Valentini et al. (2019, see red dots in Fig. 4 ), the highspeed stars from Caffau et al. (2020a, green dots in Fig. 4 ), the evolved stars from the sample by Ishigaki et al. (2012, light blue dots in Fig. 4 ) and the evolved stars from Fulbright (2000, pink dots in Fig. 4 ).

Odd-Z elements

Sodium

Several Na I lines (498.2, 568.2, 568.8, 588.9, 589.6 and 616.0 nm) have been investigated to derive A(Na) for the more metal-rich star TYC 1193-1918-1, and the line-to-line scatter we derived is small. The D1 and D2 lines provide abundances which are consistent with the values derived from the other weak lines; this fact could be explain by looking at Figure 2 by Takeda et al. (2003), an investigation on NLTE effects (on all the lines we investigated, except the line at 498.2 nm) where they deduce that NLTE effects are strong for saturated lines and become insignificant with decreasing or increasing the strength of the lines. For TYC 622-742-1 only the two weak lines at 568 nm are used to derive the Na abundance. In Fig. 5 the abundances derived for the two stars are compared to literature analysis.

Aluminium

Only for TYC 1193-1918-1 we could derive Al abundance, from the feature at 669.6 nm. Looking at the study by Nordlander & Lind (2017), we deduce that for the parameters of this star, the NLTE effects for aluminium are small. In Fig. 5 the [Al/Fe] ratio derived for TYC 1193-1918-1 is compared to the results by Fulbright (2000).

Iron peak elements 3.9.1 Scandium

We could derive A(Sc) from a sample of ionised lines, that provide a small line-to-line scatter (see Table 6 ). The [Sc/Fe] ratios, when using the Fe abundance from ionised lines, are of 0.25 and 0.30 dex for TYC 622-742-1 and TYC 1193-1918-1, respectively. In Fig. 6 our results are compared to the ones by Ishigaki et al. (2012).

Vanadium

For the abundance determination of V, a quite large sample of line has been used for both stars (see Table 7 ) that provide a small line-to-line scatter. The [V/Fe] ratios derived for the two stars are close to zero (see Fig. 6 ).

Chromium

For the Cr abundance determination we could rely on both neutral and single ionised lines. For both stars the ionisation balance is not good and the Cr abundances derived from neutral lines are smaller for both stars, by 0.28 and 0.15 dex, respectively. This discrepancy is related to NLTE effects (see Bergemann et al., 2010).

We determine the NLTE corrections for our stars using the database by Bergemann et al. (2010), looking at all the lines used by MyGIsFOS in the analysis. We derived a NLTE correction of 0.30 and 0.21 dex for the two stars (see Table 7 ). We then derived [Cr I∕Fe] = 0.09 dex for TYC 622-742-1 and [Cr I∕Fe] = 0.11 dex for TYC 1193-1918-1. These values have to be compared to the LTE [Cr/Fe] ratio by taking into account the abundances derived from ionised lines, and we 

Manganese

Mn abundance was derived for the two stars from 14 features. Figure 6 shows how our two stars show slightly low Mn abundances, with [Mn/Fe] ratios of the order of -0.3 dex, but fully compatible with the stars of other samples.

The LTE Mn abundances are systematically lower than NLTE abundances and the lower the metallicity, the larger the difference between NLTE and LTE. Bergemann & Gehren (2008) provided a NLTE corrections for Mn and we searched for the lines used in the MyGIsFOS analysis and derived a NLTE correction of 0.39 dex for TYC 622-742-1 and 0.31 dex for TYC 1193-1918-1 (see Table 7 ). If we take into account the NLTE corrections, we derive for the [Mn/Fe] ratios -0.07 for TYC 622-742-1 and -0.05 dex for TYC 1193-1918-1.

Cobalt

Co abundance is based on 16 and 18 Co I lines, respectively for the two stars (see Table 6 ), that provide a low line-to-line scatter. The [Co/Fe] ratio is close to zero (0.08 and 0.01, respectively for the two stars, see Fig. 6 ). Bergemann et al. (2010) provide the NLTE correction for Co I. We searched for the lines analysed in MyGIsFOS and we obtain a NLTE correction of 0.41 dex for TYC 622-742-1, which provide [Co/Fe]=0.39 dex, and +0.32 dex for TYC 1193-1918-1, providing [Co/Fe]=0.27 (see Table 7 ).

Nickel

A large sample of Ni I lines (55) are used to derive A(Ni). For both stars the line-to-line scatter is small (see Table 6 ) and the [Ni/Fe] is close to zero. In Fig. 6 , [Ni/Fe] ratios are compared to literature values. To our knowledge no NLTE investigation exists on this element.

Copper

Three Cu I lines are investigated at 510.5, 570.0 and 578.2 nm. For the star TYC 622-742-1 we also analysed the line at 521.8 nm. The copper over iron ratio is very consistent in the two stars of the sample: ⟨[Cu∕Fe]⟩ = -0.54 ± 0.01 dex. These values are in good agreement with the analysis by Ishigaki et al. (2013) (see Fig. 6 ). The NLTE effects, investigated by Andrievsky et al. (2018), are large for the lines here analysed. They get smaller as the metallicity increases. The NLTE effect would increase the Cu abundance and is of the order of ∼0.5 dex (see Table 7 ) for the more metal-rich star here analysed, and even larger for the other star (see Andrievsky et al., 2018). A NLTE correction of the order of 0.5 dex would bring the [Cu/Fe] ratio close to zero.

Zinc

The Zn abundance was derived from the 481.1 nm line for TYC 622-742-1 and for the star TYC 1193-1918-1 we used the two Zn I lines at 481.1 and 472.2 nm lines. We derived [Zn/Fe] ratios close to zero (-0.04 and 0.06 for the two stars). In Fig. 6 the [Zn/Fe] ratios we derived are compared to literature results.

Neutron capture elements

For the heavy elements we fitted the line profile of the lines. We computed the synthetic spectra with Turbospectrum (Alvarez & Plez, 1998) by using ATLAS 12 models computed with the parameters derived for each star. Hyperfine splitting and solar mix isotopic ratios have been used for the computation of the abundances.

As one can see from Fig. 6 , the stars are coherent with the results from the literature in the heavy elements. Both stars shows a low [Y/Fe] ratio and an enhancement in Eu, as several stars in the sample by Ishigaki et al. (2013) andFulbright (2000). TYC 622-742-1 shows a slight enhancement also in Zr, Pr, Nd, Sm.

Strontium

The Sr II line at 421.6 nm is employed to derive the Sr abundance. The [Sr/Fe] ratios in the two stars are both slightly negative: -0.05 and -0.18 for TYC 622-742-1 and TYC 1193-1918-1, respectively. In Fig. 7 the [Sr/Fe] ratios we derived for the two stars are compared to literature results. Andrievsky et al. (2011) analysed the NLTE effects in a sample of very and extremely metal-poor stars. For the star TYC 622-742-1, the NLTE correction on the Sr line used should be of the order of 0.1 dex; the other star is too metal-rich to fit in this investigation.

Yttrium

The Y abundance has been derived by analysing 9 and 10 Y II lines for the two stars, respectively. We derive [Y/Fe] very close for the two stars (-0.31 and -0.33, respectively, when using A(Fe) from ionised lines). In Fig. 7 our results are compared to literature values and we see a close coherence.

Zirconium

For the determination of A(Zr) both Zr I (473.9 nm) and Zr II (420.8, 461.3 and 511.2 nm) lines have been investigated. For both stars A(Zr) derived from neutral and ionised lines are in agreement within the uncertainties (see Table 6 ). The star TYC 622-742-1 has a high value of [Zr/Fe] when the ratio is derived from Zr I and Fe I lines, while this ratio is close to zero 

Barium

To derive A(Ba) three Ba II lines have been selected for each star. For TYC 622-742-1 the selected lines (at 493.4, 585.3 and 649.6 nm) provided an LTE abundance of A(Ba) = -0.08 ± 0.02 (see Table 6 ), with [Ba/Fe]=-0.05, when A(Fe) is from Fe II lines. For TYC 1193-1918-1, in LTE we derived A(Ba) = 0.60 ± 0.04 (see Table 6 , [Ba/Fe]=-0.08) by investigating three Ba II lines (at 585.3, 614.1 and 649.6 nm). Korotin et al. (2015) investigated the NLTE corrections for a sample of Ba II lines. For TYC 622-742-1 two lines are in the sample investigated by Korotin et al. (2015) (from which we derive an LTE abundance A(Ba)=-0.07) and for them we derived a NLTE correction of the order of -0.15, which, applied to the LTE abundance derived from all lines we derive A(Ba) = -0.22 and [Ba/Fe]=-0.20 dex. For TYC 1193-1918-1 the three lines are in the set investigated by Korotin et al. (2015) and we derive a NLTE correction of about -0.16, providing: A(Ba) = 0.44 and [Ba/Fe]=-0.24 dex. In Fig. 7 , [Ba/Fe] is compared to results from the literature.

Lanthanum

A considerable sample of La II lines (15 and 14, respectively) has been investigated to derive A(La) of -0.84 ± 0.05 and -0.34 ± 0.04 for the two stars, respectively (see Table 6 ). By using the Fe abundance from the ionised lines, we derive [La/Fe] ratios of 0.19 and 0.01, respectively (see Fig. 7 ).

Cerium

Seven Ce II features are used to derive A(Ce) of -0.58 ± 0.05 and -0.03 ± 0.07 for the two stars (see Table 6 ), which provides [Ce/Fe] of -0.02 and -0.15, respectively, when using the Fe abundance derived from ionised lines.

Praseodymium

The TYC 622-742-1 star presents a high value of Pr (A(Pr)=-0.95±0.08 and [Pr/Fe]=0.46) derived from a sample of four Pr II lines. For TYC 1193-1918-1, three lines analysed provide A(Pr)=-0.62±0.06 and [Pr/Fe]=0.11. For the [Pr/Fe] ratios A(Fe) is from ionised lines. The Pr abundances are listed in Table 6 and shown in Fig. 7 .

Neodymium

Nd is well represented in the Subaru spectra here analysed: a sample of 29 and 26 lines have been analysed for TYC 622-742-1 and TYC 1193-1918-1, respectively, providing A(Nd) of -0.46±0.05 and 0.04±0.07 for the two stars (see Table 6 ). We could then derive [Nd/Fe] ratios of 0.26 and -0.08 dex (see Fig. 7 ) for the two stars, with A(Fe) from Fe II lines.

Samarium

To derive A(Sm) eleven and ten Sm II features have been analysed, providing A(Sm) of -0.78 ± 0.04 and -0.29 ± 0.06 and [Sm/Fe] of 0.39 and 0.20 dex, respectively. In Table 6 A(Sm) are reported.

Europium

Just the Eu II line at 664.5 nm allowed us to derive A(Eu) of -1.0 and -0.5 (see Table 6 ), respectively. For both stars we derive a positive [Eu/Fe] ratio (0.65 and 0.47 for the two stars). Both stars, but particularly TYC 622-742-1, show a high value of Eu (see Fig. 7 ).

Uncertainties

When several lines are available in the abundance determination, we adopted the line-to-line scatter as uncertainty on the abundance determination, and the value is listed in Table 6 . For the elements whose abundances are based on one single lines we took the highest line-to-line scatter, which is 0.16 dex for TYC 622-742-1 and 0.14 dex for TYC 1193-1918-1.

Our uncertainties on the stellar parameters are: ΔT = 100 K, Δlog =0.10 dex and Δ = 0.20 km s -1 . A change in the stellar parameters brings a change in the abundance derived for the star. We then run MyGIsFOS by changing the stellar parameters with these uncertainties, to quantify the uncertainties in the abundances due to the uncertainties in the stellar parameters, and we derived the changes in the abundances listed in Table 8 . The largest uncertainties in the abundance determination arise usually from the uncertainty in the temperature of the stars.

DISCUSSION

Parallax zero-point

To derive the stellar parameters, we applied the zero-point as described by Lindegren et al. (2021). In the case we have not applied the zero-point the star TYC 1193-1918-1 would have been barely affected, while for the star TYC 622-742-1 small changes, anyway within the uncertainties, would have affected the stellar parameters. We would have derived: (i) a ef f hotter by about 30 K for TYC 622-742-1 and just few K for TYC 1193-1918-1; (ii) a log smaller by more than 0.1 dex for TYC 622-742-1 and by 0.05 dex for TYC 1193-1918-1.

Kinematics

The stellar orbits, integrated 10 Gyr backwards, are presented in Fig. 8 (blue and orange for TYC 622-742-1 and FIGURE 7 Same as Fig. 6 for neutron capture elements. TYC 1193-1918-1, respectively). Both stars present retrograde, eccentric orbits (e=0.32 and 0.70, respectively for TYC 622-742-1 andTYC 1193-1918-1). Their orbital and kinematical parameters are typical of halo stars. None of them seem to belong to the Gaia-Sausage-Enceladus (GSE) structure (Belokurov et al., 2018;Di Matteo et al., 2019;Haywood et al., 2018;Helmi et al., 2018). Figure 9 presents the position of the two stars (blue triangle and orange square for TYC 622-742-1 andTYC 1193-1918-1, respectively) in planes used to isolate GSE, employing Galactocentric cylindrical velocities (V , V , V , top panels), the vertical component of the angular momentum (L , bottom panels), the orbital energy (E, bottom-right panel), and the radial action (its square root √ , bottom-left panel). As a reference sample, stars of the "good parallax" sub-sample analysed in Bonifacio et al. (2021) are also plotted in gray scale. The red-shaded area in the bottom-left panel corresponds to the criteria defined in Feuillet et al. (2020) to select GSE stars, namely -500 kpc km s -1 < <500 kpc km s -1 and 30 < √ < 50. Stars belonging to this area are then presented as red filled circles in the other panels. TYC 622-742-1 has V and L relatively similar to GSE stars, but a significantly lower value of √ .

Abundances

The stars mainly show a typical chemical pattern of metal-poor evolved stars, as also highlighted by the comparison with the literature samples.

The stars with retrograde motion studied by Matsuno et al. (2019) show decreasing trend of [α∕Fe] with increasing metallicity. The decrease appears at about [Fe∕H] > -2. The two stars here analysed differ in [Fe/H], with TYC 622-742-1 having [Fe∕H] < -2 and TYC 1193-1918-1 [Fe∕H] > -2. From Fig. 4 and Table 6 one can see that the most metal-rich star (TYC 1193(TYC -1918-1) -1) has lower [Mg/Fe] and [Si/Fe] than the most metal-poor star (TYC 622-742-1) following exactly the trend suggested by Matsuno et al. (2019). This trend is also found for GSE stars, but it is more significant in retrograde stars.

TYC 1193-1918-1 is probably an RGB star (see Fig. 2 ). TYC 622-742-1 could also be an RGB star, but the AGB solution is also reasonable from its photometry and parallax and we are more in favour of this latter possibility due to its low C and high N abundances. We recall the large uncertainty in the A(N) determination, but still the derived values are consistent with the literature results. The C abundance is low in both stars, while A(N) is high, but this can be expected in evolved stars, when part of the carbon has been converted into nitrogen and due to some ill understood mechanism, occurring after the RGB bump often dubbed as extra mixing or non-standard mixing (see e.g. Charbonnel et al., 2020, and references therein), it is brought to the stellar surface. Anyway, in TYC 622-742-1 the effect seems quite extreme (see Fig. 3 ). The [(C+N)/Fe], defined as log ((C + N)∕Fe) -log ((C + N)∕Fe) ⊙ , is close to 0 for TYC 1193-1918-1, but it is +0.7 dex for TYC 622-742-1.

According to Placco et al. (2014), a star with the surface gravity of TYC 622-742-1, with a log increased by 0.5 dex +0.03∕-0.03 -0.12∕+0.16 +0.00∕+0.00 -0.02∕ + 0.00 -0.09∕ + 0.12 +0.01∕ + 0.00 as they suggest, had the initial carbon of about 0.7 dex higher. So the star was C-poor also on the main sequence, with [C/Fe] of about -0.4 dex. Looking at Figure 1 We queried the SAGA database (Suda et al., 2008) to select the metal-poor stars with low [C/Fe] ([C∕Fe] < -0.8). We removed the stars from Li et al. (2013), whose C abundance is derived from infrared CO lines. We end up with a sample of: nine stars from Hansen et al. (2018) Aguado et al., 2016;Aoki et al., 2013;Placco et al., 2019). It is then possible that also TYC 622-742-1 was C-poor when it was on the main sequence. We remark here that the spectral lines in TYC 622-742-1 are rather broad, corresponding to a gaussian broadening of about 10 km s -1 . The quality of the data does not allow us to distinguish between rotational broadening and macroturbulence broadening. Either way it could be that the phenomenon responsible for broadening the lines is also responsible for a more efficient mixing, that brings more nuclearly processed material, with low C and high N, into the atmosphere.

TYC 622-742-1 shows also an enhancement in O, Zr, Pr, Sm. Both stars are: (i) slightly enhanced in Sc; (ii) poor in Y; (iii) rich in Eu. As visible in Fig. 13 , the two stars show very similar [X/Fe] ratios.

CONCLUSIONS

We investigated high-quality spectra of two stars selected for their high speed and compared their chemical pattern to literature analyses. We could derive abundances for 28 elements (C, N, O, Na, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y, Zr, Ba, La, Ce, Pr, Nd, Sm, Eu), and abundances from two ionisation states in the case of four elements (Ti, Cr, Fe and Zr). The two stars are similar in the chemical pattern with respect to Fe (see Fig. 13 ). From a chemical point of view:

• the two stars are metal-poor;

• both are -enhanced;

• both stars are poor in C and rich in N, as expected for evolved stars, and this fact is supported by the low 12 C∕ 13 C isotopic ratio in TYC 1193-1918-1;

• the stars show a slight excess in Eu abundance.

From a kinematic point of view these are Halo stars not belonging to the GSE structure. These two stars have retrograde orbits with high ellipticity. They display a chemical composition that is, by and large, indistinguishable from that of other halo stars of similar metallicity.

the final text. W. Aoki worked on the observing proposal and contributed on the preparation of the final text. L. Monaco computed the kinematic properties and orbits. T. Suda gave fundamental contributions on the C abundance and contributed on the preparation of the final text. F. Spite contributed on the discussion on the results and the preparation of the final text. L. Sbordone provided updates in the pipeline used for the analysis and the model atmospheres used in the chemical investigation. L. Lombardo was involved in the C abundance determination. A. Mucciarelli provided the model atmospheres used in the determinations of the stellar parameters. 

FIGURE 3

 3 FIGURE 3 Abundance ratios of the [C/Fe] (upper panel) and [O/Fe] (lower panel) as a function of [Fe/H]. The blue and black stars refer to the present study, TYC 622-742-1 and TYC 1193-1918-1, respectively, compared to two high-speed stars from Valentini et al. (2019, red dots), high-speed stars from Caffau et al. (2020a, green dots) and the evolved stars from Gratton et al. (2000, yellow dots) sample.

Fig. 4 ,

 4 the LTE investigation of [Ca/Fe] vs. [Fe/H] is shown. In the figure one can see that few stars in the sample by Fulbright (2000) (pink dots) and in the sample by Caffau et al. (2020a) (green dots) have slightly lower [Ca/Fe].

FIGURE 4

 4 FIGURE 4 Abundance ratios of the elements as a function of [Fe/H]. The blue and black star refer to the present study, TYC 622-742-1 and TYC 1193-1918-1, respectively, compared to two high-speed stars from Valentini et al. (2019, red dots), high-speed stars from Caffau et al. (2020a, green dots), the evolved stars from Ishigaki et al. (2012, light blue dots) and from Fulbright (2000, pink dots) sample.

FIGURE 5

 5 FIGURE 5 Abundance ratios of the odd-Z elements as a function of [Fe/H]. The blue and black star refer to the present study, TYC 622-742-1 and TYC 1193-1918-1, respectively, compared to the evolved stars from Gratton et al. (2000, yellow dots), from Ishigaki et al. (2013, light blue dots) and from Fulbright (2000, pink dots) sample.

FIGURE 6

 6 FIGURE 6 Abundance ratios of iron peak elements as a function of [Fe/H]. The blue and black star refer to the present study, TYC 622-742-1 and TYC 1193-1918-1, respectively, compared to two high-speed stars from Valentini et al. (2019, red dots), high-speed stars Caffau et al. (2020a, green dots) and the evolved stars from Ishigaki et al. (2013, light blue dots) and from Fulbright (2000, pink dots) sample.

  in Placco et al. (2014), the star TYC 622-742-1 was C-poor on the main sequence and also N-rich by about the same amount at the present evolutionary state. In Fig.10the [N/Fe] ratio is plotted as a function of the [C/Fe] ratio. The star TYC 1193-1918-1 shows abundance ratios similar to many stars in the two comparison sample, while TYC 622-742-1 stands out, with an extremely low [C/Fe] ratio joint to a high [N/Fe].The high [N/Fe] and low[C/Fe] ratios are surely an evolution effect. From Fig.11, one can see that the star TYC 1193-1918-1 is perfectly coherent with the comparison sample byGratton et al. (2000, yellow dots) which is close in metallicity. Instead, the star TYC 622-742-1, compared to the sample bySpite et al. (2005, green dots) seems a bit on the edge (see Fig.11).

  who derived A(C) from the G-band (2MASS J02412152-1825376, J14164084-2422000, J15260106-0911388, J17094926-6239285, J19161821-5544454, J20093393-3410273, J21162185-0213420, J21262525-2144243, J21513595-0543398); two stars fromAoki & Honda (2008): HD 29574 observed also

FIGURE 8 FIGURE 9

 89 FIGURE 8 Orbits of the two stars (blue and orange for TYC 622-742-1 and TYC 1193-1918-1, respectively) in various planes in Galactocentric X,Y,Z Cartesian coordinates and in the Galactocentric distance R versus height over the galactic plane Z (lower left panel). Orbits were integrated 10 Gyr backwards.

FIGURE 10 [

 10 FIGURE 10 [N/Fe] vs. [C/Fe], [C+N/Fe] vs. [Fe/H] and [C+N+O/Fe] vs. [Fe/H] of the two stars compared to the evolved stars from Gratton et al. (2000, yellow dots) sample and stars from Spite et al. (2005, green dots).

FIGURE 11 [

 11 FIGURE 11 [C/Fe], [N/Fe], [C+N/Fe] and [C+N+O/Fe] vs. log of the two stars compared to the evolved stars from Gratton et al. (2000, yellow dots) sample and stars from Spite et al. (2005, green dots).

FIGURE 12 [

 12 FIGURE 12 [C/Fe] vs. [Fe/H] of the two stars compared to the evolved stars from the literature: Gratton et al. (2000, yellow dots), Spite et al. (2005, green dots) and from the database Suda et al. (2008, light blue dots). The star HD 6268 (light blue dots surrounded by black squares) has three independent analysis, one of which gave results very similar to TYC 622-742-1 and HD 29574 (light blue dots surrounded by black circles).

FIGURE 13

 13 FIGURE 13The chemical pattern of TYC 622-742-1 (black circles) and TYC 1193-1918-1 (blue circles) compared to the two high-speed stars inValentini et al. (2019) (green and pink circles). Full symbols are used to show abundances derived from neutral lines and empty symbols from ionised lines.

TABLE 1

 1 The two spectra are here shown in the range of the Eu II line.

	Observation log

TABLE 2

 2 Gaia eDR3 data.

	TYC 622-742-1 TYC 1193-1918-1
	RA	01:50:23.07	00:40:48.26
	Dec	+08:14.31.7	+20:52:17.5
	Parallax (p)	0.1693	0.5726
	p	0.0153	0.0156
	p zero-point	-0.032	-0.035
	pmRA	13.496	13.142
	pmDec	-4.5610	-46.7576
	Gmag	10.996	10.323
	G BP	11.765	10.859
	G RP	10.142	9.626
	V r [km/s]	-114.0	-364.3
	V r [km/s]	0.4	0.3
	TABLE 3 Radial velocities.
	Star	V r	V r
	TYC	km s -1 km s -1
	TYC 622-742-1	-115.1	1.1
	TYC 1193-1918-1 -365.2	0.9
	TABLE 4 Target stars kinematical parameters.
		TYC 622-742-1 TYC 1193-1918-1
	V (km s -1 )	-108 ± 11	-226 ± 3
	V (km s -1 )	-98 ± 25	-234 ± 6
	V (km s -1 )	108 ± 1	-24 ± 7
	R (kpc)	13 ± 2	31 ± 2
	R (kpc)	7 ± 1	5.3 ± 0.1
	e	0.32 ± 0.05	0.70 ± 0.01
	Z		

TABLE 5

 5 Parameters.

	Star	ef f	log	[Fe/H]
		K	[cgs]	km s -1
	TYC 622-742-1	4233 ± 100 0.71 ± 0.20 2.00 ± 0.20 -2.37 ± 0.10
	TYC 1193-1918-1 4612 ± 100 1.67 ± 0.20 1.52 ± 0.20 -1.60 ± 0.10

TABLE 6

 6 Abundance ratio of the elements. The value for the NLTE correction of the Fe I we derive is: +0.10 dex for TYC 622-742-1 and +0.06 dex for the star TYC 1193-1918-1 (see Table7). From these lines, we derived an average LTE A(Fe) of 5.16 and 5.93, respectively, very close to the LTE Fe abundance derived from all the lines. We feel safe to apply these NLTE corrections to the [Fe/H] LTE abundances, and we obtain [Fe/H] of -2.27 and -1.54 for the two stars.Bergemann et al. 2012b), we see that the NLTE corrections provided are negligible in the case of our two stars. By applying the NLTE correction to our LTE analysis, A(Fe) derived for Fe I and Fe II lines are in agreement

	Element	Sun		TYC 622-742-1		TYC 1193-1918-1
		A(X) A(X) LTE	( )	N(X) A(X) NLTE A(X) LTE	( )	N(X)
	C	8.50	5.05	0.30 G-band		6.46	0.20 G-band
	N	7.86	6.90:	0.50	CN		6.84:	0.40	CN
	O I	8.76	7.25	0.13	2	7.25	7.75	0.14	7.75
	Na I	6.30	3.83	0.01	2	3.83	4.52	0.10	4.52
	Mg I	7.54	5.80	0.12	3	5.81	6.36	0.10	6.33
	Al I	6.47					4.93	0.14	4.93
	Si I	7.52	5.62	0.10	12	5.64	6.19	0.10	6.17
	Ca I	6.33	4.35	0.10	21	4.49	5.17	0.08	5.22
	Sc II	3.10	1.16	0.16	10		1.91	0.08	
	Ti I	4.90	2.80	0.08	56		3.58	0.07	
	Ti II	4.90	3.07	0.15	31	3.08	3.80	0.14	3.80
	V I	4.00	1.56	0.11	15		2.34	0.08	
	Cr I	5.64	3.16	0.10	17	3.46	4.00	0.08	4.21
	Cr II	5.64	3.42	0.07	6		4.15	0.09	
	Mn I	5.37	2.64	0.09	14	3.03	3.47	0.09	3.78
	Fe I	7.52	5.15	0.10	254	5.25	5.92	0.10	5.98
	Fe II	7.52	5.32	0.15	27	5.32	6.03	0.14	6.03
	Co I	4.92	2.63	0.10	16	3.04	3.33	0.12	3.62
	Ni I	6.23	3.85	0.12	52		4.60	0.13	
	Cu I	4.21	1.29	0.08	3		2.08	0.12	
	Zn I	4.62	2.20	0.16	1		3.08	0.03	
	Sr II	2.92	0.70	0.16	1	0.80	1.25	0.14	1.25
	Y II	2.21	-0.27	0.05	9		0.39	0.05	
	Zr I	2.62	0.60	0.16	1		1.00	0.14	
	Zr II	2.62	0.50	0.07	3		1.20	0.08	
	Ba II	2.17	-0.08	0.02	3	-0.23	0.60	0.04	0.44
	La II	1.14	-0.84	0.05	11		-0.34	0.04	
	Ce II	1.61	-0.58	0.05	6		-0.03	0.07	
	Pr II	0.76	-0.95	0.08	4		-0.62	0.06	
	Nd II	1.45	-0.46	0.05	29		0.04	0.07	
	Sm II	1.00	-0.78	0.04	9		-0.29	0.06	
	Eu II	0.52	-1.00	0.16	1	-0.90	-0.50	0.14	-0.40

a large sample of the Fe I lines

5 

. In this database we searched 5 http://spectrum.inasan.ru/nLTE/ for the lines used in our analysis. We entered the parameters of each star ( ef f , log and metallicity) and derived the NLTE correction for 94 and 102 lines for TYC

622-742-1 and TYC 1193-1918-1, respectively. 

TABLE 7

 7 NLTE corrections applied to the two stars in the sample.

	element TYC 622-742-1 TYC 1193-1918-1	reference
		NLTE correction	NLTE correction	
	O I	0.00	0.00	Sitnova et al. (2013)
	Na I	0.00	0.00	Takeda et al. (2003)
	Mg I	0.01	-0.03	Bergemann et al. (2017)
	Al I		0.00	Nordlander & Lind (2017)
	Si I	0.02	-0.02	Bergemann et al. (2013)
	Ca I	0.14	0.05	Mashonkina et al. (2016)
	Ti I	0.37	0.14	Mashonkina et al. (2016)
	Ti II	0.01	0.00	Mashonkina et al. (2016)
	Cr I	0.30	0.21	Bergemann et al. (2010)
	Mn I	0.39	0.31	Bergemann & Gehren (2008)
	Fe I	0.10	0.06	Mashonkina et al. (2016)
	Fe II	0.00	0.00	Mashonkina et al. (2016)
	Co I	0.41	0.32	Bergemann et al. (2010)
	Cu I	0.50	0.50	Andrievsky et al. (2018)
	Sr II	0.10		Andrievsky et al. (2011)
	Ba II	-0.15	-0.16	Korotin et al. (2015)

TABLE 8

 8 Sensitivity of abundances on atmospheric parameters

	Element		TYC 622-742-1		TYC 1193-1918-1
		ΔT ef f = ±100 Δlog =±0.2	Δ = ±0.2 ΔT ef f = ±100 Δlog =±0.2	Δ = ±0.2
		K		km s -1	K	km s -1
	O I	-0.03∕+0.02	-0.13∕+0.12 +0.00∕+0.00 -0.01∕ + 0.02 -0.11∕ + 0.13 +0.00∕ + 0.01
	Na I	-0.10∕+0.04	+0.01∕-0.02 +0.00∕+0.00 -0.09∕ + 0.08 +0.02∕ -0.04 +0.02∕ -0.02
	Mg I	-0.08∕+0.08	+0.02∕-0.03 +0.03∕-0.01 -0.09∕ + 0.09 +0.03∕ -0.03 +0.06∕ -0.05
	Al I				-0.09∕ + 0.05 +0.00∕ -0.01 +0.00∕ + 0.00
	Si I	-0.02∕+0.05	-0.02∕+0.01 +0.00∕+0.00 +0.00∕ + 0.04 -0.02∕ + 0.03 +0.01∕ + 0.00
	Ca I	-0.09∕+0.10	+0.02∕-0.02 +0.04∕-0.02 -0.11∕ + 0.10 +0.01∕ -0.01 +0.06∕ -0.06
	Sc II	+0.02∕-0.02	-0.11∕+0.11 +0.04∕-0.02 +0.02∕ -0.01 -0.12∕ + 0.12 +0.05∕ -0.04
	Ti I	-0.20∕+0.16	+0.02∕-0.01 +0.03∕-0.01 -0.15∕ + 0.15 +0.02∕ -0.01 +0.05∕ -0.03
	Ti II	+0.02∕-0.01	-0.07∕+0.08 +0.06∕-0.04 -0.01∕ + 0.00 -0.10∕ + 0.10 +0.08∕ -0.09
	V I	-0.18∕+0.16	+0.01∕-0.02 +0.00∕+0.00 -0.19∕ + 0.16 +0.01∕ -0.01 +0.00∕ -0.01
	Cr I	-0.16∕+0.14	+0.02∕-0.02 +0.03∕-0.03 -0.13∕ + 0.12 +0.01∕ -0.01 +0.04∕ -0.04
	Cr II	+0.06∕-0.04	-0.07∕+0.09 +0.01∕+0.00 +0.02∕ -0.01 -0.08∕ + 0.09 +0.03∕ -0.02
	Mn I	-0.14∕+0.14	+0.02∕-0.03 +0.01∕-0.01 -0.14∕ + 0.11 +0.01∕ -0.01 +0.02∕ -0.02
	Fe I	-0.12∕+0.12	+0.02∕-0.01 +0.05∕-0.04 -0.11∕ + 0.11 +0.00∕ + 0.00 +0.06∕ -0.06
	Fe II	+0.10∕-0.06	-0.09∕+0.11 +0.05∕-0.02 +0.09∕ -0.06 -0.12∕ + 0.12 +0.06∕ -0.07
	Co I	-0.13∕+0.15	+0.00∕-0.01 +0.00∕+0.00 -0.14∕ + 0.13 +0.00∕ + 0.01 +0.01∕ + 0.00
	Ni I	-0.10∕+0.09	+0.00∕-0.01 +0.01∕-0.02 -0.09∕ + 0.09 -0.01∕ + 0.01 +0.03∕ -0.03
	Cu I	-0.12∕+0.13	+0.02∕-0.01 +0.00∕+0.00 -0.14∕ + 0.12 +0.00∕ -0.01 +0.00∕ -0.01
	Zn I	+0.05∕-0.03	-0.06∕+0.05 +0.03∕-0.02 +0.04∕ -0.01 -0.06∕ + 0.07 +0.08∕ -0.06
	Sr II	-0.10∕+0.09	+0.00∕-0.01 +0.15∕-0.12 -0.13∕ + 0.12 -0.01∕ + 0.03 +0.16∕ -0.13
	Y II	-0.05∕+0.05	-0.07∕+0.06 +0.04∕-0.03 -0.03∕ + 0.03 -0.09∕ + 0.09 +0.05∕ -0.05
	Zr I	-0.21∕+0.11	+0.00∕+0.00 +0.00∕+0.00 -0.13∕ + 0.12 -0.01∕ + 0.01 +0.00∕ + 0.00
	Zr II	+0.02∕-0.01	-0.08∕+0.11 +0.04∕-0.02 +0.01∕ + 0.02 -0.11∕ + 0.13 +0.04∕ -0.05
	Ba II	-0.04∕+0.06	-0.09∕+0.10 +0.21∕-0.14 -0.05∕ + 0.05 -0.11∕ + 0.11 +0.28∕ -0.23
	La II	-0.04∕+0.04	-0.09∕+0.10 +0.01∕-0.01 -0.04∕ + 0.05 -0.08∕ + 0.10 +0.01∕ -0.01
	Ce II	-0.08∕+0.07	-0.07∕+0.07 +0.00∕+0.00 -0.07∕ + 0.05 -0.07∕ + 0.09 +0.03∕ -0.01
	Pr II	-0.04∕+0.05	-0.10∕+0.10 +0.00∕+0.00 -0.04∕ + 0.04 -0.09∕ + 0.12 +0.00∕ + 0.00
	Nd II	-0.07∕+0.06	-0.07∕+0.09 +0.02∕+0.00 -0.04∕ + 0.04 -0.10∕ + 0.08 +0.00∕ -0.01
	Sm II	-0.06∕+0.05	-0.13∕+0.11 +0.03∕-0.02 -0.06∕ + 0.05 -0.10∕ + 0.10 +0.02∕ -0.02
	Eu II			

IRAF is distributed by the National Optical Astronomy Observatories, which is operated by the Association of Universities for Research in Astronomy, Inc. under cooperative agreement with the National Science Foundation

http://github.com/jobovy/galpy

https://github.com/adrn/pyia

We use it in the form log = log( ) + 4 log( ∕5777.) + 0.4( + ) + 2 log + 0.11 + 4.4377 where is the mass of the star in units of solar masses, is the Gaia magnitude of the star, is the bolometric correction in the band, is the parallax,

is the effective temperature of the Sun, 4.4377 is log of the Sun and 0.11 is a constant linked to the absolute bolometric magnitude of the Sun. SeeNissen et al. (1997) for a derivation of this form of the formula.
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APPENDIX A: ATOMIC DATA

The atomic data are provoded in a table deposited to CDS and here below in Table A1 the first lines are shown. In the Table we list the atomic lines used of [OI], Na I, Mg I, Al I, Si I, Ca I, Sc II, Ti I, Ti II, V I, Cr I, Cr II, Mn I, Fe II, Co I, Ni I, Cu I, Zn I, Sr II, Y II, Zr I, Zr II, Ba II, La II, Ce II, Pr II, Nd II, Sm II, Eu II. The atomic data are from Heiter et al. (2021). Hyperfine splitting has been taken into account when deriving the abundances of the following elements V, Mn, Co, Cu, Ba, Pr, Nd, Eu, but is not listed below. The solar mix isotopic ratios provided in Table 3 of Heiter et al. (2021) have been used for the computation of the abundances.