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Abstract

Context. We embarked on a high-resolution optical spectroscopic survey of bright Transiting Exoplanet Survey Satellite (TESS) stars around the Northern Ecliptic Pole (NEP), dubbed the Vatican-Potsdam-NEP (VPNEP) survey.

Aims. Our NEP coverage comprises ≈770 square degrees with 1067 stars, of which 352 are bona fide dwarf stars and 715 are giant stars, all cooler than spectral type F0 and brighter than V = 8m.5. Our aim is to characterize these stars for the benefit of future studies in the community.

Methods. We analyzed the spectra via comparisons with synthetic spectra. Particular line profiles were analyzed by means of eigenprofiles, equivalent widths, and relative emission-line fluxes (when applicable).

Results. Two R = 200 000 spectra were obtained for each of the dwarf stars with the Vatican Advanced Technology Telescope (VATT) and the Potsdam Echelle Polarimetric and Spectroscopic Instrument (PEPSI), with typically three R = 55 000 spectra obtained for the giant stars with STELLA and the STELLA Echelle Spectrograph (SES). Combined with V-band magnitudes, Gaia EDR3 parallaxes, and isochrones from the Padova and Trieste Stellar Evolutionary Code, the spectra can be used to obtain radial velocities, effective temperatures, gravities, rotational and turbulence broadenings, stellar masses and ages, and abundances for 27 chemical elements, as well as isotope ratios for lithium and carbon, line bisector spans, convective blue-shifts (when feasible), and levels of magnetic activity from Hα, Hβ, and the Ca II infrared triplet. In this initial paper, we discuss our analysis tools and biases, presenting our first results from a pilot sub-sample of 54 stars (27 bona-fide dwarf stars observed with VATT+PEPSI and 27 bona-fide giant stars observed with STELLA+SES) and making all reduced spectra available to the community. We carried out a follow-up error analysis, including systematic biases and standard deviations based on a joint target sample for both facilities, as well as a comparison with external data sources.
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★ Data and full Table 5 are only available at the CDS via anonymous ftp to cdsarc.cds.unistra.fr (130.79.128.5) or via https://cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/671/A7

★★ Based on data acquired with the Potsdam Echelle Polarimetric and Spectroscopic Instrument (PEPSI) using the Vatican Advanced Technology Telescope (VATT; i.e. the Alice P. Lennon Telescope and the Thomas J. Bannan Astrophysics Facility) in Arizona and the STELLA Echelle Spectrograph (SES) using the Stellar Activity (STELLA) robotic facility in Tenerife.



1 Introduction
The main aim of this survey is to provide precise spectroscopic parameters for potential planet-host stars from the NASA Transiting Exoplanet Survey Satellite (TESS; Ricker et al. 2014) mission and the future ESA PLAnetary Transits and Oscillations of stars (PLATO; Rauer et al. 2014) mission. The two ecliptic poles are the best-sampled fields for TESS and each covers a core area on the sky of approximately 24° × 24°. Because its sampling over time decreases beyond a radius of ≈16° from the pole, we limited our survey to a radius of 16° from the Northern Ecliptic Pole (NEP). The coordinates of the center of the NEP are right-ascension 18h00m00s and declination +66°33′38.55″ for equinox 2000.0.
Stellar host characteristics must be known in order to describe and understand the planets discovered (e.g., Udry & Santos 2007). Several high-resolution surveys have been initiated worldwide, also partly for other purposes. For example, ESA’s Gaia mission initiated a large spectroscopic survey of FGK-type stars at ESO with low-to-moderate resolution (Gilmore et al. 2012) but also with HARPS at high resolution (Delgado Mena et al. 2017), while NASA’s Kepler, K2, and TESS missions have spurred follow-up programs at several U.S., European, and Australian observatories (e.g., Brewer et al. 2016, Furlan et al. 2018, Sharma et al. 2019, and Tautvaisiene et al. 2020). These analyses have focused on global stellar parameters such as effective temperature, gravity, and metallicity, as well as on detailed chemical abundances (e.g., Valenti & Fischer 2005, Heiter et al. 2015, Delgado Mena et al. 2021).
Included among the more elusive stellar parameters are con-vective blue shift (Bauer et al. 2018), stellar rotation (Barnes 2003, Lanzafame et al. 2019), and stellar activity (Strassmeier et al. 2000). In addition, certain chemical abundances and iso-topic ratios can be related to the evolutionary status of the stellar system once a particular measurement precision has been achieved (as per Tucci Maia et al. 2016, Soto & Jenkins 2018, and Adibekyan et al. 2021). Prior spectroscopic surveys of exoplanet-host stars have revealed that Jupiter-like giants are preferentially found around metal-rich stars (Fischer & Valenti 2005, Udry & Santos 2007), while smaller planets are apparently equally likely in all kinds of stars (Sousa et al. 2011; Buchhave et al. 2012, Buchhave et al. 2014; Schuler et al. 2015). Additionally, studies by Adibekyan et al. (2015) and Santos et al. (2017) have hinted that metal-poor planet hosts tend to have a higher [Mg/Si] ratio than metal-poor stars without planets. They also predicted a higher Fe-core mass fraction for rocky planets. We note that for [Mg/Si] ratios in solar-type stars more details are given in Suárez-Andrés et al. (2018). Several authors, for example, Meléndez et al. (2009), Meléndez et al. (2014) and Adibekyan et al. (2016), have shown that Sun-like stars possibly show an increase in elemental abundance as a function of condensation temperature, but see Mack et al. (2018) for a counter example. While the Sun itself appears to be depleted in elements with high condensation temperatures, it is the refractory elements that are likely to be the main constituents of terrestrial planets. We may hypothesize that the abundance of the host star’s refractory elements hints, in particular via the C/O and C/Fe ratios (cf. Delgado Mena et al. 2021), toward the existence and age of rocky planets.
Our survey in this paper is based on high-resolution spectra and conducted with two different telescope-spectrograph combinations. Dwarf stars are observed with the VATT and PEPSI from Arizona, while giants stars are observed with STELLA and SES from Tenerife. The PEPSI dwarf-star spectra resemble the spectra of the PEPSI Gaia benchmark stars presented earlier by Strassmeier et al. (2018b) based on the sample of Blanco-Cuaresma et al. (2014a). We refer to these higher-quality data, mostly taken with the Large Binocular Telescope (LBT), for a detailed wavelength-by-wavelength comparison with the present VATT-PEPSI data. The giant-star spectra from STELLA and its SES échelle spectrograph resemble the data analyzed, for example, in Strassmeier et al. (2015a), with additional details given therein. An independent survey done in parallel with spectra with a comparable resolution to SES was presented recently by Tautvaisiene et al. (2020) and included 302 stars brighter and cooler than F5 near the NEP. These data were used to extract the absolute stellar parameters and chemical abundances for 277 of them. Additional abundances for neutron-capture elements for 82 of these stars were presented just recently by Tautvaisiene et al. (2021). Ayres (2021) also recently published HST/COS far-ultraviolet spectra for 49 dwarf targets near the ecliptic poles and derived individual ultraviolet emission lines as well as basal fluxes for these targets.
The present paper is organized as follows. Section 2 describes the design of the survey, instrumentation, observations, and data reduction. Section 3 describes the analysis tools, along with their strengths and limitations. Section 4 shows the first data from the pilot observations of 54 of the 1067 targets, presenting initial results for these targets and enabling a first quality assessment of the data products. Section 5 offers a description of the data release, including some notes on individual stars of the pilot sample. Section 6 provides a summary and an outlook. Detailed numerical results are given for the pilot stars in form of tables and figures in the appendix. All the spectra for all 1067 stars are to be made public and can be retrieved via CDS.
	[image: thumbnail]	Fig. 1 Color-magnitude diagram of the NEP stars in this survey. The evolutionary tracks are the Basti tracks from Pietrinferni et al. (2004) and are intended only for the purposes of orientation. The arbitrary sample cut-off was set at B – V of 0m.3. The most luminous targets in the respective two samples are ψ02 Dra (F2III, in the VATT sample) and β Dra (G2Ib-IIa, in the STELLA sample).



2 Survey design, observations, and data reduction
2.1 Sample selection, timeline, and deliverables
We adopted a circular field around the NEP with a radius of 16° from the pole. Its ≈770 square degrees contain a total of 1093 stars brighter than 8m.5 in Johnson V. The limit of 8m.5 was chosen solely due to observational constraints dictated by the telescope diameter, the high spectral resolution and the desired signal-to-noise ratio (S/N) of at least 100. Of these 1093 stars, 1067 are cooler than spectral type F0, that we defined by using a value of B – V of +0m.3. Of these, 352 stars can be classified as main-sequence stars or close to it based on their Gaia EDR3 parallaxes and 715 as evolved stars on the red giant branch (RGB), in the clump region, or perhaps on the asympotic giant branch (AGB). Figure 1 is a color-magnitude diagram (CMD) of the entire sample and Fig. 2 displays histograms of the sample distribution in apparent brightness, B – V color and absolute magnitude. Because the giant stars are less likely to be detectable as planet-hosting systems compared with the dwarf stars, and because the dwarf-star sample already consumes all of our telescope time on the VATT+PEPSI, we deferred the giant-star sample to another telescope-spectrograph combination: STELLA+SES. Both samples require about 50 nights per year for 3 yr around the culmination of the NEP (≈June). Targets were observed independently but approximately contemporaneously around the same epochs in May through July.
The PEPSI data in this paper provide R =λ/Δλ = 200 000 in three wavelength windows, totaling a coverage of 3480 Å, while SES provides R = 55000 but full optical wavelength coverage of 4800 Å. The PEPSI spectrograph is physically located at the Large Binocular Telescope Observatory (LBTO) on Mt. Graham and is fed by an underground fiber from the nearby VATT. In order to identify RV variations, for example, due to unknown binaries, we carried out at least two (often up to five) visits of each target to obtain independent radial velocities, but distributing the observing load to both telescopes. For the PEPSI set-up, we decided to maintain the reddest cross disperser (CD) in the blue arm (CD III) for both visits and only change from CDV to CD VI for the second visit for increased wavelength coverage. We note that no such change is needed for STELLA+SES because of its fixed spectral format.
A ten-night pilot survey was first conducted with the VATT and PEPSI during May 18–27, 2017. The same instrumental setup as for the main survey was employed. A total of 27 target stars were observed: 21 of these in CD III and V, and again in CD III and VI; the missing 6 targets were re-observed at a later point in time. A similar pilot survey of a randomly selected sample of 27 giant stars was conducted with STELLA and SES during March 2018. Both samples together constitute the pilot targets in this paper. The individual pilot stars are identified in Tables 1 and 2 along with B and V magnitudes, a CDS-Simbad based spectral type, and the distance, d, from the Gaia EDR3 parallax (Gaia Collaboration 2021) whenever available, otherwise from HIPPARCOS (van Leeuwen 2007). There are several targets in common with the survey by Tautvaisiene et al. (2020), with 6 dwarfs and 8 giants and by Ayres (2021), with 4 dwarfs, which we will use to make our comparison, presented in the results (Sect. 4).
In addition to the giant star sample, we steadily moved those stars from the VATT sample to STELLA that turned out to be hitherto unknown binaries or that are known binaries, but without an appreciably well-defined orbit. Furthermore, a total of ≈200 main-sequence targets from the VATT+PEPSI sample were also observed with STELLA+SES to identify and define systematic differences, for example, due to spectral resolution. At the time of writing, six stars in the full sample are already known to have planetary candidates (11 UMi, HD 150010, HD 150706, HD 156279, HD 163607, and ψ01 DraB). It is worth mentioning that the full dwarf star sample from the VATT contains a number of G-type Hertzsprung-gap giants and even a few F-type giants, for example, ψ02 Dra (F2III; Soubiran et al. 2016), due to the simple B – V selection criterium. Similarly, the giant-star sample on STELLA contains a few bright giants, for example, β Dra (G2Ib-IIa; Keenan & McNeil 1989). Because these are just a few (and interesting) targets, we kept them in the respective observing programs and will make their data available, along with the other survey targets.
The survey deliverables are the same for both subsam-ples. The only difference is that the lower spectral resolution of STELLA+SES does not allow for a meaningful convective velocity determination (see Löhner-Böttcher et al. 2019 for a detailed discussion). To summarize, our survey deliverables are as follows. Radial velocities: one radial velocity (RV) per spectrum, good to up to 5–30 m s−1 for the VATT sample and good to 30–300 m s−1 for the STELLA sample, depending on the target. Global stellar parameters: effective temperature (Teff), logarithmic gravity (log ɡ), metallicity ([M/H]), micro turbulence (ξt) and macro turbulence (ζt), and projected rotational broadening (υ sin i). From this and the Gaia EDR3 parallaxes (Gaia Collaboration 2021), we infer the luminosity, radius, mass, and age via a comparison with evolutionary tracks and isochrones using the most recent models from PARSEC (Padova and Trieste Stellar Evolutionary Code; Bressan et al. 2012). Chemical abundances: abundances with respect to the Sun and hydrogen of as many elements as possible, most importantly, for the α elements and CNO. Whenever possible nonlocal thermal equilibrium (NLTE) and/or three-dimensional (3D) corrections were applied. Isotope ratios: for lithium, carbon, and helium, if feasible. Surface granulation: from an average line bisector (BIS) we derived its maximum velocity span as a measure for convective granulation. Convective blue shift: from a systematic wavelength shift of weak lines with respect to strong lines we obtain a measure for convective blue shift. Finally, magnetic activity: absolute line-core fluxes for Hα, Hβ, the Ca II infrared-triplet (IRT) lines, and He I 5876 Å (if present).
	[image: thumbnail]	Fig. 2 Stellar parameters of the target sample. The three panels show the number of stars observed as a function of selection parameter. Panel a shows the apparent visual brightness, panel b shows the absolute visual brightness based on the Gaia EDR3 parallax, and panel c shows the B – V color from the Tycho catalog. Total sample of the full survey is 1067 stars cooler than spectral type F0.



Table 1 
Pilot sample observed with VATT+PEPSI.

Table 2 
Pilot sample observed with STELLA+SES.

2.2 Instrumental set-up for VATT+PEPSI observations
Very high-resolution spectra with R of 200 000 are being obtained with PEPSI (Strassmeier et al. 2015b) connected to the 1.8 m VATT through a 450 m long fiber (Sablowski et al. 2016). Due to the fiber losses in the blue, we focus consequently only on the wavelengths of its red CDs, which provide enough throughput even after 450 m of glass. PEPSI is a fiber-fed white-pupil échelle spectrograph with two arms (blue and red) covering the wavelength range 3830–9120 Å with six different CDs. The observations in this paper were performed using only three of the six cross-dispersers, covering the wavelength ranges 4800–5440 Å (CD III), 6280–7410 Å (CD V), and 7410–9120 Å (CD VI). The high spectral resolution is made possible with a nine-slice image slicer and a 200-μm fiber (called 130L mode) with a projected sky aperture of 3″. Its resolution element is sampled with two pixels and corresponds to 1.5 km s−1 (30 mÅ) at 6000 Å. Two 10.3k × 10.3k STA1600LN CCDs with 9-μm pixels record 51 échelle orders in the three wavelength settings. The average dispersion is 10 mÅ/pixel. Every target exposure is made with a simultaneous recording of the light from a Fabry-Perot etalon provided through the sky fibers.
Observations with the VATT commenced on May 26, 2018 and ended on June 30, 2022. We adopted integration times of between 10 and 90 min. The S/N ranges from 80 to 870 per pixel in CD V and VI to 30–370 in CD III depending on target and on weather conditions. A sample spectrum showing the full wavelength range is shown in Fig. 3a. Two selected wavelength windows of interest are plotted for all 27 VATT targets of the pilot survey in Figs. 3b and 3c.
The PEPSI data reduction was initially described in Strassmeier et al. (2018a) but will be laid out in more detail in a forthcoming paper by Ilyin (in prep.). The VATT PEPSI data in the present paper do not differ principally from the LBT PEPSI data other than S/N. We employed the Spectroscopic Data System for PEPSI (SDS4PEPSI) based upon the 4A software (Ilyin 2000) developed for the SOFIN spectrograph at the Nordic Optical Telescope. It relies on adaptive selection of parameters by using statistical inference and robust estimators. The standard reduction steps include bias overscan detection and subtraction, scattered light surface extraction from the inter-order space and subtraction, definition of échelle orders, optimal extraction of spectral orders, wavelength calibration, and a self-consistent continuum fit to the full 2D image of extracted orders. Wavelengths in this paper are given for air and radial velocities are reduced to the barycentric motion of the solar system.
2.3 Instrumental set-up for STELLA+SES observations
Giant stars are observed with AIP’s robotic 1.2 m STELLA-II telescope on Tenerife in the Canary islands (Strassmeier et al. 2004, Weber et al. 2012). Its fiber-fed echelle spectrograph SES with an e2v 2k × 2k CCD detector was used. All spectra cover the full optical wavelength range from 3900 to 8800 Å at a resolving power of R = 55 000 with a sampling of three pixels per resolution element. The spectral resolution is made possible with a two-slice image slicer and a 50-μm (octagonal) fiber with a projected sky aperture of 3.7″. At a wavelength of 6000 Å this corresponds to an effective resolution of 5.5 km s−1 or 110 mÅ. The average dispersion is 45 mÅ pixel−1. Further details on the performance of the system can be found in previous applications to giant stars, for example in Weber & Strassmeier (2011) or Strassmeier et al. (2015a).
Observations with STELLA commenced in March 2018 and lasted until November 2022. We adopted integration times of 10–15 min for stars brighter than 6m.0, 20 min for 6m.0–6m.5, 30 min for 6m.5–7m.0, 40 min for 7m.0–7m.5, 60 min for 7m.5– 8m.0, and 90 min for stars fainter than this. The achieved S/N ranges between 210–450 per pixel depending on target and on weather conditions. As for the VATT+PEPSI observations, a minimum of at least two visits per target were scheduled. A full STELLA+SES example spectrum is shown in Fig. 4a, while the same two selected wavelength windows as for the VATT+PEPSI sample are shown in Figs. 4b and 4c.
The SES spectra are automatically reduced using the IRAF-based STELLA data-reduction pipeline SESDR (Weber et al. 2008, Weber et al. 2016). All images were corrected for bad pixels and cosmic-ray impacts. Bias levels were removed by subtracting the average overscan from each image followed by the subtraction of the mean of the (already overscan subtracted) master bias frame. The target spectra were flattened by dividing by a nightly master flat which has been normalized to unity. The nightly master flat itself is constructed from around 50 individual flats observed during dusk and dawn. Following the removal of scattered light, the 1D spectra were extracted using an optimal-extraction algorithm. The blaze function was then removed from the target spectra, followed by a wavelength calibration using consecutively recorded Th–Ar spectra. Finally, the extracted spectral orders were continuum normalized by dividing with a flux-normalized synthetic spectrum of comparable spectral classification as the target.
	[image: thumbnail]	Fig. 3 Pilot-survey spectra for the dwarf-star sample observed with VATT and PEPSI at R ≈200 000. The respective x-axes are wavelength in Angstroem. Panel a shows the available wavelength coverage with cross dispersers III (4800–5440 Å), V (6280–7410 Å), and VI (7410–9120 Å). Panel b shows sample stars for a wavelength window around the Li I 6707.8-Å line. Panel c shows the same stars but for a wavelength window around the core of the chromospheric Ca II IRT λ18498-Å line. We note that all stars with lines shifted with respect to the laboratory wavelength appear to be spectroscopic binaries. We also note the large line broadening for some of the targets.



3 Analysis tools and techniques
3.1 Spectroscopic Data System (SDS)
Data preparation for the analysis was done with the same software package that was used for the data reduction. This generic software platform is written in C++ under Linux and is called the Spectroscopic Data System (SDS; Ilyin 2000). It is specifically designed to handle the PEPSI data calibration flow and image-specific content and is then referred to as SDS4PEPSI. However, the same SDS tools were used for data obtained with different échelle spectrographs, that is, SES in our case (SDS4STELLA), as well as to perform data analysis such as the determination of line bisectors in wavelength space. The numerical toolkit and graphical interface was designed based on the parameters of Ilyin (2000), some applications to PEPSI spectra are initially described in Strassmeier et al. (2018a).
SDS exploits the many advantages of object-oriented and template-class programming. An extensive Numerical Template Library (NTL) is specifically tailored to the needs of the data analysis tools. Basic approximation tools include smoothing, circular, and polar splines with adaptive regularization parameter to minimize the curvature or the second derivative of the residuals, orthogonal polynomial series, and Chebyshev polynomials in one, two, and three dimensions. Non-linear least-squares approaches include multi-profile fitting, multi-harmonic fitting to periodic signal (also circular splines), and an orbital solution to radial velocities. In addition, NTL implements a special class of numeric iterators that allow for its use as a vector language (like in Java or IDL). An extensive matrix template class incorporates a variety of different types of 2D matrices and a 3D cube matrix necessary for solving least-squares fitting problems with a number of matrix decomposition template classes.
	[image: thumbnail]	Fig. 4 Pilot-survey spectra for the giant-star sample observed with STELLA and SES at R = 55 000. Otherwise, the details are the same as in Fig. 3.



3.2 Parameters from SES (ParSES)
Our numerical tool, namely, Parameters from SES (ParSES; Allende Prieto 2004, Jovanovic et al. 2013) is implemented in the STELLA data analysis pipeline as a suite of Fortran programs. It utilizes a grid of pre-computed template spectra built with Turbospectrum (Plez 2012). The line-list used by Turbospectrum is the most up-to-date VALD version (VALD-3; Ryabchikova et al. 2015). The best-fit search is based on the minimum distance method, with a non-linear simplex optimization described, among others, in Allende Prieto et al. (2006). The program is applied to SES as well as to PEPSI spectra. The free parameters per spectrum are Teff, log ɡ, [M/H], ξt, and υ sin i.
We note that ParSES cannot handle macroturbulence (ζ) implicitly. Instead, it uses a predefined table of macroturbulence velocities as a function of effective temperature and gravity. We implemented the relation given by Gray (2022), except for main-sequence targets with log ɡ ≥ 4 which we took from Valenti & Fischer (2005). Therefore, the ParSES fit to the observed line broadening is the geometric sum of the macroturbulence broadening and the rotational broadening, [image: equation]. Because double-lined binary spectra (SB2) cannot be run automatically through the ParSES routines, we treated the two SB2 targets in the pilot sample (BY Dra and HD 165700) just as single stars and, thus, we extracted only approximate values for the respective primary components.
3.3 Singular Value Decomposition of line profiles (iSVD)
The multi-line Stokes-profile reconstruction code iSVD is part of the iMAP software package (Carroll et al. 2012). We applied it only in its non-polarimetric Stokes-I mode. The code uses a preset candidate line list (currently with data from VALD) to extract and reconstruct an average line profile. The method relies on a Singular-Value-Decomposition (SVD) algorithm and a bootstrap-permutation test to determine the dimension (rank) of the signal subspace. The eigenprofiles of the signal subspace are then cross-correlated with the candidate lines to reconstruct a mean Stokes-I profile. The actual number of lines varies from star to star and depends on the richness of the spectrum and the initial S/N. Typically, a few thousand spectral lines are averaged for a K star and many hundreds for a G star. The S/N values for the resulting averaged line profiles typically then amount to several thousands.
3.4 q2/MOOG and Turbospectrum
For determining the chemical abundances, we measured the equivalent widths (EWs) with the ARES v2 (Sousa et al. 20151) package. Additionally, the SPECTRE analysis package (Fitzpatrick & Sneden 1987) and the task splot of IRAF2 were used to check the EWs. Then we used the qoyllur-quipu (q2) code (Ramirez et al. 2014), which is a free python package3 that allows for the use the 2019 version of MOOG (Sneden 1973) in silent mode to derive automatically the chemical abundances of different elements at once and/or the stellar parameters. The code allows the user to employ both the abfind and blends drivers of MOOG to take into account for hyper-fine-structure (HFS) details. The abundances of the elements with many spectral lines are always determined from the measurements of their EWs on a line-by-line basis.
For selected wavelength regions, we employed Turbospectrum (Plez 2012) and its fitting program TurboMPfit for a direct line synthesis fit. The synthesis approach with TurboMPfit compares an observed spectrum with a library of pre-computed 1D LTE synthetic spectra. It is employed for elements where practically only a single wavelength range is available. For example for the lithium 6708 Å region, we compute synthetic spectra for different abundances A(Li), isotope ratios 6Li/7Li, and iron abundances [Fe/H]. We then identified the optimal fit by an automatic Levenberg-Marquardt minimization procedure included in TurboMPfit, which was designed specifically for the present purpose: providing the multi-dimensional library of synthetic spectra computed with Turbospectrum as input for MPFIT (Markwardt 2009), together with a list of fitting parameters that are to be optimized to find the minimum χ2
3.5 A Python tOol Fits Isochrones to Stars (APOFIS)
For the determination of stellar ages and masses, we developed A Python tOol Fits Isochrones to Stars (APOFIS) which finds the point closest to an observation in a set of stellar isochrones (or evolutionary tracks) based on a quadratic minimization between observational and isochrone parameters. The selection of input parameters is only limited by the parameter coverage of the isochrone and the sample star. For each pre-calculated point along an isochrone, APOFIS calculates the (error weighted) deviation over the included parameters for the fit. The smallest deviation and its associated point along an isochrone are adopted as the best fit.
The sampling rate of the isochrones has a strong impact on the best match found. Therefore, APOFIS first oversamples each individual isochrone with a linear interpolation between consecutive points along their mass dimension. It can handle multiple isochrones at once. However, there is no interpolation between different isochrones, that is, along the age dimension. Therefore, sets of isochrones with a dense age sampling are preferred. The details of the oversampling are dependent on the chosen isochrones and are described in the application in Sect. 4.5. It can handle evolutionary tracks as well, which reverses the above mentioned problem with the sampling.
To estimate the fitting error that results from the uncertainty in the input stellar parameters, APOFIS creates random samples of new data points based on the error of the input parameter. Thereby, the parameter errors are assumed to be Gaussian and the input error is set as 3σ error. The fit is carried out for each point which returns a distribution of solutions. This distribution is subjected to a K-means clustering algorithm (Lloyd 1982), with the number of applied clusters determined from a silhouette analysis, to identify patterns in the data that allows the separation into subgroups. This is relevant since stellar isochrones may intersect and the same parameters may correspond to vastly different types of stars, for example, higher mass pre-main sequence and lower mass Hertzsprung-gap stars. The clustering allows to (automatically) separate those solutions based on the information in the isochrones. The highest populated cluster is selected for the solution and the mean and the standard deviation of the distribution are adopted as fitted parameter and error, respectively. Hereby, APOFIS accounts for the general asymmetry of the error by calculating a separate standard deviation for above and below the fitted parameter.
4 Analysis of the pilot sample and first results
4.1 Radial velocity
The PEPSI long-term wavelength calibration with a Th-Ar lamp is precise to 10–30 m s−1 (see Strassmeier et al. 2018a). We achieve higher precision with a simultaneous exposure of the fringes from the Fabry-Perot etalon calibrator. This set-up was used for the survey targets in this paper. The resulting long-term radial-velocity rms of PEPSI is then 5–6 m s−1, although the applicable time range is on the order of months due to instrument maintenance. A precision of ≈1 ms−1 can be achieved throughout an individual night. When PEPSI was used for an 8-h series of solar spectra, a 47 cm s−1 peak-to-peak amplitude due to the 5-min oscillation was detected at a 5σ level (Strassmeier et al. 2018a). For SES, the long-term precision in terms of radial velocity is much better known and is between 30 and 150 m s−1 (rms), depending on the target’s line broadening and spectral properties (Weber et al. 2012). Its value is well determined over the years and is based on 16 radial-velocity standard stars that are being observed since the inauguration of the telescope in 2006 (Strassmeier et al. 2012).
Relative radial velocities in this paper were obtained from a fit to the cross correlation function (CCF) with synthetic spectra from Turbospectrum, itself based on MARCS atmospheres (Gustafsson et al. 2008) and the VALD-3 (Ryabchikova et al. 2015) line list. We first re-sampled both spectra to velocity space and then define the peak of a Gaussian fit to the CCF as the velocity shift with respect to the template. We did not use the entire spectral range is used for the CCF. Regions strongly affected by telluric lines as well as regions including Fraunhofer lines such as Hα and Hβ were excluded from the fit. The actual wavelength ranges used are 4880–5387 Å for the blue-arm CD III in VATT+PEPSI, 6392–6540 Å, and 6586–6857 Å; and 6969–7162 Å for the red-arm CD V. The red wavelength end of CD VI is severely contaminated by water vapor and O2 bands and we use only the range 8389–8906 Å for its CCF. We also excluded the regions of the Ca II IRT lines because of their sensitivity to chromospheric activity. For STELLA+SES, all of these wavelength ranges are employed for the CCF simultaneously and result in a single velocity per epoch. For VATT+PEPSI, we treat velocities from the blue and the red arm as if they were independent. The first VATT visit usually was with CD III and CD V, while the second visit with CD III and CD VI. Therefore, the VATT+PEPSI data (in principle) provide four radial velocities for two epochs. We then averaged the equal-epoch velocities with equal weight and give their standard deviation. The SB2 spectra were basically treated as single-star spectra, but just that the template is applied twice to fit the CCF peaks from both components. Figure 5 shows an example of a RV determination for a SB2 spectrum. It specifies the wavelength ranges for the CCF, the wavelength coverage used, and shows the resulting CCF with a fit for the primary star. For all spectra, we use the pdferror setting in FERRE (Allende Prieto & Apogee Team 2015) to derive the uncertainty estimates. Standard deviations of the parameter values are derived from the covariance matrix, which, in turn, is derived by randomly sampling the likelihood function. We note that once an initial RV had been determined, the ParSES routine is called for a fit for the astrophysical parameters including υ sin i and metallicity. If these differ from the initially adopted solar template spectrum the RV CCF fit is redone with a proper and broadened template spectrum.
Absolute velocities are determined by applying a zero-point shift to the measured relative velocities. The zero point for STELLA+SES was determined previously in Strassmeier et al. (2012) relative to CORAVEL and was linked to the IAU standard star list (see Weber et al. 2012). PEPSI is stabilized and consequently would require a much more accurate zero point correction at the level of a few m s−1, which is not available. An RV offset of 74 m s−1 between PEPSI solar spectra and the laser-comb based IAG FTS solar atlas (Reiners et al. 2016) had been noticed previously (Strassmeier et al. 2020). However, we refrain from making a correction in the present paper. Due to telescope-time constraints on VATT+PEPSI, we could not re-observe the same RV standard stars that were used for the STELLA+SES zero point. Instead, we used stars that are commonly observed with SES and PEPSI to determine a relative offset between the two telescope-spectrograph combinations. The (preliminary) mean RV difference ΔRV in km s−1 for SES-minus-PEPSI and its standard deviation is:
[image: equation](1)
We note that no RV shifts are applied for the present-paper pilot sample but that the individual RVs for the full survey sample, with a joint zero point will be refined in a forthcoming paper. All stellar RVs in this paper are reduced to the barycentric motion of the solar system using the JPL ephemeris. Table A.1 lists the RVs for the spectra of the pilot stars.
	[image: thumbnail]	Fig. 5 Radial velocities from PEPSI spectra. Shown is the CCF (top panels) and the wavelength coverage for one target for one visit (bottom panels). The target is the double-lined spectroscopic binary BY Dra. Panels show the full CCF with pixels binned by a factor five (top left, blue line) and the unbinned central 180 km s−1 of the CCF (top right, blue line), both along with its Gaussian fit (orange line). The bottom panels are overplots of the observed (blue) and the synthetic spectrum (orange) for CD III (left) and CD V (right). The wavelength zones excluded from the CCF are shaded in grey.



4.2 Temperature, gravity, and metallicity
The main astrophysical parameters were obtained from a comparison with synthetic spectra. The comparison is done with the multi-parameter minimization program ParSES for a masked wavelength range. Like for the RVs, the selection mask identifies and removes wavelength regions from the minimization at the echelle order edges, of strong telluric contamination, and of spectral resonance lines with broad wings like Hα, Hβ, or the NaD lines. As a basis, we adopted the Gaia-ESO “clean” line list (Jofré et al. 2014, Heiter et al. 2021) with various mask widths around the line cores between ±0.05 to ±0.25 Å. The number of free parameters in ParSES is five (Teff, log ɡ, [M/H], υ sin i, ξt). Table A.1 lists the results for the pilot stars. We note that in this table a line entry without a JD date (or RV) comes from the combined spectrum built from the individual epochs. These are the values that should be used in case an average is desired.
The synthetic spectra are pre-computed and tabulated with metallicities between −2.5 dex and +0.5 dex of that of the Sun in steps of 0.5 dex, logarithmic gravities between 1.5 and 5 in steps of 0.5, and temperatures between 3500 K and 8000 K in steps of 250 K for a wavelength range of 3800–9200 Å. This grid is then used to compare with the selected wavelength regions ofour spectra. The model atmospheres are again those from MARCS (Gustafsson et al. 2008). Plane-parallel atmospheres are used for the dwarfs, and spherical atmospheres are used for the giants. The latter are available for a grid from 2800 K to 7000 K, log ɡ between 0.0 and 3.0, along with a micro turbulence between 2.0 and 5.0km s−1, but otherwise using the same metallicities as the plane-parallel atmospheres. Therefore, we restricted the application of spherical models to log ɡ ≥ 1.5 for 7000 ≤ Teff < 6000 K, and to log ɡ ≥ 0.5 for 6000 ≤ Teff < 2800 K.
Internal errors are given from the median rms of the fits to the various selected wavelength regions. These uncertainties are small: typically less than 50 K for Teff, 0.1 dex for log ɡ, and 0.05 dex for [M/H]. External errors are estimated from comparisons with benchmark stars (Jofré et al. 2018, list V2.1) and the Sun (see Strassmeier et al. 2018b). For the STELLA+SES spectra, the external errors for Teff are typically 70 K, for log ɡ typically 0.2 dex, and for [M/H] typically 0.1 dex. For the VATT+PEPSI spectra in this paper, the external errors are comparable, that is, 70 K for Teff, 0.15 dex for log ɡ and 0.1 dex for [M/H].
For a methodical systematics check, we compared the stellar parameters from the ParSES synthesis with the parameters from the EW method for the case when only the iron lines from the updated Gaia-ESO “clean” line list (Heiter et al. 2021) are used. We selected only lines with reliable atomic data, in particular, setting gf_flag = Y. We also selected lines with syn_flag = Y/U, which are not blended either in the Sun nor in Arcturus (Y) or which might be blended in one of the two (U). All the lines were carefully checked on the Sun and we discarded those which delivered anomalous abundances, that is, more than 0.3–0.4 dex off the scale of Asplund et al. (2021). We employed ARES v2 for EW measurements together with q2 to compute the stellar parameters in the standard way. Figure C.1 shows the differences synthesis-minus-EW for the STELLA+SES subsample (giants) and Fig. C.2 for the VATT+PEPSI subsample (mostly dwarfs). While we were able to analyze all the giants with the EW method, this was not the case for the dwarfs. We analyzed only those with υ sin i < 20 km s−1 and with S/N > 50 in order to avoid problems with heavy line blending and continuum setting. We found an excellent agreement between the two methods for the STELLA+SES subsample with systematic deviations always less than or approximately 1σ (Teff +18±63 K, log ɡ −0.05±0.13 dex, ξt − 0.11±0.12km s−1, [Fe/H] +0.07±0.06dex). The VATT+PEPSI subsample shows larger deviations, between 1σ and 3σ (Teff: −176±99 K, log ɡ: −0.35±0.28 dex, ξt: +0.12±0.12km s−1, and [Fe/H]: −0.28+0.10 dex). In order to re-check the impact of the line list, we created a separate line list consisting of 42 Fe I and 11 Fe II lines plus 25 Ti I and 10 Ti II lines (Ti lines also from Heiter et al. 2021). Its aim was to increase the number of spectral lines for the analysis given the limited wavelength range of the VATT+PEPSI spectra and to verify that ioniza-tion equilibrium had indeed been reached for these two abundant metals. We found that this was the case for practically all stars, both with the EW method and with ParSES. There are a few stars in the VATT+PEPSI sample for which equilibrium was not achieved but these were due to their large υ sin i and/or low S/N which limited the number of ionized lines reliably measured by ARES. Further tests on the adopted line lists and methods were made with the (full) PEPSI spectrum of the Sun and four Gaia benchmark stars with parameters similar to our stellar sample (18Sco, τ Cet, εEri and β Vir). There, the Fe+Ti line list causes only a slight overestimation of log ɡ for the Sun and the four benchmark dwarfs with respect to their literature values of always less than 0.1 dex, compared to the −0.34dex difference between synthetic-fit abundances and EW abundances for the VATT+PEPSI subsample with the iron-only line list. However, both analysis (synthesis and EW method) are robust on their own, in particular when the same line list is used. The remaining systematics can be explained with the limited wavelength range of the VATT+PEPSI spectra.
A cross check for instrumentally induced systematics is done with a set of ≈70 targets common to VATT+PEPSI and STELLA+SES. At this point, we recall the different spectral resolutions and wavelength coverage of the two subsamples (see Fig. 3a viz. Fig. 4a). Figure 6 shows the comparison for Teff, log ɡ, [M/H], and υ sin i, based on the ParSES and Jofré et al. (2014) line list. The overall rms in Teff, log ɡ, [M/H], and υ sin i are 70 K, 0.14 dex, 0.05 dex, and ≈1km s−1 (for υ sin i ≤ 50 km s−1), respectively.
The following systematics appeared: (1) a general offset in Teff of 70 K for Teff ≥ 6400 K with an increasing deviation of up to ≈300 K for targets with υ sin i ≥ 50 km s−1; (2) a general offset of 0.10 dex in log ɡ; (3) an increasing deviation of on average 0.08 dex for [M/H] ≤ −0.4 dex; and (4) an increasing deviation in υ sin i of up to 10 km s−1 for υ sin i ≥ 100 km s−1. The differences are always in the sense that SES values are larger, while the PEPSI values are smaller. However, for the vast majority of targets, the differences remain always in the range of 1σ, or sometimes even less, but with the higher the υ sin i value, the higher the difference. Together with the comparison with the Gaia benchmark stars, we conclude that the SES spectra usually overestimate Teff, [M/H] and υ sin i with respect to PEPSI, likely due to the lower spectral resolution, while PEPSI underestimates log ɡ, likely because of the lower number of available gravity-sensitive lines due to the smaller wavelength coverage and the overall lower S/N of the dwarf stars with respect to the giant stars. For the further analysis in this paper, we adopted a log ɡ correction of +0.10 dex for the ParSES VATT+PEPSI gravities and −70 K for the STELLA+SES temperature, but we will revisit this issue with the full sample in a forthcoming paper.
For an external systematics check, we compared the (uncor-rected) ParSES parameters with the corresponding values in Tautvaisiene et al. (2020), Ayres (2021), and the PASTEL catalog (Soubiran et al. 2016). Figure 7a-c summarizes the comparison. Our pilot sample has 14 stars (6 dwarfs, 8 giants) in common with Tautvaisiene et al. (2020) and 4 (3 dwarfs, 1 giant) with Ayres (2021); but with one of the four targets in Ayres (2021) being the SB2 binary HD 165700. Thirty-one of our pilot targets are also in the PASTEL catalog (10 dwarfs, 8 giants, and 13 without a gravity or metallicity determination). No info is listed for υ sin i in either of the above literature sources. The biases (average difference and rms) for the three atmospheric parameters from our sample are for Teff 44±59 K with respect to Tautvaisiene et al. (2020), 143±49K to Ayres (2021), and 85±113 K to PASTEL (excluding stars with υ sin i ≥ 25 km s−1), respectively. The biases for log ɡ are 0.18±0.18 dex with respect to Tautvaisiene et al. (2020) and 0.21±0.16 dex to PASTEL. Accordingly, the biases for [M/H] are 0.07±0.10 dex with respect to Tautvaisiene et al. (2020), and 0.13±0.14 dex to PASTEL. Ayres (2021) did not derive log ɡ and [M/H] on their own, but basically adopted PASTEL values. These biases are comparable to our estimated instrumental systematics, which are themselves comparable to our expected external errors per measurement.
Table 6 at the end of the paper is a summary of all the expected average uncertainties from this survey. Naturally, they can deviate significantly from star to star. We note that external errors in the form of random errors will be revisited again once the full data set from the survey has been analyzed.
	[image: thumbnail]	Fig. 6 Comparison of the ParSES parameters for a mixed stellar subsample observed with STELLA+SES and VATT+PEPSI. Panel a: effective temperature in Kelvin. Panel b: logarithmic gravity in cm s−2. Panel c: global metallicity relative to solar. Panel d: rotational line broadening υ sin i in km s−1. Dashed line is just a 45-degree line to guide the eye.



	[image: thumbnail]	Fig. 7 Biases of the ParSES output for the pilot sample with respect to PASTEL (Soubiran et al. 2016; circles) and Tautvaisiene et al. (2020), shown as pluses, both collectively labeled “others”. Panel a: effective temperature in Kelvin. Panel b: logarithmic gravity in cms−2. Panel c: global logarithmic metallicity relative to solar. Panel d: comparison between υ sin i results (inverse triangles) from the two independent methods ParSES and iSVD. The dashed line in each panel is again just a 45-degree line to guide the eye.



4.3 Rotation and micro- and macroturbulence
Our final value for the projected rotational line broadening, υ sin i, was measured from the SVD-averaged line profiles in conjunction with atmospheric turbulence broadening (Table A.2). The SVD-averaging has the advantage of returning a relatively blend-free spectral line in velocity space with superior S/N. Spectral lines are selected on the basis of residual intensity >0.2 and Landé factor >1.2. A total of 1242 lines were then available from the fixed-format STELLA+SES spectra and 193 from the VATT+PEPSI spectra. For the very rapid rotators, these selection criteria were not applied and then resulted in 843 lines for the PEPSI spectra. Micro turbulence, ξt, is a free parameter for the spectrum synthesis and is being initially solved for implicitly during the ParSES fit for Teff, log ɡ, and [M/H] and then kept fixed for the final fit. It is also used as a fixed parameter for the SVD-averaging. At this point, we note that the microturbulence grid of the MARCS plane-parallel models is available just for values of 1 km s−1 and 2 km s−1, while for the spherical model grid, it is available for 2 km s−1 and 5 km s−1.
Macro turbulence, ζRT, is assumed to be of a radial-tangential nature, with equally strong spatial components (Gray 2022). It contributes to the line broadening differently than the rotational Doppler broadening and can be de-convolved from the line profiles. In this respect, we followed the analysis of Valenti & Fischer (2005) and similar works in the literature. We emphasize that for slowly rotating inactive (cool) stars the rotational broadening and the macro-turbulence broadening are of comparable strength. Both values, υ sin i and ζRT, are listed along with their bootstrap errors in Table A.2. Figure 8 is an example of the application to a giant star from the STELLA+SES sample.
We emphasize that the SVD υ sin i values supersede the initial υ sin i values from ParSES in Table A.1 because they are more accurate. In general, the two values agree to within an expected range depending on its overall size and the impact of macro turbulence. Figure 7d shows a comparison of the υ sin i values from Table A.1 (ParSES) and A.2 (iSVD). We note that their respective errors are not directly comparable. The ParSES υ sin i errors are internal errors from the fit with synthetic spectra (for several wavelength chunks containing different number of lines). It is part of a larger error matrix driven by the error of and cross talk with the other free parameters. The SVD-averaged υ sini error is more what we define an external error and was based on a bootstrap procedure with 1000 re-samplings per spectral line. It represents the best estimate of the error for our υ sin i measurements. Its average for the pilot stars from the SES spectra is 0.48±0.05(rms)km s–1and from the PEPSI spectra, it is 1.1±0.2 km s–1. The latter value is larger because the PEPSI pilot sample contains 36% rapidly rotating F-type stars. We note that one target showed a dramatic difference between the ParSES and the SVD υ sin i value (HD 194298: ParSES 1.04km s–1 with an internal error of ±0.09; SVD 3.96±0.50 km s–1). It turned out that this target is also the target with the largest bisector span in our sample (–180 ± 28 ms–1; see Sect. 4.4) and also turned out to be a supergiant with log ɡ = 0.65.
	[image: thumbnail]	Fig. 8 iSVD fit for HR 6069 (G8 III). The dots comprise the observed mean line profile reconstructed from 1242 individual spectral lines. The line is the best fit with υ sin i = 3.0±0.4 km s–1, srt = 5.4±0.5 km s–1, and a bisector span of +56±31 km s–1. Error bars are from a bootstrap resampling procedure and represent a fair external error, but are smaller than the plotting symbol and cannot be seen by eye.



4.4 Granulation and convective blue shift
Observations of line bisectors have shown the presence of asymmetries which result from the up- and down-flows of convective granulation (Dravins et al. 1981; Gray 2022). By studying the asymmetries in different types of stars, for lines of different excitation potential and ionization stages (i.e., formed at different levels in the atmosphere), it is possible to quantify granulation in stars. Additionally, if RV variations are due to a planet, we would see no change in shape or orientation of the bisector in consecutive spectra. Another challenging task for our understanding and correction of planet-related Doppler shifts is the effect of a suppressed convective blue-shift in active surface regions (e.g., Bauer et al. 2018). It adds to the RV “noise” of a star and, together with magnetic activity in form of starspots or limits - it may even prevents detections of Earth-sized planets. Only recently have there been first attempts to measure convective blue-shifts in other stars more systematically (Meunier et al. 2017a,b).
Our survey deliverable is a bisector velocity span. This parameter is just a snapshot in time because we did not resolve rotational or pulsation modulation. Bisector velocity spans in this survey are derived from averaged line profiles only. Profile averaging is done with our iSVD method described in Sect. 3.3. We actually use the same average line profiles as for the υ sin i and macroturbulence measurement in Sect. 4.3. The velocity spans are determined following Queloz et al. (2001). Two points of the bisector at the top 1/3 and the bottom 1/3 of the line profile were selected and their respective radial velocity was measured (RVtop and RVbottom). The difference between the two is then the bisector velocity span BIS, given in m s–1 is:
[image: equation](2)
The bisector spans for the pilot targets are listed in Table A.2. Its error is the standard deviation from a bootstrap procedure with 1000 re-samplings per spectral line.
4.5 Mass and age
Stellar masses and ages are obtained from a comparison of the target position in the Hertzsprung–Russell (H–R) diagram with theoretical isochrones using APOFIS. The fit is carried out in two dimensions: temperature, Teff, and absolute brightness, MV. The value for Teff is taken from ParSES; MV is calculated from distance and extinction-corrected V-band photometry. We used V-band photometry from CDS/Simbad, supplementing missing values with measurements from the Guide Star Catalog 2.4.2 (Lasker et al. 2021) and the U.S. Naval Observatory Robotic Astrometric Telescope Catalog (Zacharias et al. 2015). We combined the results from ParSES with astrometric and photometric measurements to obtain additional stellar parameters. Stellar parallaxes were taken from Gaia EDR3 whenever available. Two of the stars of our pilot sample are not covered by EDR3 and for those, we used HIPPARCOS parallaxes instead. We assumed interstellar extinction according to the dust maps of Green et al. (2018); however, we emphasize that most of the stars in the present sample are nearer than 100 pc and, thus, the extinction is almost negligible.
We used the stellar evolution models from PARSEC4 (Bressan et al. 2012; Tang et al. 2014) and the newest generation of isochrones based on PARSEC (Marigo et al. 2017; Pastorelli et al. 2019). The PARSEC evolutionary models cover a large range of masses and metallicities (Chen et al. 2014), with special attention given to late-type dwarfs (Chen et al. 2015). For each sample star, we used a set of 353 isochrones covering 6.6 ≤ log t ≤ 10.12 with ∆ log t = 0.01 dex and the corresponding metallicity from ParSES. We first oversampled the isochrones by a factor of 50 and used 200 000 points for the error estimate. The PARSEC isochrones provide a rough estimate on the stellar evolutionary state noted as the “label” for each point in an isochrone. We find that this categorization provides a good constraint for the K-means clustering to disentangle solutions. The clustering is based on the parameters age, mass, and the above-mentioned label.
The result of the fitting process is displayed in Fig. 9 for the example target HD 145310. We show the two different possible solutions, along with their probability distributions in green and blue color. The most highly populated solution is selected as the best fit, while (for the time being) a pre-MS solution is omitted if another solution is possible. We emphasize that the errors quoted for mass and age are the fit errors and thus are internal errors. As panels j, k, l in Fig. 9 illustrate, better constrained CNO abundances will eventually allow a more physically motivated selection of the solution in the final data product. Just for comparison, we have included a calculation of the stellar luminosity L⋆ based on MV and a temperature-dependent bolometric correction (Flower 1996).
We recall that an isochrone fit fails if the star is an SB2 spectroscopic binary with light contributions from more than one component. It requires a prior disentangling of the stellar components, which is currently not included in this pilot study. Therefore, we omitted stars with combined spectra from the APOFIS fit. The SB1 binaries are treated as effectively single stars and for those, the results are to be taken with proper caution. Information on stellar multiplicity is either obtained from the literature or from our multi-epoch RVs, for example, stars are marked as binaries when they are listed as such in the Tycho-2 catalog (Høg et al. 2000). In the pilot sample, there was only one such star (ψ01 Dra A) because its spectrum was found recently to be contaminated by a close companion of mass ≈0.7 M⊙ (dubbed the C component; Gullikson et al. 2015). However, at the epoch of our observations, we do not see the C component in the RV cross correlation, although it was likely included in all of the mentioned photometry. We further omitted stars for which there is a large inconsistency between the ParSES results and photometry or the isochrones. We also omitted stars where very fast rotation (υ sin i ≥ 50 km s–1) causes large parameter uncertainties in the ParSES results. The stellar ages and masses from APOFIS are listed in Table A.3. We also list the stars without an APOFIS fit with a corresponding note, indicating the reason for it. The notations are explained in Table 3.
We compared our derived ages with the corresponding targets in Tautvaisiene et al. (2020). From the 14 stars in common, 7 have an age estimate provided here. We basically find that our results agree within the errors given. However, we arrive at slightly older ages (0.2–0.25 dex) for the dwarf stars. This spread may actually indicate the true (external) error for the ages in Table A.3. Both surveys utilize the PARSEC stellar models and the deviation of the dwarf-star ages likely originates from different stellar parameters. The culprits are primarily the stellar metallicities. Tautvaisiene et al. (2020) metallicities are generally higher than ours for the dwarfs in question, which leads to older ages for MS/PMS stars and younger ages for SGB stars. Age uncertainties are of similar magnitude in both studies though. Tautvaisiene et al. (2020) do not provide an estimate for mass or luminosity. Thus, we cannot investigate the impact of the different photometry chosen here and there. We note again that the final errors in our survey will be revisited once the full data set is analyzed.
	[image: thumbnail]	Fig. 9 Example result from APOFIS for HD 145310. APOFIS finds two possible solutions, indicated in green and blue. One is a red giant branch (RGB) star and the other is a core-He burning (CHeB) star. The adopted solution (CHeB) is in blue. Panels a and b show the probability distribution of the 200 000 sample points used as input parameter for Teff and MV, respectively. The H–R diagram in panel c shows the isochrone fits for the two solutions. Their colors match the corresponding distributions in the other panels. Panels d to k show the resulting distributions from the fit for selected isochrone parameters (d gravity; e luminosity; f age; ɡ mass; h evolutionary stage according to Table 3; i C abundance; j N abundance; and k O abundance). Dashed gray lines in the figures indicate the measured values. Dashed red line in panels f and g show the final mass and age from the isochrone fit, with the shaded areas indicating its error range.



Table 3 
Notations for the flags in Fig. 9 and Table A.3.

4.6 Chemical abundances of 27 different elements
We determine the abundances of the following elements: Li, C, N, O, Na I, Mg I, Al I, Si I, S I, K I, Ca I, Sc I and Sc II, Ti I and Ti II, V I, Cr I, Mn I, Fe I and Fe II, Co I, Ni I, Cu I, Zn I, Y II, Zr I and Zr II, Ba II, La II, Ce II, and Eu II. The abundances of Li, C, N, O were derived through spectral synthesis. Abundances of the remaining elements are obtained with the EW of carefully chosen spectral lines. Additionally, the carbon 12C/13C and the lithium 6Li/7Li isotopic ratios are measured. These are all elements that are important in many astrophysical fields. In particular, they are crucial for understanding the evolutionary status of stars (e.g., Chanamé et al. 2005), constraining stellar nucleosynthesis theories, and for studying the link between properties and frequency of exoplanetary systems and host stars (e.g., Adibekyan et al. 2012, 2021, Santos et al. 2013, Maldonado et al. 2019, Biazzo et al. 2022 and references therein).
4.6.1 C, N, and O abundances
The abundances of C, N, and O are of highest priority both to constrain stellar evolutionary status and for planetary formation models via the C/O ratios, see Brewer et al. (2017) and Delgado Mena et al. (2021). Therefore, accurately determining their abundances is of primary importance. We used spectral synthesis with different indicators of C, N, and O abundances depending on the evolutionary status of the star. The general methodology is that we first determine the C abundance. Once it has been fixed, we derived the N abundance. Finally, fixing C and N, we derived the O abundance.
Regarding C, it has been demonstrated that high-excitation atomic lines of C (and other elements) show increasing abundances for decreasing Teff both in giants and dwarf stars (Schuler et al. 2015; Baratella et al. 2020a; Maldonado et al. 2020; Delgado Mena et al. 2021, and Biazzo et al. 2022). This is also the case for our pilot sample stars, which show this peculiar pattern since they cover a large range of different temperatures. In particular, the analysis of the giant sample produced a ≈1 dex increase from 5100 K to 3900 K with an rms of 0.4 dex. In Baratella et al. (2020a) it has been shown also that the use of CH bands is a solid approach to derive reliable estimates of C abundances. For these reasons, we used the 12CH and 13CH molecular features around 4320 Å, adopting molecular parameters from Masseron et al. (2014) for the giant stars. Because the PEPSI data do not cover this wavelength range, we derived C from the C2 Swan line system at 5135 Å (molecular data from Ram et al. 2014 for the dwarfs).
Regarding N, there are no useful lines in the optical and the high-excitation lines at λ7468.3, 8216.3, and 8683.4 Å (all of them within CD VI in the PEPSI set-up and in the SES spectra) are extremely weak in dwarf stars and they are undetectable for stars with Teff < 5200 K. We therefore used the CN molecular bands at 4215 Å for the giants and at 7980–8005 Å for the dwarfs. The line lists for the 12C14N, 13C14N and 12C15N isotopes are taken from Sneden et al. (2014).
Finally, O abundances are derived from the [O I] forbidden line at 6300 Å, which is not affected by NLTE deviations (Caffau et al. 2008). We also investigated the NIR triplet lines at 7774 Å, which is covered by both instruments. The code q2 allows us to obtain NLTE-corrected abundances for the triplet, using the grid of NLTE corrections from Ramirez et al. (2007). However, our results for the giant stars of the pilot survey showed a positive trend with decreasing temperatures with an increase of 0.4 dex from 5000 to 4400 K. Most likely, this is related to the NLTE effects that strongly affect this triplet. On the contrary, the dwarf stars sample showed a trend that is less significant, but given the large range of temperatures, we discarded the NIR O triplet as a diagnostic for the time being – however, we will revisit the issue in a forthcoming paper. Nevertheless, a separate table in the appendix (Table A.6) lists the NLTE O-triplet abundances for comparison. We show [X/H] versus effective temperature for our pilot stars in Fig. C.3. For both giants and dwarfs, we then synthesized the forbidden line at 6300 Å, taking into account the known blend with the Ni line (Allende Prieto et al. 2001). The line lists and atomic data come from Caffau et al. (2008) and Johansson et al. (2003).
4.6.2 Light, α, iron-peak, and neutron-capture elements
As mentioned earlier in this paper, the abundances of the different elements were derived through their EWs measured with ARES, and then used in q2. First, a proper line list of non-blended and discernible lines from 4600–9000 Å was compiled using the VALD-3 database (Ryabchikova et al. 2015). This initial line list was then cross-matched with the most recent Gaia-ESO line list from Heiter et al. (2021) in order to select only lines with good quality atomic data in the same way as described in Sect. 4.2. For Sc, V, Mn, Co, Cu, La, and Eu, we considered the HFS details from the same list. We also searched the NIST database (Kramida et al. 2019) for atomic data on those lines not covered by the Gaia-ESO list. After this, we split them into two separate lists for analyzing the dwarf stars (mostly VATT+PEPSI spectra with smaller wavelength range but higher resolution) and the giant stars (mostly STELLA+SES spectra with larger wavelength ranges, but lower resolution).
First, we analyzed a deep PEPSI (R = 250 000) and a deep SES (R = 55 000) spectrum of the Sun-as-a-star in the same way as the target stars, meaning that the same wavelength ranges as for the survey stars are considered. In particular for the PEPSI solar spectrum, we selected only lines from the 4800–5400Å plus the 6280–9120 Å range. The adopted solar parameters are Teff = 5777 K, log ɡ = 4.44 dex, ξt = 1.0 km s–1 and [M/H]=0.0. In addition to this, for the giants line list, the spectrum of the evolved star EPIC211413402 of M67 (an open cluster with solar age and chemical composition; Liu et al. 2016) was scrutinized to check the reliability of the selected spectral lines. The combined line list is given in Table A.4, where we list the ion (Col. 1), the wavelength (Col. 2), the excitation potential χ (Col. 3), and the log gf (Col. 4), together with the EW measured from the PEPSI (Col. 5) and the SES (Col. 6) solar spectra. The spectral lines in Cols 5 and 6 are thus the actual ones used for the survey giants and the dwarfs, respectively.
Our PEPSI and SES solar abundances in Table 4 agree very well within the errors with each other and with Asplund et al. (2021). The median of the individual element standard deviation is 0.04 dex, except for O (6300 Å) and Cu from STELLA+SES, where it is ≈0.10dex. This confirms the consistency of the data and the basic EW measurement technique, despite the different instrumental setups. The low standard deviation also suggest that the quality of our abundances is mostly S/N-limited. Griffith et al. (2023) have used a sample of 89 metal-poor sub-giants observed with PEPSI, and analyzed for chemical elements very similar as in the present paper, concluding that there is a photon-noise standard deviation of < 0.05 dex in [X/H] for an average S/N of ≈200, which is comparable to the median S/N of the spectra in this paper.
A total of 284 and 295 spectral lines from 27 elements were considered for the PEPSI and SES spectra, respectively.
However, not all these lines were always measured, either due to a low-quality spectrum (low S/N or large υ sin i) or due to the stellar physical conditions (e.g., the Eu line becomes weaker as Teff increases, with an EW of 36 mÅ in EPIC211413402 and 5 mÅ in the Sun).
Stellar abundances are given relative to the usual log N(H) = 12.00 scale for hydrogen and also either relative to the Sun, [X/H], or in terms of absolute abundance, A(X):
[image: equation](3)
with
[image: equation](4)
To test the reliability and to estimate the systematics of the EW measurements obtained, we compared the values measured with four different packages: ARES v2, iSpec (Blanco-Cuaresma et al. 2014b), SPECTRE (updated version, Gregersen 2013), and splot from IRAF. We found insignificant differences for the selected lines; indeed, the ARES approach is the fastest and easiest to use. Therefore, we will use ARES for the whole survey. Rotational line broadening in excess of ≈20 km s–1 renders the measurements of EWs so uncertain, or sometimes impossible to measure, which we refrain from giving abundances for altogether nine pilot targets.
The LTE abundances are computed with the q2 code, employing both the abfind and blends MOOG drivers in an automatic way for those elements with or without HFS. The MARCS (Gustafsson et al. 2008) model atmospheres were selected for both samples. In this way, the spherical and the plane-parallel geometries are considered for the giant and dwarf stars. We adopted the stellar parameters (Teff, log g, [M/H], υ sin i, ξt) obtained from ParSES (Table A.1) for the model atmospheres. The final error for the abundances in Table A.5 is the quadratic sum of both EW scatter and uncertainties of the atmospheric parameters.
The distribution of the pilot sample of all the elements is shown in Fig. 10a, while in Fig. 10b we show the mean difference between Tautvaisiene et al. (2020) and our abundances. As it can be seen, some elements differ significantly between the two studies because of differences in technique and line lists adopted. The trends between individual [X/H] ratios, computed as [X/H] = log(X)⋆ – log(X)⊙, with the solar scale from Asplund et al. (2021) and the ParSES Teff, are shown in Figs. C.3a and C.3b for the dwarf and giant stars, respectively. It is clear from these plots that there are some significant trends with temperature, most notably for K I. These are most likely due to the line list through the presence of undetected blends in some lines, NLTE effects, or due to intrinsic limitations of the analysis of metal-rich or young stars (e.g., Baratella et al. 2020b, 2021, Carrera et al. 2022). For example, severe NLTE effects for the K I 7699 Å transition were found by Takeda et al. (2002), and recently refined by Reggiani et al. (2019) who also provided a grid of 1-D corrections. We applied the Reggiani et al. (2019) corrections to our LTE K abundances and present the NLTE K abundances for our pilot sample in the separate Table A.6. The differences LTE versus NLTE for the Sun and solar-type stars are large and amount to 0.3–0.4 dex in the sense that LTE abundances larger than the NLTE abundances. Other element abundances are also affected by NLTE deviations, but we will investigate these discrepancies in a forthcoming paper when all the survey targets have been analyzed.
Finally, we computed the a-element abundance of each star. As shown by Adibekyan et al. (2012), metal-poor host stars with small planets are enhanced in a-elements (Ne, Mg, Si, S, Ar, Ca, and Ti) with respect to metal-poor stars without known planets. To determine the α abundance, we averaged [Mg/H], [Si/H], [Ca/H], and [Ti/H] to obtain a relative value of [α/Fe] with respect to the Sun via
[image: equation](5)
For the solar term, we used the solar abundance from Asplund et al. (2021). The [α/Fe] values and its respective uncertainties are reported in the last column of Table A.5. Figure 11 plots the distribution of our pilot targets in the [α/Fe] versus [Fe/H] plane. For comparison, we also show the thin disk and the thick-disk α-depleted metal-rich and metal-poor domains from Lagarde et al. (2021).
Table 4 
Solar abundances from STELLA+SES and VATT+PEPSI Sun-as-a-star spectra.

4.6.3 Carbon isotope ratio
The carbon 12C/13C isotope ratio is measured whenever the line broadening allows to do so. The Turbospectrum package is employed under the assumption of LTE. We synthesize the CN line regions around 8003.5 Å (due to 12C14N) and 8004.7 Å (due to 13C14N) and fit them simultaneously to the data. Based on a four-dimensional grid of MARCS model atmospheres, characterized by Teff, log g, [Fe/H], and microturbulence ξt, a 6D grid of synthetic spectra covering the wavelength range 80018006 Å was calculated with Turbospectrum (V 19.1.2). The two additional parameters are the 12C/13C isotopic ratio and the correction of the nitrogen abundance, AA(N), relative to the scaled solar value (≈90 and A(N) = 7.83; Asplund et al. 2009). The strength of the CN lines is controlled by both A(C) and A(N). While the carbonabundance A(C) scales with[Fe/H], the parameter ∆A(N) is used to adjust the strength of the CN lines relative to that of the atomic metal lines. Figure 12 is a representative fit from the giant-star sample.
First tests were run with the line list of Carlberg et al. (2012), both for the CN and the atomic lines. We note that Carlberg et al. reduced the transition probabilities log gf of some important Fe I and Ti I lines by 0.2–0.6 dex relative to the ones given by the current VALD-3 data base to achieve reasonable fits at the appropriate [Fe/H]. We ran furthertests with anotherCNline list from B. Plez (priv. comm.) based on a paper by Hedrosa et al. (2013), withthe atomic lines unchangedrelative to Carlberg etal. (2012). We find that this line list gives mostly (but not always) better fits to the observed SES spectra.
A reference fit was also obtained for the extremely high S/N PEPSI spectrum of the Sun in order to verify the method and line list applied. The original spectrum had S/N ≈ 9250 per pixel but was heavily contaminated by telluric lines, making a determination of 12C/13C impossible. We thus first cleaned the spectrum by applying the telluric-fitting program TelFit (Gullikson et al. 2014), which removed the telluric lines but also reduced the S/N of the corrected spectrum to ≈1500 per pixel. Analyzing this solar spectrum in the same way as the stellar spectra, we find the formal result 12C/13C= 110±30, which is consistent with the accepted solar value (based on different spectral lines). We note that the solar CN lines are much weaker than in most of the stellar targets and the fits are relatively poor.
For a given target, the stellar parameters Teff, log g,ξt and v sin i remain fixed to the values in Table A.1 from the ParSES pipeline. The best fit to the observed spectrum is determined with the IDL procedure MPFIT (Markwardt 2009). The fit with the minimum χ2 is found by iteration, adjusting the five (or six) fitting parameters [Fe/H], ∆A(N), 12C/13C, υb, Δλ, and optionally Fc. Here υb is the full width half maximum (FWHM) in velocity space of a Gaussian line broadening kernel (representing instrumental broadening plus macroturbulence), Δλ is a global wavelength shift applied to the synthetic spectrum for compensating possible radial velocity shifts, and Fc is a scaling factor effecting a re-normalization of the local continuum. We point out that [Fe/H] is of low quality due to the somewhat arbitrary assignment of the log gf values, and A(C) and A(N) cannot be determined unambiguously from the CN lines alone. We therefore refrain from listing all six free parameters.
Eight different fits are obtained for each target. Two for a fitting range over which χ2 is evaluated of 8001.6–8005.9 Å and 8003.5–8005.9 Å, with the latter being similar to what was used by Sablowski et al. (2019). For each of these two runs, the continuum was either fixed or free, and the line list is either that taken from Carlberg et al. (2012) or from Plez (priv. comm.). The final 12C/13C results given in Table A.7 are simply the unweighted mean and standard deviation of the eight individual fitting runs. These should represent reasonable best estimates and internal uncertainties.
Our immediate result from the above analysis of the (pilot) evolved stars is that all 12C/13C isotopic ratios appear to be significantly lower than solar (≈90) with an average of ≈18 (range between 10–30). The pilot dwarf stars are comparably difficult if not impossible to measure, mostly because the CN lines are dramatically weaker than in the cooler giants. Additionally, the generally larger rotational line broadening combined with lower S/N due to being mostly fainter and observed at a higher spectral resolution, adds to this. The sum of these constrains led us to only two successful measures in the (pilot) dwarf star sample for which, however, one turned out to be an evolved star (HD 160605). The spectra of these two stars were also dehydrated as in the case of the solar spectrum and then analyzed in the same way again. However, the corrections for the telluric absorption turned out to be on the order of or less than 10% for the ratio (in contrast to the cleaned solar spectrum where the corrections made a difference). The cleaned spectra showed that the 12C/13C isotopic ratio appears significantly lower for HD 160605 (40±20) than for HD 175225 (99±39). While the latter is consistent with the solar value, the former may indicate that some dredge-up had already occurred in HD 160605, which appears plausible since this star’s low gravity (log g = 3.2) indicates that it had clearly evolved off the main sequence.
	[image: thumbnail]	Fig. 10 Elemental abundances. Panel a: individual abundances for the pilot stars in this survey (squares denote giants, triangles denote dwarfs). Panel b: comparison with stars and elements in common with the survey of Tautvaisiene et al. (2020).



	[image: thumbnail]	Fig. 11 Relative α-element abundance [α/Fe] versus iron abundance [Fe/H] for the pilot sample. Symbols are the observations as identified in the insert. The dashed lines mark the separations of the stellar populations from the APOGEE survey (Lagarde et al. 2021) for thin disk stars and thick disk high-a metal-poor (hamp) and high-α metal-rich (hamr) stars.



	[image: thumbnail]	Fig. 12 TurboMPfit for the 8000-Å CN region of HR 5844. Diamond symbols are the observed spectrum and the lines are fits with three different 12C/13C isotope ratios, using the CN line list of Plez. Fixed parameters were (Teff, log g, ξt, υ sin i) = (4296, 1.54, 2.00, 4.53) in the usual units. The best average from eight fits is 12C/13C = 17.8 using a relative nitrogen abundance ∆A(N) of 0.50±0.05 and a relative iron abundance of –0.25±0.03 (the best fit shown in the plot is with a slightly different isotope ratio). A total of 41 pixels were fitted to a χ2 of 575. Average S/N per pixel in this wavelength range is 400.



4.6.4 Lithium
Another important element is lithium. Figures 3b and 4b show the wavelength region around the lithium doublet at 6708 Å for the pilot stars. In the Sun, the photospheric lithium has been largely depleted as a result of thermonuclear reactions occurring during stellar evolution. Its total abundance is more than hundred times smaller than the meteoritic value, with the more fragile 6Li isotope being completely destroyed. An unambiguous detection of this fragile isotope in an atmosphere of a cool star would possibly be an indication of an external pollution process by planetary matter (Israelian et al. 2001, 2003; Mott et al. 2017). We provide the total lithium abundance A(Li) as defined in Eq. (6) and the 6Li/7Li isotopic ratio whenever possible:
[image: equation](6)
Lithium abundances were only determined from synthetic fits based on 1D model atmospheres under LTE. The same subset of the MARCS model atmospheres available for ParSES is used for the synthetic spectra for the lithium region. A total of 200 spectra are synthesized per model atmosphere covering 20 Li abundances and five isotope ratios (each for two values for the microturbulence) and thus cover a 6D parameter space including Teff, log g, [Fe/H], and microturbulence. The synthesized wavelength range is 6706-6709 Å. As line list we adopted the list from Strassmeier & Steffen (2022), which is based on Meléndez et al. (2012), except for the Li doublet with isotopic hyperfine components and now also includes the broadening constants (for a comparison with other Li line lists see Mott et al. 2017). 3D NLTE corrections are available for the dwarf stars (Mott et al. 2020, Harutyunyan et al. 2018) and are listed in our tables but are not applied. The fitting procedure with TurboMPfit involves the continuum level and a global wavelength shift as free parameters if needed. One example fit for one of our pilot stars, HD 175225 (G9), is shown in Fig. 13. A reference fit was also obtained for a spectrum of the Sun, which verified the method applied (see Strassmeier et al. 2018a).
Table A.7 summarizes the Li results for the pilot stars. The only dwarf stars for which the best fit required 6Li were HD 142006 and HD 155859. Their isotopic ratios are 6.7±0.8%, and 1.8±0.7%, respectively, both with similarly high Li abundance of A(Li) ≈ 2.2. Because these measurements are difficult and the fits involve many free parameters, we consider only the 8-σ detection for HD 142006 a significant result and discard the detection for HD 155859. Most stars in the giant sample show no or very little Li, but there are exceptions with strong 7Li lines such as those in HD 144903 and HD 149843. No formal detection of 6Li in the giant-star sample is seen. We note that if we allow TurboMPfit to alter the continuum level, as well as to shift the spectrum in wavelength, we obtain sometimes larger best-fit isotope ratios with practically the same error but with a significantly larger ratio. This also indicates that the fitting error is not necessarily indicative for the isotope ratio error.
	[image: thumbnail]	Fig. 13 TurboMPfit for the lithium region of HD 175225. Fixed parameters were (Teff, log g, [M/H], ξt, υ sin i) = (5180, 3.52, 0.0, 1.0, 2.0) in the usual units. The best (average) fit was achieved with A (Li) of 1.22±0.03, an isotope ratio of 0.00±0.00, and a relative iron abundance of 0.20±0.04. A total of 131 pixels were fitted to a χ2 of 236. Average S/N per pixel in this wavelength range is 311. The residuals in the plot are enhanced by a factor five for better visibility.



	[image: thumbnail]	Fig. 14 Absolute emission line surface fluxes for the pilot sample. Panel a: Balmer Ha line-core flux vs. B – V. Panel b: summed Ca II IRT line-core flux vs. B – V. Panel c: flux–flux relation for Balmer Hα vs. Call IRT-3. Dashed line is the 1:1 relation. Red dots are from STELLA+SES spectra, blue dots from VATT+PEPSI spectra.



4.7 Magnetic activity proxies
We measured the absolute line-core flux in Balmer Ha (at 6563 Å in PEPSI CD V), and the Ca II infrared triplet (at 8498, 8542 and 8662 Å in CD VI, dubbed IRT-1, IRT-2, and IRT-3, respectively). For Hβ (4861Å in CD III), we give only an equivalent width and its ratio to Hα because we lack a proper absolute flux calibration for this line region. The SES data also cover Ca II H&K at 3950 Å but only with very low S/N. We do not use it in the analysis but provide the full wavelength coverage of the reduced data. Relative fluxes are converted to absolute fluxes according to the procedures below. Figure 14 shows the measured absolute emission-line fluxes for the pilot sample as a function of B – V color as well as an example of a typical flux-flux relation (Hα vs. CaII IRT-3).
Single-lined (SB1) binary spectra are treated just like single stars, which have continua presumably unaffected by the companion. The few double-lined (SB2) spectra were first multiplied by the respective photospheric light ratio. It is obtained from the depths of photospheric absorption-line pairs near above respective wavelengths. The resulting fluxes for SB2’s are generally less precise because the available S/N in the continuum is distributed among the two components.
4.7.1 Balmer Hα line-core flux
The stellar surface Hα-core flux in erg cm–2 s–1 is computed from the measured 1-Å equivalent width, Wcore, under the spectrum and zero intensity,
[image: equation](7)
and is related to the expected absolute continuum flux, ℱc, at these wavelengths. The continuum flux is obtained from the relations provided by Hall (1996) for various stellar luminosity classes and a color ranges. The relations used in this paper are as follows:
[image: equation](8)
for MKI-V and 0 < (B – V) < 1.4;
[image: equation](9)
for MK V and 0 < (V – R) < 1.4; and
[image: equation](10)
for MK I–IV and 0 < (V – R) < 1.8.
Rotational line broadening is accounted for by applying a similar correction to Wcore as done by Strassmeier et al. (2012). However, the line-core fluxes are not corrected for photospheric light. Based on the discussion in Strassmeier et al. (2012), we refrained from a photospheric correction and give combined photospheric plus chromospheric fluxes as observed. The largest contribution to the flux error is due to the continuum-flux calibration and comes from systematic differences in the Teff–color relations and the error in Teff. Our prime choice for ℱc is based on a measured B – V color from the Tycho-2 catalog (Høg et al. 2000) rather than V – R. It gives the lowest residuals in our pilot sample with a rms of 0.45 in units of 105 erg cm–2 s–1.
4.7.2 Ca II IRT line-core fluxes
As above, we integrate the central 1-Å portion of each Ca II IRT line profile (Figs. 3c and 4c). This relative flux, or equivalent width, is again related to the absolute continuum flux, ℱc, obtained from relations provided by Hall (1996). The relations used here are:
[image: equation](11)
for luminosity class I-V and –0.1 < (B – V) < 0.22, and
[image: equation](12)
for luminosity class I–V and 0.22 < (B – V) < 1.4. The original relations were obtained from calibrations for a temperature range of 4000–7800 K, basically covering all our survey targets.
As for Hα, the effect of rotational line broadening on the emission-line fluxes is usually negligible for stars with υ sin i < 10 km s–1 from spectra with a spectral resolution of up to, say, 50 000. However, as discussed in Strassmeier et al. (2012), the IRT-flux correction amounts to 30% for a rapidly rotating (cool) star with υ sin i = 60 km s–1. Because of our high spectral resolution, we employ the υ sin i correction suggested by Strassmeier et al. (2012) consistently to all three IRT lines (for the R = 200 000 PEPSI spectra as well as for the R = 55 000 SES spectra). We again refrained from a photospheric line-core correction though.
The total radiative loss in the IRT lines, RIRT, is determined from the sum of the corrected fluxes from all three IRT lines in units of the stellar bolometric luminosity. It is a good indicator of the star’s overall chromospheric activity:
[image: equation](13)
Table A.8 summarizes the results for the pilot stars. Errors for RIRT are driven by the error for Teff and are not explicitly listed in the table but are on the order of 20%.
Table 5 
Observing log for the survey.

5 Initial data release
Table 5 is the observing log for the full sample. It is available in its entirety only in electronic form via CDS Strasbourg. It lists all individual observations for all 1067 targets, including the pilot stars analyzed in this paper. We note that the dwarf sample included targets on both telescope+spectrograph combinations, while the giants were predominantly only on STELLA+SES. The table lists 12 columns. Column (1) is the FITS file name; (2) the main target identifier; (3) the target coordinates right-ascension (RA) and declination (DEC) in equinox 2000.0 with increasing target RA; (4) the visual V magnitude; (5) the sample pre-selection (dwarf or giant) as indicated above; (6) the UT date of observation; (7) the UT time of observation of mid exposure; (8) the exposure time; (9) the S/N per pixel. For SES it is the averaged value around Hα, for PEPSI it is the quantile 95% over the entire wavelength range per cross disperser; (10) the barycentric Julian Date of mid exposure; (11) the telescope-spectrograph combination; and (12) the identification of the two cross dispersers for a PEPSI entry.
The final, reduced, and 1D, spectra will be made available through CDS Strasbourg. For the current (initial) data release, we employed the reduction packages SDS4PEPSI in its version 2.0 for PEPSI spectra, and SESDR in its version 4.0 for SES spectra. Future data releases (if forthcoming) will employ higher versions of the DR packages. The pilot-star spectra from this paper are included in the full sample.
6 Summary and conclusions
In this work, we introduce a new high-resolution spectroscopic survey of bright stars surrounding the northern ecliptic pole, which we named the VPNEP survey. The VATT and STELLA telescopes in Arizona and Tenerife were employed. VATT was used with a 450-m fiber link to the LBT spectrograph PEPSI and obtained two R = 200 000 spectra of the (bona-fide) dwarf stars in the NEP field. The giant stars in this field were observed, usually three times, with the robotic STELLA facility in Tenerife at R = 55 000. Seventy stars were observed with both telescope-spectrograph combinations. The present paper summarizes the entire survey target sample and our analysis tools but presents only an initial analysis from a pilot survey of 54 stars observed in 2017 (27 dwarfs and 27 giants). Among the deliverables are the stellar astrophysical parameters Teff, log g, [M/H], υ sin i, micro- and macroturbulence, bisector velocity span, convec-tive blue shift (when possible), chemical abundances, mass, and age. Chemical abundances are currently derived for 27 elements, among them lithium, many α elements, and CNO. Isotope ratios for lithium and carbon are derived in favorable cases. Proxy magnetic activity parameters are given in form of absolute emission-line fluxes and radiative losses for the Ca II IRT, Ha, and Hβ lines. Our current dwarf-star pilot sample of 27 targets contains 2 SB2 and 3 SB1 spectroscopic binaries, while the giant-star pilot sample (of also 27 targets) had no SB2s but 4 SB1s. The total number of targets of the full survey is 1067 stars. Forthcoming papers in this series will focus on the analysis of particular astrophysical parameters but for the full sample.
Table 6 offers a summary of the expected uncertainties of the prime astrophysical parameters. These values are derived from the 54-star pilot sample and are representative for the respective instrumental telescope-spectrograph combination but are biased because the two sub-samples contained mostly either dwarfs (VATT+PEPSI) or giants (STELLA+SES). These data serve as a preliminary quality estimate and will be revised once the full sample of spectra has been analyzed.
The results from the pilot survey can be summarized as follows:

	Our spectra have an average S/N per pixel of ≈ 200 but range between 40 and 870 depending on target brightness.


	A RV zero-point offset between STELLA+SES and VATT+PEPSI of 0.395±0.21 km s–1 was established.


	For the STELLA+SES spectra external errors per measurement for Teff are typically 70 K, for log g typically 0.2 dex, and for [M/H] typically 0.1 dex. For the VATT+PEPSI spectra the external errors are comparable, that is 70 K for Teff, 0.15 dex for log g, and 0.1 dex for [M/H].


	Ensemble bias (rms) for Teff, log g, [M/H], and υ sin i are 70 K, 0.14 dex, 0.05 dex, and ≈ 1 km s–1.


	Systematic errors exist but are small and remain on the order of the ensemble 1σ; deviations between VATT+PEPSI and STELLA+SES for Teff, log g, [M/H], and υ sin i are 70 K, 0.10 dex, 0.08 dex, and ≈ 1 km s–1 in the sense SES minus PEPSI.


	Rotational line broadening υ sin i ranges between 1.1±0.8 km s–1 for HD 142006 and HD 135143, and 185±16km s–1 for VXUMi.


	Radial-tangential macro turbulence ranges between 1.8±0.7 km s–1 for HD175225 and 5.5±0.5 for HD148374.


	Bisector spans were measured between –559±189 ms–1 for HD139797 and +185±89ms–1 for HD160052. In one case the bisector severely affects the υ sin i measurement (HD194298).


	Stellar masses range from 0.86 up to 3.0 M⊙, and ages range between 0.4 and 12 Gyr. Errors basically reflect the errors of Teff and MV and do not take into account model uncertainties.


	Solar chemical abundances from SES and PEPSI spectra agree very well with Asplund et al. (2021). The median standard deviation is 0.0 dex for all elements but O and Cu (median rms 0.10) in [X/H]. The solar iron abundance from the deep PEPSI spectrum of A(Fe) = 7.46±0.01 is even four times more precise than in Asplund et al. (2021). No Li abundance was obtained for the solar spectra.


	Stellar chemical abundances are given for up to 27 elements; Li, C, N, O, Na, Mg, Al, Si, S, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Y, Zr, Ba, La, Ce, and Eu, with individual-element errors usually better than 0.10 dex.


	α-element abundances relative to iron range from -0.03 to +0.31 dex for the giant-star sub-sample, and from +0.02 to +0.21 dex for the dwarf-star sub-sample with typical errors of +0.05 dex.


	Absolute lithium abundances range from –0.87+0.13 dex for HD 151698 to +2.74+0.01 for ψ01 DraB.


	Carbon 12C/13C isotope ratios of the bona-fide giant stars appear to be significantly lower than solar (≈90) with an average of ≈18. Besides the Sun, only two other stars in the pilot dwarf sample had a detectable 12C/13C ratio; HD 175225 (99±39) and HD 160605 (40±20).


	A significant (and believable) non-zero 6Li/7Li isotope ratio was detected only in one star; HD 142006 (6.7±0.8%).


	Relations of absolute-emission line fluxes with B – V and their respective flux-flux distribution verify the spectral lines used as magnetic surface-activity proxies.



Table 6 
Average uncertainties based on the pilot-star sample.
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Appendix A  Detailed tables
Table A.1 
Results from the ParSES analysis: RV radial velocity; Teff effective temperature; log ɡ logarithmic gravity; [M/H] metallicity; ξt micro turbulence; υ sin i projected rotational broadening; and CD cross disperser for PEPSI observations.

Table A.2 
Surface velocities from iSVD line profiles: nlines number of spectral lines used; v sin i projected rotational velocity; ζRT radial-tangential macro turbulence; BIS = RVtop – RVbottom bisector velocity span.

Table A.3 
Masses and ages: M★ stellar mass; log t age; “label” evolutionary status.

Table A.4 
Spectral line list: ion, λ central wavelength, χ excitation potential, log ɡf transition probability, EW equivalent widths measured from the PEPSI solar spectrum (D), and the SES solar spectrum (G).

Table A.5 
LTE chemical abundances A(X) of the pilot stars.

Table A.6 
Oxygen and potassium NLTE abundances (A(O) logarithmic O abundance from the NIR triplet; error for A(O); A(K) logarithmic K abundance from the 7699 Å line; error for A(K)).

Table A.7 
Li abundance and Li and C isotope ratios: Li logarithmic 1D LTE Li abundance; 6Li/7Li lithium isotope ratio; ΔLi Li 3D NLTE correction; and 12C/13C carbon isotope ratio.

Table A.8 
Absolute emission line fluxes (W(Hβ) Hβ equivalent width; W(Hi)/W(Hα) ratio of equivalent widths; ℱHα absolute emission-line flux in Ha; ℱIRT absolute emission-line fluxes for the three IRT lines IRT-1 (8498 Å), IRT-2 (8542 Å), and IRT-3 (8662 Å), respectively; log RIRT logarithmic total radiative loss in the Ca II infrared triplet lines).


Appendix B  Individual notes
B.1 VATT+PEPSI pilot subsample
There are two double-lined spectroscopic binaries (SB2) in this subsample.
BY Dra (HD 234677). Prototype of BY-Dra spotted variables. It is SB2; Hα and Ca II IRT core emission from primary and secondary, Li absorption from primary. Strong potassium line K I 7699-Å from both components. Weak O I triplet.
HD 135119. Very broad lines. No K I line detected.
HD 135143. Li detected. Weak [O I] 6300 Å line.
HD 138916. Very broad lines. No K I line detected. Large telluric contamination.
HD 139797. Li detected.
HD 140341. Very broad lines. No K I line detected.
HD 142006. Li with 6Li line detected.
HD 142089. Li detected.
HD 144061. Li detected.
HD 145710. Very broad lines.
HD 150826. Broad lines.
HD 155859. Li with possible 6Li line detected.
HD 160052. Li detected.
HD 160076. Broad lines.
HD 160605. Weak O I 7774-Å triplet. 12C/13C ratio detected from CN. The star is actually a giant.
HD 161897. APOFIS finds it as a PMS star, but no Li is detected.
HD 162524. Strong Li. Ca II IRT core emission.
HD 165700. SB2. Li and K-line absorption from both components.
HD 175225. Li detected. 12C/13C ratio detected from CN. The star is actually a giant.
HD 176841. Li detected.
HD 180005. Very broad lines. No K I line detected.
HD 180712. Li detected.
HD 192438. Very broad lines.
HD 199019. Li detected. Red-shifted night-sky K I line present.
VX UMi (HD 155154). Very broad lines. No K I line detected.
ψ01 Dra A (HD 162003). Li detected. 12C/13C ratio undetected from CN.
ψ01 Dra B (HD 162004). Li detected. 12C/13C ratio undetected.
A Jupiter-sized planet candidate was announced by Endl et al. (2016).
B.2 STELLA+SES pilot subsample
No SB2 in this subsample. All (giant) stars show a strong K I 7699-Å line in our spectra.
11 UMi (HD 136726). No significant Li line detected, small rotational broadening.
HD 136919.
HD 138020. K I 7699-Å blended with terrestrial O2 doublet. Its large distance and low gravity suggest a supergiant.
20 UMi (HD147142).
HD 138116. Weak Li.
HD 143641. Both NaD lines have a blue-shifted, sharp, ISM line of comparable strength, while K I 7699-Å appears predominantly single with only a weak blue-shifted component.
HD 142961. Weak Li.
HD 150275.
HD 151698. Both Na D lines appear with a red-shifted, sharp, ISM line of approximately half of its strength. No sign of ISM-related duplicity in K I 7699-Å.
HD 155153. Li detected.
HR 6069 (HD 146603).
HR 6180 (HD150010).
HD 145310.
HD 144903. Moderately strong Li detected.
HD 148374. Li detected.
HD 150142. Very weak Li abundance.
HD 147764. Li detected.
υ Dra (HD176524).
HD 148978. Li detected.
HD 149843. Strong Li line.
HD 137292. Li detected. The spectrum synthesis suggests a super-solar metallicity of +0.19 dex.
HD 138852. Smallest 12C/13C ratio in our giant sample.
HD 145742.
HR 5844 (HD 140227). Most rapidly rotating giant in our pilot sample (υ sin i ≈ 5 km s−1).
HD 138301. Both NaD lines appear with a red-shifted, sharp, ISM blend of less than half of its strength. A very weak red-shifted blend is may be seen in K I 7699 Å, not in K I 7664Å though.
ε Dra A (HD 188119). The spectrum is single lined in agreement with previous high-resolution spectra (e.g., McWilliam 1990). The star was included in the visual double star classification catalog of Lutz & Lutz (1977) as G8 III for component A, and K5 III for component B, but no photometry was derived. Simbad lists F7 III for the B component. AB separation is 3.1′′. Our spectrum is for the brighter A component.
HD 194298. Li detected. Only very weak O I triplet detected but a strong line within the O I triplet is seen at 7774 Å. The cool temperature and low gravity suggest a bright giant classification rather than a normal class III. It also exhibits the largest bisector span in our sample which explains the discrepant υ sin i measurements. The spectrum appears comparably metal deficient (−0.44 ± 0.16 dex).

Appendix C  Extra figures
	[image: thumbnail]	Fig. C.1 Comparison of results from the ParSES spectrum synthesis and the EW method (EW) for the STELLA+SES giant-star pilot sample. The four panels show, from top left to bottom right, effective temperature (Teff), logarithmic gravity (log g), microturbulence (ξ), and logarithmic metallicity ([Fe/H]). The respective thick red line in each panel represents the mean difference and its ±1σ values (dashed red lines) also given numerically in the top of each panel. The black dashed line is the zero difference line. The dots are the individual target results with their ± 1σ error bars. See text for details.



	[image: thumbnail]	Fig. C.2 Comparison between spectral synthesis and EW-method results for the VATT+PEPSI dwarf-star pilot sample. Only stars with υ sin i < 20 km s−1 were used for this comparison. Also note that there are five giants within this sample. Otherwise, the details are the same as in Fig. C.1.



	[image: thumbnail]	Fig. C.3 Logarithmic LTE elemental abundances, [X/H], as a function of effective temperature. Only pilot stars with υ sin i < 20 km s−1 were used for this check. Panel a: Dwarf stars observed with VATT+PEPSI. Panel b: Giant stars observed with STELLA+SES. Each sub-panel lists the r, p-values from a linear regression fit.
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All Figures
	[image: thumbnail]	Fig. 1 Color-magnitude diagram of the NEP stars in this survey. The evolutionary tracks are the Basti tracks from Pietrinferni et al. (2004) and are intended only for the purposes of orientation. The arbitrary sample cut-off was set at B – V of 0m.3. The most luminous targets in the respective two samples are ψ02 Dra (F2III, in the VATT sample) and β Dra (G2Ib-IIa, in the STELLA sample).
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	[image: thumbnail]	Fig. 2 Stellar parameters of the target sample. The three panels show the number of stars observed as a function of selection parameter. Panel a shows the apparent visual brightness, panel b shows the absolute visual brightness based on the Gaia EDR3 parallax, and panel c shows the B – V color from the Tycho catalog. Total sample of the full survey is 1067 stars cooler than spectral type F0.
In the text



	[image: thumbnail]	Fig. 3 Pilot-survey spectra for the dwarf-star sample observed with VATT and PEPSI at R ≈200 000. The respective x-axes are wavelength in Angstroem. Panel a shows the available wavelength coverage with cross dispersers III (4800–5440 Å), V (6280–7410 Å), and VI (7410–9120 Å). Panel b shows sample stars for a wavelength window around the Li I 6707.8-Å line. Panel c shows the same stars but for a wavelength window around the core of the chromospheric Ca II IRT λ18498-Å line. We note that all stars with lines shifted with respect to the laboratory wavelength appear to be spectroscopic binaries. We also note the large line broadening for some of the targets.
In the text



	[image: thumbnail]	Fig. 4 Pilot-survey spectra for the giant-star sample observed with STELLA and SES at R = 55 000. Otherwise, the details are the same as in Fig. 3.
In the text



	[image: thumbnail]	Fig. 5 Radial velocities from PEPSI spectra. Shown is the CCF (top panels) and the wavelength coverage for one target for one visit (bottom panels). The target is the double-lined spectroscopic binary BY Dra. Panels show the full CCF with pixels binned by a factor five (top left, blue line) and the unbinned central 180 km s−1 of the CCF (top right, blue line), both along with its Gaussian fit (orange line). The bottom panels are overplots of the observed (blue) and the synthetic spectrum (orange) for CD III (left) and CD V (right). The wavelength zones excluded from the CCF are shaded in grey.
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	[image: thumbnail]	Fig. 6 Comparison of the ParSES parameters for a mixed stellar subsample observed with STELLA+SES and VATT+PEPSI. Panel a: effective temperature in Kelvin. Panel b: logarithmic gravity in cm s−2. Panel c: global metallicity relative to solar. Panel d: rotational line broadening υ sin i in km s−1. Dashed line is just a 45-degree line to guide the eye.
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	[image: thumbnail]	Fig. 7 Biases of the ParSES output for the pilot sample with respect to PASTEL (Soubiran et al. 2016; circles) and Tautvaisiene et al. (2020), shown as pluses, both collectively labeled “others”. Panel a: effective temperature in Kelvin. Panel b: logarithmic gravity in cms−2. Panel c: global logarithmic metallicity relative to solar. Panel d: comparison between υ sin i results (inverse triangles) from the two independent methods ParSES and iSVD. The dashed line in each panel is again just a 45-degree line to guide the eye.
In the text



	[image: thumbnail]	Fig. 8 iSVD fit for HR 6069 (G8 III). The dots comprise the observed mean line profile reconstructed from 1242 individual spectral lines. The line is the best fit with υ sin i = 3.0±0.4 km s–1, srt = 5.4±0.5 km s–1, and a bisector span of +56±31 km s–1. Error bars are from a bootstrap resampling procedure and represent a fair external error, but are smaller than the plotting symbol and cannot be seen by eye.
In the text



	[image: thumbnail]	Fig. 9 Example result from APOFIS for HD 145310. APOFIS finds two possible solutions, indicated in green and blue. One is a red giant branch (RGB) star and the other is a core-He burning (CHeB) star. The adopted solution (CHeB) is in blue. Panels a and b show the probability distribution of the 200 000 sample points used as input parameter for Teff and MV, respectively. The H–R diagram in panel c shows the isochrone fits for the two solutions. Their colors match the corresponding distributions in the other panels. Panels d to k show the resulting distributions from the fit for selected isochrone parameters (d gravity; e luminosity; f age; ɡ mass; h evolutionary stage according to Table 3; i C abundance; j N abundance; and k O abundance). Dashed gray lines in the figures indicate the measured values. Dashed red line in panels f and g show the final mass and age from the isochrone fit, with the shaded areas indicating its error range.
In the text



	[image: thumbnail]	Fig. 10 Elemental abundances. Panel a: individual abundances for the pilot stars in this survey (squares denote giants, triangles denote dwarfs). Panel b: comparison with stars and elements in common with the survey of Tautvaisiene et al. (2020).
In the text



	[image: thumbnail]	Fig. 11 Relative α-element abundance [α/Fe] versus iron abundance [Fe/H] for the pilot sample. Symbols are the observations as identified in the insert. The dashed lines mark the separations of the stellar populations from the APOGEE survey (Lagarde et al. 2021) for thin disk stars and thick disk high-a metal-poor (hamp) and high-α metal-rich (hamr) stars.
In the text



	[image: thumbnail]	Fig. 12 TurboMPfit for the 8000-Å CN region of HR 5844. Diamond symbols are the observed spectrum and the lines are fits with three different 12C/13C isotope ratios, using the CN line list of Plez. Fixed parameters were (Teff, log g, ξt, υ sin i) = (4296, 1.54, 2.00, 4.53) in the usual units. The best average from eight fits is 12C/13C = 17.8 using a relative nitrogen abundance ∆A(N) of 0.50±0.05 and a relative iron abundance of –0.25±0.03 (the best fit shown in the plot is with a slightly different isotope ratio). A total of 41 pixels were fitted to a χ2 of 575. Average S/N per pixel in this wavelength range is 400.
In the text



	[image: thumbnail]	Fig. 13 TurboMPfit for the lithium region of HD 175225. Fixed parameters were (Teff, log g, [M/H], ξt, υ sin i) = (5180, 3.52, 0.0, 1.0, 2.0) in the usual units. The best (average) fit was achieved with A (Li) of 1.22±0.03, an isotope ratio of 0.00±0.00, and a relative iron abundance of 0.20±0.04. A total of 131 pixels were fitted to a χ2 of 236. Average S/N per pixel in this wavelength range is 311. The residuals in the plot are enhanced by a factor five for better visibility.
In the text



	[image: thumbnail]	Fig. 14 Absolute emission line surface fluxes for the pilot sample. Panel a: Balmer Ha line-core flux vs. B – V. Panel b: summed Ca II IRT line-core flux vs. B – V. Panel c: flux–flux relation for Balmer Hα vs. Call IRT-3. Dashed line is the 1:1 relation. Red dots are from STELLA+SES spectra, blue dots from VATT+PEPSI spectra.
In the text



	[image: thumbnail]	Fig. C.1 Comparison of results from the ParSES spectrum synthesis and the EW method (EW) for the STELLA+SES giant-star pilot sample. The four panels show, from top left to bottom right, effective temperature (Teff), logarithmic gravity (log g), microturbulence (ξ), and logarithmic metallicity ([Fe/H]). The respective thick red line in each panel represents the mean difference and its ±1σ values (dashed red lines) also given numerically in the top of each panel. The black dashed line is the zero difference line. The dots are the individual target results with their ± 1σ error bars. See text for details.
In the text



	[image: thumbnail]	Fig. C.2 Comparison between spectral synthesis and EW-method results for the VATT+PEPSI dwarf-star pilot sample. Only stars with υ sin i < 20 km s−1 were used for this comparison. Also note that there are five giants within this sample. Otherwise, the details are the same as in Fig. C.1.
In the text



	[image: thumbnail]	Fig. C.3 Logarithmic LTE elemental abundances, [X/H], as a function of effective temperature. Only pilot stars with υ sin i < 20 km s−1 were used for this check. Panel a: Dwarf stars observed with VATT+PEPSI. Panel b: Giant stars observed with STELLA+SES. Each sub-panel lists the r, p-values from a linear regression fit.
In the text





    
      Table 2 

      Pilot sample observed with STELLA+SES.

      
        


	Star
	B
	V
	Sp. type
	d



	
	(mag)
	
	(pc)





	11 UMi
	6.38
	5.01
	K4III
	126.2±1.4



	HD 136919
	7.71
	6.68
	K0
	101.81±0.16



	HD 138020
	9.15
	7.76
	K0
	498.9±3.9



	20 UMi
	7.64
	6.34
	K2IV
	213.20±0.70



	HD 138116
	9.16
	8.10
	M0-1
	224.65±0.85



	HD 143641
	8.26
	7.23
	K0
	122.97±0.26



	HD 142961
	7.66
	6.72
	G5
	234.5±0.90



	HD 150275
	7.34
	6.34
	K1III
	110.90±0.29



	HD 151698
	9.13
	8.06
	K0
	275.80±0.11



	HD 155153
	7.63
	6.62
	G5
	235.9±1.0



	HR 6069
	7.21
	6.21
	G8III
	136.10±0.40



	HR 6180
	7.64
	6.30
	K2III
	143.9±9.5



	HD 145310
	8.32
	7.08
	K0
	210.42±0.69



	HD 144903
	8.57
	7.39
	K0
	337.9±1.8



	HD 148374
	6.63
	5.67
	G8III
	157.8±5.1



	HD 150142
	8.52
	7.12
	K0
	384.3±2.6



	HD 147764
	8.59
	7.54
	G5
	233.64±0.83



	υ Dra
	5.96
	4.81
	K0IIICN0.5
	110.2±2.8



	HD 148978
	9.14
	8.09
	K0
	293.1±1.3



	HD 149843
	8.75
	7.71
	K0
	263.7±1.0



	HD 137292
	8.78
	7.62
	K2
	221.55±0.88



	HD 138852
	6.72
	5.74
	K0III-IV
	102.30±0.43



	HD 145742
	8.60
	7.55
	K0
	238.26±0.81



	HR 5844
	7.01
	5.63
	M0III
	234.9±6.1



	HD 138301
	8.73
	7.70
	K0
	240.87±0.83



	ε Dra A
	4.73
	3.84
	G7IIIb
	46.90±0.28



	HD 194298
	7.25
	5.69
	K5III
	272.7±4.0





      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Pilot-survey spectra for the dwarf-star sample observed with VATT and PEPSI at R ≈200 000. The respective x-axes are wavelength in Angstroem. Panel a shows the available wavelength coverage with cross dispersers III (4800–5440 Å), V (6280–7410 Å), and VI (7410–9120 Å). Panel b shows sample stars for a wavelength window around the Li I 6707.8-Å line. Panel c shows the same stars but for a wavelength window around the core of the chromospheric Ca II IRT λ18498-Å line. We note that all stars with lines shifted with respect to the laboratory wavelength appear to be spectroscopic binaries. We also note the large line broadening for some of the targets.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Radial velocities from PEPSI spectra. Shown is the CCF (top panels) and the wavelength coverage for one target for one visit (bottom panels). The target is the double-lined spectroscopic binary BY Dra. Panels show the full CCF with pixels binned by a factor five (top left, blue line) and the unbinned central 180 km s−1 of the CCF (top right, blue line), both along with its Gaussian fit (orange line). The bottom panels are overplots of the observed (blue) and the synthetic spectrum (orange) for CD III (left) and CD V (right). The wavelength zones excluded from the CCF are shaded in grey.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Biases of the ParSES output for the pilot sample with respect to PASTEL (Soubiran et al. 2016; circles) and Tautvaisiene et al. (2020), shown as pluses, both collectively labeled “others”. Panel a: effective temperature in Kelvin. Panel b: logarithmic gravity in cms−2. Panel c: global logarithmic metallicity relative to solar. Panel d: comparison between υ sin i results (inverse triangles) from the two independent methods ParSES and iSVD. The dashed line in each panel is again just a 45-degree line to guide the eye.

      

    

  
    
      Table 4 

      Solar abundances from STELLA+SES and VATT+PEPSI Sun-as-a-star spectra.

      
        


	Element
	STELLA+SES
	VATT+PEPSI
	Asplund et al. (2021)





	C (atomic)
	8.42±0.01
	8.45±0.02
	8.46±0.04



	CH
	8.31±0.05
	…
	…



	N (CN)
	7.93±0.05
	…
	7.83±0.07



	O (NIR-NLTE)
	8.63±0.01
	8.65±0.01
	8.69±0.04



	O(6300Å)
	8.64±0.10
	…
	…



	Na
	6.26±0.05
	6.13±0.06
	6.22±0.03



	Mg
	7.47±0.05
	7.58±0.05
	7.55±0.03



	Al
	6.41±0.01
	6.39±0.03
	6.43±0.03



	Si
	7.47±0.02
	7.55±0.02
	7.51±0.03



	S
	7.12±0.01
	7.19±0.01
	7.12±0.03



	K
	5.16±0.02
	5.11±0.06
	5.07±0.03



	Ca
	6.27±0.03
	6.29±0.03
	6.30±0.03



	Sc(a)
	3.11±0.07
	3.08±0.06
	3.14±0.04



	Ti
	4.88±0.04
	4.94±0.01
	4.97±0.05



	V (a)
	3.90±0.02
	3.94±0.04
	3.90±0.08



	Cr
	5.50±0.02
	5.64±0.03
	5.62±0.04



	Mn(a)
	5.29±0.03
	5.56±0.08
	5.42±0.06



	Fe
	7.40±0.02
	7.46±0.01
	7.46±0.04



	Co(a)
	4.85±0.02
	4.95±0.04
	4.94±0.05



	Ni
	6.21±0.03
	6.22±0.03
	6.20±0.04



	Cu(a)
	4.04±0.10
	4.14±0.05
	4.18±0.05



	Zn
	4.49±0.04
	4.56±0.06
	4.56±0.05



	Y
	2.14±0.06
	2.29±0.08
	2.21±0.05



	Zr
	2.66±0.01(b)
	2.62±0.03
	2.59±0.04



	Ba
	2.15±0.05
	2.08±0.01
	2.27±0.05



	La(a)
	1.45±0.01
	1.22±0.09
	1.11±0.04



	Ce
	1.65±0.04
	1.57±0.07
	1.58±0.04



	Eu(a)
	…
	0.62±0.01
	0.52±0.04





      

      
Notes. Mean values and standard deviations between neutral and ionized atoms are given for Sc, Ti, Fe, and Zr. (a)HFS included in the analysis.(b) Abundance is from Zr II only.




    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Elemental abundances. Panel a: individual abundances for the pilot stars in this survey (squares denote giants, triangles denote dwarfs). Panel b: comparison with stars and elements in common with the survey of Tautvaisiene et al. (2020).

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Relative α-element abundance [α/Fe] versus iron abundance [Fe/H] for the pilot sample. Symbols are the observations as identified in the insert. The dashed lines mark the separations of the stellar populations from the APOGEE survey (Lagarde et al. 2021) for thin disk stars and thick disk high-a metal-poor (hamp) and high-α metal-rich (hamr) stars.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        TurboMPfit for the 8000-Å CN region of HR 5844. Diamond symbols are the observed spectrum and the lines are fits with three different 12C/13C isotope ratios, using the CN line list of Plez. Fixed parameters were (Teff, log g, ξt, υ sin i) = (4296, 1.54, 2.00, 4.53) in the usual units. The best average from eight fits is 12C/13C = 17.8 using a relative nitrogen abundance ∆A(N) of 0.50±0.05 and a relative iron abundance of –0.25±0.03 (the best fit shown in the plot is with a slightly different isotope ratio). A total of 41 pixels were fitted to a χ2 of 575. Average S/N per pixel in this wavelength range is 400.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        TurboMPfit for the lithium region of HD 175225. Fixed parameters were (Teff, log g, [M/H], ξt, υ sin i) = (5180, 3.52, 0.0, 1.0, 2.0) in the usual units. The best (average) fit was achieved with A (Li) of 1.22±0.03, an isotope ratio of 0.00±0.00, and a relative iron abundance of 0.20±0.04. A total of 131 pixels were fitted to a χ2 of 236. Average S/N per pixel in this wavelength range is 311. The residuals in the plot are enhanced by a factor five for better visibility.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Absolute emission line surface fluxes for the pilot sample. Panel a: Balmer Ha line-core flux vs. B – V. Panel b: summed Ca II IRT line-core flux vs. B – V. Panel c: flux–flux relation for Balmer Hα vs. Call IRT-3. Dashed line is the 1:1 relation. Red dots are from STELLA+SES spectra, blue dots from VATT+PEPSI spectra.

      

    

  
    
      Table 5 

      Observing log for the survey.

      
        


	FITS file ID
	Target ID
	RA Dec
	V
	Sample
	Date UT
	Time UT
	Exp.
	S/N
	Time BJD
	Instrument
	CD



	
	
	(2000.0)
	(mag)
	
	(d/m/y)
	(h:m:s)
	(h:m:s)
	
	(245+)
	
	



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)





	science20180222B-0013
	HD 134585
	15:05:45 +71:52:58
	7.46
	giant
	22/02/2018
	01:02:38
	0:40:00
	202
	8171.60059
	STELLA+SES
	



	science20180414B-0365
	HD 134585
	15:05:45 +71:52:58
	7.46
	giant
	14/04/2018
	19:33:36
	0:40:00
	200
	8223.41294
	STELLA+SES
	



	science20181206B-0040
	HD 134585
	15:05:45 +71:52:58
	7.46
	giant
	06/12/2018
	04:59:03
	0:40:00
	104
	8458.76383
	STELLA+SES
	



	pepsir.20170522.004
	HD 135143
	15:08:30 +72:22:10
	7.84
	dwarf
	22/05/2017
	02:58:52
	1:25:00
	185
	7895.65445
	VATT+PEPSI
	CD35



	pepsir.20170527.024
	HD 135143
	15:08:30 +72:22:10
	7.84
	dwarf
	27/05/2017
	03:03:56
	1:25:00
	184
	7900.65783
	VATT+PEPSI
	CD36



	science20181214B-0025
	HD 135143
	15:08:30 +72:22:10
	7.84
	dwarf
	14/12/2018
	04:29:18
	1:00:00
	195
	8466.75035
	STELLA+SES
	



	science20190115B-0020
	HD 135143
	15:08:30 +72:22:10
	7.84
	dwarf
	15/01/2019
	02:29:32
	1:00:00
	203
	8498.66775
	STELLA+SES
	



	science20191214B-0026
	HD 135143
	15:08:30 +72:22:10
	7.84
	dwarf
	14/12/2019
	04:30:24
	1:00:00
	194
	8831.75111
	STELLA+SES
	



	pepsir.20180528.008
	HD 135045
	15:08:35 +70:08:49
	8.03
	dwarf
	28/05/2018
	03:36:29
	1:25:00
	137
	8266.68065
	VATT+PEPSI
	CD35



	pepsir.20180602.000
	HD 135045
	15:08:35 +70:08:49
	8.03
	dwarf
	02/06/2018
	03:08:06
	1:25:00
	146
	8271.66081
	VATT+PEPSI
	CD36



	science20181219B-0022
	HD 135045
	15:08:35 +70:08:49
	8.03
	dwarf
	19/12/2018
	04:20:35
	1:30:00
	184
	8471.75464
	STELLA+SES
	



	science20190425B-0364
	HD 135045
	15:08:35 +70:08:49
	8.03
	dwarf
	25/04/2019
	19:54:14
	1:30:00
	285
	8599.44454
	STELLA+SES
	



	science20200116B-0029
	HD 135045
	15:08:35 +70:08:49
	8.03
	dwarf
	16/01/2020
	02:22:02
	1:30:00
	233
	8864.67287
	STELLA+SES
	





      

      
Notes. The first 3 of the 1067 targets are listed here as an example, full version only at the CDS. File names appear truncated in the printed table.




    

  
    
      Table 6 

      Average uncertainties based on the pilot-star sample.

      
        


	Parameter
	Uncertainty
	Unit



	
	VATT
	STELLA
	





	RV
	15
	50
	ms–1



	Teff
	70
	70
	K



	logg
	0.20
	0.15
	cm s–2



	[M/H]
	0.1
	0.1
	solar



	ξt
	0.10
	0.08
	km s–1



	υ sin i(1) ParSES
	0.20
	0.40
	km s–1



	υ sin i(2) ParSES
	5
	…
	km s–1



	υ sin i(1) iSVD
	0.79
	0.48
	km s–1



	υ sin i(2) iSVD
	1.5
	…
	km s–1



	ξRT
	0.71
	0.47
	km s–1



	BIS
	25
	30
	ms–1



	log t(1)
	0.05
	0.10
	yr



	log t(2)
	0.1
	…
	yr



	M
	0.04
	0.15
	M⊙



	A(Li)
	0.03
	0.05
	H=12



	6Li/7Li
	0.7
	(0.1)
	…



	12C/13C
	10
	0.8–10
	…



	A(X)
	< 0.1 dex
	H=12



	ℱHα
	3
	0.7
	105 erg cm–2 s–1



	ℱIRT
	3
	0.5
	105 erg cm–2 s–1



	log Rirt
	0.02
	0.02
	[image: equation]





      

      
Notes. (1)Representative for stars with υ sin i < 50 km s–1. (2)Representative for stars with υ sin i > 50 km s–1.




    

  
    
      Table A.1 

      Results from the ParSES analysis: RV radial velocity; Teff effective temperature; log ɡ logarithmic gravity; [M/H] metallicity; ξt micro turbulence; υ sin i projected rotational broadening; and CD cross disperser for PEPSI observations.

      
        


	Star
	
	Teff
	log ɡ1
	[M/H]
	ξt
	υ sin i
	



	BJD +245
	RV
	
	
	
	
	
	CD



	
	(km s−1)
	(K)
	(cm s−2)
	(solar)
	(km s−1)
	(km s−1)
	





	BY Dra1
	
	4435±12
	3.68 ±0.05
	−0.64±0.16
	0.53±0.04
	8.33±0.14
	



	7894.8719
	−57.09±0.05
	4331±36
	3.14±0.12
	−0.78±0.74
	0.50±0.10
	7.87±0.41
	3, 5



	7899.9343
	−17.76±0.05
	4432±32
	3.75 ±0.14
	−0.64±0.48
	0.53±0.10
	8.53±0.37
	3, 6


 
	




	HD 135119
	
	6477±54
	3.05 ±0.14
	−0.69±0.07
	2.82±0.28
	90.5±4.9
	



	7893.7181
	−1.73 ±0.02
	6529±178
	2.55±0.69
	−0.86±0.20
	3.41±0.93
	91±19
	3, 5



	7898.6837
	−9.25 ±0.01
	6405±157
	2.94 ±0.42
	−0.74±0.21
	2.69±0.86
	90±15
	3, 6


 
	




	HD 135143
	
	5828±45
	4.14±0.07
	−0.19±0.03
	1.25±0.07
	3.51±0.21
	



	7895.6829
	−3.67 ±0.01
	5771 ±122
	4.10±0.21
	−0.24±0.08
	1.23±0.18
	3.59±0.60
	3, 5



	7900.6863
	−3.71±0.01
	5803±124
	4.10±0.20
	−0.19±0.08
	1.18±0.19
	3.64±0.60
	3, 6


 
	




	HD 138916
	
	5770±108
	2.64±0.32
	−1.15±0.11
	1.53±0.43
	96±10
	



	7897.6967
	24.54±0.08
	5375±288
	2.28±0.70
	−1.44±0.41
	1.31±0.89
	94±26
	3, 5



	8265.7282
	−13.97±0.05
	5808±238
	2.70±0.69
	−1.15±0.26
	1.57±1.05
	95±22
	3, 6


 
	




	HD 139797
	
	5794±47
	3.71±0.07
	−0.32±0.03
	1.42±0.08
	5.50±0.20
	



	7901.6903
	−21.14±0.01
	5758±136
	3.74±0.20
	−0.37±0.10
	1.41±0.23
	6.36±0.64
	3, 5



	8265.9229
	−18.90±0.01
	5792±128
	3.67±0.18
	−0.32±0.09
	1.39±0.21
	4.69±0.55
	3, 6


 
	




	HD 140341
	
	5952±66
	2.30±0.20
	−0.79±0.09
	2.35±0.30
	82.8±5.5
	



	7893.7796
	−18.14±0.01
	5784±217
	1.59±0.75
	−1.03±0.24
	2.34±0.75
	81 ±20
	3, 5



	7898.7443
	−19.72±0.02
	5788±167
	2.08±0.52
	−0.94±0.23
	2.28±0.74
	82±15
	3, 6


 
	




	HD 142006
	
	6016±47
	3.89±0.08
	−0.51±0.04
	1.39±0.08
	1.46±0.59
	



	7895.7440
	−23.98±0.01
	5962±145
	3.85±0.23
	−0.55±0.10
	1.35±0.22
	1.8±1.0
	3, 5



	7900.7479
	−24.01±0.01
	6018±137
	3.89±0.23
	−0.50±0.10
	1.34±0.23
	1.7±1.2
	3, 6


 
	




	HD 142089
	
	6095±56
	3.89±0.10
	−0.29±0.04
	1.54±0.10
	9.53±0.30
	



	7893.8431
	−20.16±0.01
	6068±156
	3.84±0.29
	−0.32±0.10
	1.53±0.28
	9.61±0.85
	3, 5



	7898.8064
	−20.44±0.01
	5928±146
	3.69 ±0.29
	−0.37±0.12
	1.39±0.31
	9.54±0.94
	3, 6


 
	




	HD 144061
	
	5531±26
	3.94 ±0.05
	−0.46±0.13
	1.04±0.09
	0.5±0.5
	



	7901.7532
	−8.33±0.01
	5567±83
	4.01±0.16
	−0.45±0.42
	1.04±0.30
	0.5±0.5
	3, 5



	8265.7916
	−8.34±0.01
	5549±92
	3.95 ±0.15
	−0.44±0.48
	0.99±0.31
	0.5±0.5
	3, 6


 
	




	HD 145710
	
	5843±76
	2.38±0.20
	−0.83±0.09
	2.04±0.26
	57.8±4.1
	



	7894.7481
	−40.41±0.01
	5650±219
	2.03±0.57
	−1.05±0.23
	2.02±0.61
	57±12
	3, 5



	7899.8118
	−41.06±0.01
	5687±168
	2.14±0.47
	−0.95±0.21
	2.03±0.63
	58±11
	3, 6


 
	




	HD 150826
	
	6113±70
	3.55±0.14
	−0.28±0.06
	1.74±0.16
	25.6±1.0
	



	7892.8870
	−25.93±0.01
	6096±186
	3.50±0.36
	−0.33±0.14
	1.81±0.40
	25.5±2.7
	3, 5



	7897.9822
	−22.71±0.01
	5725±185
	3.00±0.40
	−0.51±0.18
	1.42±0.49
	25.6±3.3
	3, 6


 
	




	HD 155859
	
	5913±36
	3.94 ±0.06
	−0.23±0.02
	1.38±0.05
	2.13±0.22
	



	7893.9159
	−40.08±0.01
	5919±113
	3.94±0.17
	−0.24±0.07
	1.38±0.16
	2.17±0.67
	3, 5



	7898.8664
	−40.09±0.01
	5863±120
	3.90±0.18
	−0.25±0.08
	1.30±0.18
	2.28±0.73
	3, 6


 
	




	HD 160052
	
	6254±58
	3.04±0.09
	−0.55±0.22
	1.03±0.16
	1.0±1.4
	



	7892.8228
	−7.14±0.01
	6081±150
	2.32±0.09
	−0.59±0.79
	0.90±0.38
	0.5±0.5
	3, 5



	7897.9201
	−6.65±0.01
	6036±134
	2.97 ±0.33
	−0.71±0.60
	1.06±0.48
	1.2±2.1
	3, 6


 
	




	HD 160076
	
	6099±89
	2.92±0.23
	−0.96±0.08
	2.22±0.26
	23.3±1.7
	



	7894.6846
	−25.63±0.01
	5721 ±225
	2.06±0.60
	−1.31±0.19
	2.17±0.54
	23.3±5.3
	3, 5



	7899.7495
	−24.40±0.01
	5781 ±187
	2.47 ±0.54
	−1.21±0.17
	2.12±0.54
	22.9±3.4
	3, 6


 
	




	HD 160605
	
	4779±14
	3.19 ±0.03
	−0.12±0.07
	1.13±0.05
	0.5±0.5
	



	7901.9396
	−67.06±0.01
	4615±33
	2.56±0.10
	−0.28±0.38
	1.13±0.21
	0.5±0.5
	3, 5



	8265.9886
	−67.06±0.01
	4771±42
	3.17±0.09
	−0.18±0.29
	1.06±0.15
	0.5±0.5
	3, 6


 
	




	HD 161897
	
	5385±20
	4.14±0.03
	−0.25±0.12
	1.02±0.07
	0.5±0.5
	



	7895.8050
	−16.29±0.01
	5377±61
	4.12±0.10
	−0.27±0.40
	1.01±0.23
	0.5±0.5
	3, 5



	7900.8098
	−16.25±0.01
	5399±63
	4.15 ±0.11
	−0.24±0.36
	0.98±0.22
	0.5±0.5
	3, 6


 
	




	HD 162524
	
	5940±67
	3.65 ±0.14
	−0.42±0.05
	1.44±0.14
	14.22±0.61
	



	7894.8099
	−26.19±0.01
	5861±162
	3.54±0.28
	−0.50±0.13
	1.44±0.35
	14.1±1.6
	3, 5



	7899.8737
	−27.47±0.01
	5689±153
	3.32±0.25
	−0.56±0.14
	1.28±0.36
	14.4±1.6
	3, 6


 
	




	HD 1657001
	
	5965±71
	3.97 ±0.10
	−1.38±0.70
	0.50±0.10
	4.74±0.35
	



	7895.8680
	−13.18±0.01
	5884±214
	3.95±0.32
	−1.50
	0.50±0.01
	4.6±1.0
	3, 5



	7900.8737
	−16.71±0.02
	6016±181
	3.96±0.27
	−1.35
	0.50±0.10
	4.8±1.0
	3, 6


 
	




	HD 175225
	
	5180±12
	3.52±0.03
	0.02±0.01
	1.02±0.02
	2.01±0.07
	



	7892.9960
	2.49±0.01
	5197±52
	3.56±0.12
	0.00±0.04
	1.01±0.07
	2.01±0.36
	3, 5



	7900.9905
	2.41±0.01
	5216±47
	3.57 ±0.10
	0.05±0.04
	0.99±0.06
	1.80±0.40
	3, 6


 
	




	HD 176841
	
	5699±27
	4.12±0.05
	0.04±0.02
	1.15±0.04
	2.30±0.15
	



	7893.9893
	−17.84±0.01
	5698±84
	4.11±0.14
	0.03±0.06
	1.11±0.12
	2.40±0.47
	3, 5



	7898.9279
	−17.86±0.01
	5684±93
	4.07 ±0.16
	0.05±0.07
	1.10±0.13
	2.41±0.54
	3, 6


 
	




	HD 180005
	
	6055±77
	2.85±0.21
	−0.88±0.12
	1.43±0.41
	117±10
	



	7895.9277
	−6.54±0.03
	5795±184
	1.20±0.82
	−1.13±0.35
	1.17±0.79
	114±44
	3, 5



	7900.9337
	−0.10±0.03
	5800±181
	2.40±0.65
	−1.14±0.26
	1.46±0.95
	116±27
	3, 6


 
	




	HD 180712
	
	5765±40
	4.26±0.07
	−0.30±0.03
	1.16±0.07
	2.92±0.23
	



	7894.9320
	−13.20±0.01
	5754±107
	4.24±0.19
	−0.32±0.07
	1.23±0.19
	2.87±0.64
	3, 5



	7899.9911
	−13.00±0.01
	5750±116
	4.27±0.22
	−0.32±0.09
	0.93±0.23
	3.32±0.66
	3, 6


 
	




	HD 192438
	
	6319±50
	2.82±0.12
	−0.69±0.05
	3.45±0.23
	57.0±2.7
	



	7901.9879
	−9.33 ±0.01
	6144±163
	2.19±0.49
	−0.87±0.15
	3.35±0.62
	56±8
	3, 5



	8265.8564
	−9.70±0.01
	6356±141
	2.85 ±0.36
	−0.68±0.15
	3.47±0.67
	57±8
	3, 6


 
	




	HD 199019
	
	5411±37
	4.45 ±0.09
	−0.26±0.03
	0.98±0.09
	5.95±0.20
	



	7894.9909
	−10.72±0.01
	5398±91
	4.40±0.20
	−0.27±0.08
	0.96±0.21
	6.00±0.52
	3, 5



	7898.9883
	−10.28±0.01
	5395±115
	4.35 ±0.24
	−0.26±0.70
	0.50±0.00
	6.03±0.67
	3, 6


 
	




	VX UMi
	
	6235±85
	2.90±0.25
	−0.85±0.20
	1.03±0.49
	185±16
	



	7892.7574
	−7.35±0.02
	5577±304
	2.27±1.12
	−1.62±0.53
	1.41±1.12
	156±46
	3, 5



	7897.7131
	−11.57±0.02
	6267±205
	2.96±0.62
	−0.79±0.78
	0.73±0.59
	182±38
	3, 6


 
	




	ψ01 Dra A
	
	6420±20
	3.80±0.04
	−0.25±0.01
	1.96±0.04
	12.03±0.13
	



	7901.8773
	−12.66±0.01
	6469±87
	3.78±0.15
	−0.24±0.06
	1.99±0.18
	11.96±0.58
	3, 5



	8266.9924
	−12.84±0.01
	6318±107
	3.79±0.19
	−0.27±0.08
	1.84±0.25
	12.50±0.80
	3, 6


 
	




	ψ01 Dra B
	
	6119±23
	4.14±0.03
	−0.17±0.01
	1.43±0.04
	5.95±0.10
	



	7892.9488
	−10.53±0.01
	6104±93
	4.11±0.13
	−0.19±0.06
	1.43±0.16
	5.96±0.41
	3, 5



	7897.9919
	−8.54±0.01
	5845±145
	3.92±0.23
	−0.29±0.11
	1.42±0.31
	9.25±0.85
	3, 6



	7901.8150
	−10.55±0.01
	6130±93
	4.15 ±0.13
	−0.15±0.06
	1.36±0.17
	5.97±0.43
	3, 6


 
	




	11 UMi
	
	4258±19
	1.62±0.09
	−0.04±0.03
	1.51±0.04
	4.23±0.21
	



	8468.7363
	−17.22±0.03
	4237±16
	1.61±0.08
	−0.07±0.02
	1.50±0.04
	4.47±0.20
	



	8216.4277
	−17.34±0.03
	4244±18
	1.61±0.08
	−0.07±0.02
	1.53±0.04
	4.20±0.22
	



	8171.7631
	−17.60±0.03
	4244±17
	1.63 ±0.07
	−0.07±0.02
	1.52±0.04
	4.10±0.20
	


 
	




	HD 136919
	
	4785±36
	2.80±0.13
	−0.02±0.08
	1.20±0.07
	1.73±0.54
	



	8474.7383
	−3.17±0.03
	4782±39
	2.78±0.15
	−0.01±0.09
	1.19±0.08
	1.69±0.56
	



	8226.4238
	−3.25±0.03
	4788±37
	2.80±0.14
	−0.01±0.21
	1.19±0.14
	1.03±0.05
	



	8184.5862
	−3.19±0.03
	4783±35
	2.79±0.14
	−0.02±0.21
	1.20±0.14
	1.03±0.04
	


 
	




	HD 138020
	
	4118±23
	1.29±0.20
	−0.42±0.03
	1.53±0.06
	4.98±0.42
	



	8492.6905
	−71.91±0.03
	4004±15
	0.69±0.06
	−0.63±0.08
	1.59±0.11
	2.0±1.1
	



	8243.3950
	−72.26±0.03
	3993±10
	0.70±0.05
	−0.66±0.06
	1.61±0.08
	2.06±0.98
	



	8184.6273
	−72.03±0.03
	3995±10
	0.70±0.04
	−0.66±0.07
	1.61±0.09
	1.83±0.87
	


 
	




	20 UMi
	
	4419±25
	1.91 ±0.12
	−0.04±0.04
	1.47±0.06
	3.89±0.29
	



	8509.6758
	−28.55±0.03
	4392±23
	1.85±0.11
	−0.10±0.03
	1.51±0.06
	4.06±0.28
	



	8285.5614
	−28.39±0.03
	4404±24
	1.88±0.11
	−0.07±0.03
	1.49±0.06
	3.54±0.31
	



	8188.7559
	−28.26±0.03
	4396±23
	1.88±0.10
	−0.08±0.03
	1.49±0.05
	3.68±0.28
	


 
	




	HD 138116
	
	4697±34
	2.58±0.13
	−0.11±0.10
	1.19±0.07
	1.60±0.51
	



	8199.6219
	2.67±0.03
	4704±34
	2.59±0.14
	−0.10±0.12
	1.19±0.08
	1.51±0.50
	


 
	




	HD 143641
	
	4811±39
	2.87±0.13
	−0.01±0.12
	1.19±0.09
	1.53±0.50
	



	8494.7522
	9.92±0.03
	4817±43
	2.89±0.15
	−0.00±0.18
	1.18±0.11
	1.39±0.50
	



	8208.5519
	10.05±0.03
	4808±40
	2.85 ±0.15
	−0.01±0.23
	1.19±0.15
	1.04±0.05
	


 
	




	HD 142961
	
	5078±56
	2.54±0.17
	−0.09±0.05
	1.51±0.09
	3.47±0.58
	



	8593.4290
	−25.00±0.03
	5059±50
	2.53±0.15
	−0.13±0.05
	1.56±0.08
	3.46±0.54
	



	8505.7649
	−25.08±0.03
	5050±58
	2.48±0.18
	−0.14±0.06
	1.54±0.09
	3.45±0.63
	



	8212.4688
	−25.09±0.03
	5081±54
	2.55 ±0.16
	−0.08±0.06
	1.50±0.08
	2.80±0.67
	


 
	




	HD 150275
	
	4639±43
	2.22±0.14
	−0.55±0.06
	1.17±0.08
	2.63±0.57
	



	8488.7817
	−34.58±0.03
	4635±44
	2.21±0.14
	−0.56±0.06
	1.16±0.09
	2.53±0.59
	



	8212.5181
	−34.60±0.03
	4639±42
	2.21 ±0.14
	−0.55±0.06
	1.17±0.08
	2.20±0.57
	


 
	




	HD 151698
	
	4474±33
	2.11 ±0.14
	−0.52±0.05
	1.18±0.07
	2.99±0.47
	



	8906.6263
	−61.01±0.03
	4456±31
	2.07±0.14
	−0.56±0.04
	1.22±0.07
	3.26±0.43
	



	8214.5220
	−61.16±0.03
	4476±33
	2.11±0.15
	−0.51±0.05
	1.18±0.07
	2.59±0.49
	


 
	




	HD 155153
	
	5026±45
	2.68 ±0.14
	0.15±0.04
	1.53±0.07
	3.27±0.44
	



	8875.7757
	−14.75±0.03
	5006±45
	2.65±0.14
	0.12±0.05
	1.54±0.08
	3.03±0.52
	



	8511.7788
	−14.81±0.03
	4994±45
	2.62±0.15
	0.10±0.04
	1.56±0.08
	3.37±0.49
	



	8220.5193
	−14.83±0.03
	5033±45
	2.70±0.15
	0.17±0.05
	1.52±0.07
	2.51±0.55
	


 
	




	HR 6069
	
	4870±42
	2.43 ±0.17
	−0.21±0.06
	1.40±0.08
	2.14±0.57
	



	8223.4477
	−7.22±0.03
	4873±42
	2.43 ±0.18
	−0.20±0.07
	1.39±0.08
	2.04±0.60
	


 
	




	HR 6180
	
	4330±25
	1.99±0.12
	−0.03±0.04
	1.32±0.06
	3.58±0.31
	



	8491.7781
	−35.57 ±0.03
	4313±24
	1.98±0.11
	−0.06±0.03
	1.33±0.06
	3.75±0.30
	



	8225.4540
	−35.42±0.03
	4321±24
	1.99±0.11
	−0.04±0.03
	1.32±0.05
	3.32±0.32
	


 
	




	HD 145310
	
	4480±27
	2.20±0.12
	0.10±0.04
	1.29±0.06
	2.74±0.36
	



	8225.5510
	−35.48 ±0.03
	4476±27
	2.20±0.11
	0.09±0.04
	1.30±0.05
	2.75±0.36
	


 
	




	HD 144903
	
	4633±34
	2.19±0.12
	−0.04±0.04
	1.43±0.07
	3.41±0.37
	



	8584.5819
	12.27±0.03
	4603±29
	2.13±0.10
	−0.10±0.03
	1.49±0.06
	3.71±0.31
	



	8236.5247
	12.26±0.03
	4624±32
	2.17±0.12
	−0.05±0.04
	1.43±0.06
	2.97±0.41
	


 
	




	HD 148374
	
	5039±43
	2.86±0.13
	0.10±0.04
	1.42±0.08
	3.86±0.39
	



	8867.7805
	−24.63±0.03
	5009±33
	2.80±0.10
	0.04±0.03
	1.50±0.06
	3.61±0.31
	



	8506.6966
	−24.45±0.03
	4994±39
	2.77±0.12
	0.02±0.03
	1.49±0.07
	3.86±0.35
	



	8242.4395
	−24.54±0.03
	5014±41
	2.82±0.12
	0.05±0.04
	1.45±0.07
	3.47±0.38
	


 
	




	HD 150142
	
	4218±22
	1.49±0.13
	−0.14±0.03
	1.55±0.05
	4.37±0.27
	



	8610.4319
	−27.94±0.03
	4213±19
	1.51±0.10
	−0.15±0.02
	1.56±0.05
	4.52±0.24
	



	8249.4361
	−27.95±0.03
	4208±18
	1.49±0.11
	−0.16±0.02
	1.55±0.05
	4.22±0.25
	


 
	




	HD 147764
	
	4858±38
	2.67 ±0.14
	0.05±0.07
	1.37±0.07
	2.02±0.53
	



	8609.4910
	0.47±0.03
	4858±37
	2.67±0.13
	0.04±0.06
	1.37±0.07
	2.08±0.51
	



	8249.4817
	0.39±0.03
	4869±36
	2.69±0.14
	0.07±0.22
	1.36±0.17
	1.04±0.06
	


 
	




	υ Dra
	
	4643±28
	2.19±0.10
	−0.03±0.03
	1.48±0.06
	3.61±0.28
	



	8737.5185
	−15.65±0.03
	4643±11
	2.40±0.04
	−0.02±0.01
	1.47±0.02
	3.34±0.13
	



	8251.7026
	−11.04±0.03
	4616±24
	2.13±0.09
	−0.08±0.03
	1.54±0.05
	3.59±0.28
	


 
	




	HD 148978
	
	4805±38
	2.46±0.16
	−0.14±0.05
	1.37±0.07
	2.64±0.52
	



	8631.4679
	0.58±0.03
	4792±38
	2.45±0.14
	−0.16±0.04
	1.37±0.07
	2.84±0.48
	



	8257.4678
	0.43±0.03
	4808±39
	2.47±0.16
	−0.13±0.08
	1.36±0.07
	1.81±0.56
	


 
	




	HD 149843
	
	4863±40
	2.68±0.14
	0.10±0.06
	1.33±0.07
	2.49±0.56
	



	8869.7636
	−8.75±0.03
	4890±8
	2.84±0.02
	0.10±0.01
	1.38±0.01
	1.93±0.10
	



	8266.4091
	−8.68±0.03
	4858±38
	2.67 ±0.14
	0.10±0.08
	1.32±0.07
	1.84±0.59
	


 
	




	HD 137292
	
	4711±35
	2.64 ±0.12
	0.28±0.05
	1.30±0.07
	2.80±0.43
	



	8487.7008
	−28.64±0.03
	4692±34
	2.61±0.12
	0.25±0.05
	1.31±0.07
	3.00±0.43
	



	8275.4121
	−28.73±0.03
	4709±32
	2.64±0.12
	0.28±0.06
	1.31±0.06
	2.22±0.43
	



	8188.5246
	−28.66±0.03
	4714±34
	2.64 ±0.12
	0.28±0.06
	1.30±0.07
	2.38±0.47
	


 
	




	HD 138852
	
	4892±38
	2.48±0.16
	−0.19±0.05
	1.39±0.07
	2.41±0.56
	



	8495.6766
	4.95±0.03
	4880±44
	2.46±0.18
	−0.21±0.05
	1.40±0.08
	2.72±0.59
	



	8277.3949
	4.93±0.03
	4902±38
	2.51±0.16
	−0.17±0.07
	1.39±0.07
	1.78±0.56
	



	8185.6420
	4.92±0.03
	4895±38
	2.49±0.17
	−0.18±0.07
	1.38±0.07
	1.94±0.53
	


 
	




	HD 145742
	
	4808±38
	2.57±0.15
	0.06±0.05
	1.37±0.07
	2.42±0.52
	



	8279.4055
	−21.33±0.03
	4807±35
	2.57±0.14
	0.06±0.06
	1.36±0.07
	1.96±0.49
	



	8189.5787
	−21.26±0.03
	4807±39
	2.57±0.15
	0.07±0.06
	1.36±0.07
	2.06±0.53
	


 
	




	HR 5844
	
	4296±20
	1.54±0.10
	−0.01±0.03
	1.57±0.05
	4.53±0.22
	



	8497.6898
	−29.33±0.03
	4285±19
	1.49±0.10
	−0.03±0.02
	1.55±0.05
	4.59±0.23
	



	8287.5660
	−29.35±0.03
	4283±17
	1.51±0.09
	−0.03±0.02
	1.55±0.04
	4.27±0.20
	



	8190.5391
	−29.30±0.03
	4282±16
	1.50±0.09
	−0.04±0.02
	1.56±0.04
	4.33±0.20
	


 
	




	HD 138301
	
	4797±42
	2.42±0.16
	−0.17±0.05
	1.36±0.08
	2.74±0.54
	



	8493.6901
	−46.00±0.03
	4790±42
	2.40±0.15
	−0.18±0.05
	1.37±0.08
	2.62±0.56
	



	8291.5441
	−46.04±0.03
	4800±42
	2.42±0.16
	−0.16±0.07
	1.35±0.07
	2.02±0.56
	



	8191.5158
	−46.07±0.03
	4794±42
	2.42±0.17
	−0.17±0.06
	1.36±0.08
	2.23±0.57
	


 
	




	ε Dra
	
	5002±39
	2.52±0.14
	−0.32±0.05
	1.39±0.07
	2.25±0.56
	



	8732.6259
	3.41±0.03
	5027±33
	2.62±0.12
	−0.30±0.06
	1.40±0.06
	1.79±0.47
	



	8353.6192
	3.38±0.03
	5007±38
	2.52±0.14
	−0.30±0.09
	1.39±0.07
	1.66±0.57
	


 
	




	HD 194298
	
	3926±9
	0.65 ±0.02
	−0.38±0.29
	1.64±0.30
	1.04±0.09
	



	8766.5559
	27.06±0.03
	3921±6
	0.64±0.02
	−0.39±0.23
	1.64±0.24
	1.00±0.00
	



	8734.5971
	26.62±0.03
	3926±12
	0.65±0.03
	−0.38±0.39
	1.65±0.41
	1.01±0.02
	



	8400.5355
	26.72±0.03
	3922±6
	0.65±0.02
	−0.40±0.23
	1.63±0.26
	1.00±0.00
	





      

      
Notes. The first block of entries is from VATT+PEPSI, the second block from STELLA+SES. 1Target is SB2 with unaccounted secondary during the fit.




    

  
    
      Table A.4 

      Spectral line list: ion, λ central wavelength, χ excitation potential, log ɡf transition probability, EW equivalent widths measured from the PEPSI solar spectrum (D), and the SES solar spectrum (G).

      
        


	Ion
	λ (Å)
	χ (eV)
	log ɡf (−)
	EW⊙, D (mÅ)
	EW⊙, G (mÅ)





	C I
	5052.149
	7.685
	−1.304
	37.2
	…



	C I
	5380.325
	7.685
	−1.615
	20.8
	21.4



	C I
	7113.180
	8.647
	−0.773
	22.6
	…



	C I
	7116.990
	8.647
	−0.907
	18.2
	…



	O I
	7771.944
	9.146
	0.369
	68.7
	68.2



	O I
	7774.166
	9.146
	0.223
	58.7
	58.3



	O I
	7775.388
	9.146
	0.002
	47.7
	44.8



	Na I
	4982.813
	2.104
	−0.916
	78.3
	…



	Na I
	5688.205
	2.104
	−0.452
	…
	119.6



	Na I
	6154.226
	2.102
	−1.547
	…
	37.3



	Na I
	6160.747
	2.104
	−1.246
	…
	56.6



	Na I
	8183.256
	2.102
	0.237
	218.6
	…



	Na I
	8194.824
	2.104
	0.492
	239.4
	…



	Mg I
	5528.405
	4.346
	−0.498
	…
	…



	Mg I
	5711.088
	4.346
	−1.742
	…
	105.0



	Mg I
	6318.716
	5.108
	−2.103
	44.4
	…



	Mg I
	6319.237
	5.108
	−2.324
	31.6
	26.6



	Mg I
	7387.685
	5.753
	−1.000
	74.6
	76.0



	Mg I
	7930.806
	5.946
	−1.340
	60.4
	…



	Mg I
	8159.132
	5.933
	−2.220
	10.1
	…



	Mg I
	8213.034
	5.753
	−0.509
	149.9
	…



	Mg I
	8736.019
	5.946
	−0.356
	149.6
	144.4



	Mg I
	8923.569
	5.394
	−1.678
	55.7
	…



	Al I
	6696.015
	3.143
	−1.569
	37.7
	34.8



	Al I
	6698.673
	3.143
	−1.870
	21.5
	20.7



	Al I
	7083.968
	4.021
	−1.111
	23.2
	…



	Al I
	7835.309
	4.021
	−0.689
	42.9
	42.3



	Al I
	7836.134
	4.022
	−0.534
	56.4
	56.9



	Al I
	8772.866
	4.022
	−0.316
	74.9
	…



	Al I
	8773.896
	4.022
	−0.192
	92.5
	98.0



	Si I
	5690.425
	4.930
	−1.773
	…
	54.5



	Si I
	5701.104
	4.930
	−1.953
	…
	39.0



	Si I
	5948.541
	5.082
	−1.130
	…
	89.8



	Si I
	5645.613
	4.930
	−2.043
	…
	37.0



	Si I
	5665.555
	4.920
	−1.940
	…
	39.2



	Si I
	5684.484
	4.954
	−1.553
	…
	58.7



	Si I
	5708.399
	4.954
	−1.370
	…
	73.7



	Si I
	5772.146
	5.082
	−1.653
	…
	52.9



	Si I
	5793.073
	4.930
	−1.963
	…
	…



	Si I
	6407.291
	5.871
	−1.393
	32.5
	…



	Si I
	6721.853
	5.862
	−1.062
	43.4
	…



	Si I
	6741.628
	5.984
	−1.653
	15.8
	15.5



	Si I
	6976.523
	5.954
	−1.170
	44.2
	…



	Si I
	7003.567
	5.964
	−0.890
	59.5
	56.7



	Si I
	7034.903
	5.871
	−0.880
	65.6
	…



	Si I
	7375.246
	6.191
	−1.049
	36.7
	…



	Si I
	7405.774
	5.614
	−0.820
	90.3
	…



	Si I
	7415.946
	5.616
	−0.750
	88.2
	…



	Si I
	7531.761
	6.261
	−1.431
	19.3
	…



	Si I
	7680.267
	5.862
	−0.690
	92.9
	…



	Si I
	7918.386
	5.954
	−0.610
	82.5
	…



	Si I
	7932.348
	5.964
	−0.470
	96.1
	92.7



	Si I
	7944.001
	5.984
	−0.310
	109.9
	…



	Si I
	8035.619
	5.984
	−1.372
	26.3
	…



	Si I
	8648.462
	6.206
	0.051
	…
	133.0



	Si I
	8686.352
	6.206
	−0.814
	39.3
	…



	Si I
	8790.389
	6.191
	−0.326
	113.6
	…



	S I
	6757.150
	7.870
	−0.240
	18.1
	15.9



	S I
	8694.626
	7.869
	0.050
	26.4
	30.3



	S I
	8874.480
	8.416
	−0.090
	11.6
	…



	K I
	6938.767
	1.617
	−1.110
	4.7
	…



	K I
	7698.965
	0.000
	−0.154
	149.5
	148.0



	Ca I
	5260.387
	2.521
	−1.719
	32.5
	33.6



	Ca I
	5261.704
	2.521
	−0.579
	99.2
	99.5



	Ca I
	5349.465
	2.709
	−0.310
	101.8
	100.0



	Ca I
	5512.980
	2.933
	−0.464
	…
	87.4



	Ca I
	5581.965
	2.523
	−0.555
	…
	98.3



	Ca I
	5588.749
	2.526
	0.358
	…
	…



	Ca I
	5590.114
	2.521
	−0.571
	…
	87.8



	Ca I
	5867.562
	2.933
	−1.570
	…
	25.1



	Ca I
	5857.451
	2.933
	0.240
	…
	129.3



	Ca I
	6102.723
	1.879
	−0.850
	…
	133.3



	Ca I
	6122.217
	1.886
	−0.380
	…
	…



	Ca I
	6162.173
	1.899
	−0.170
	…
	…



	Ca I
	6166.439
	2.521
	−1.142
	…
	68.6



	Ca I
	6169.042
	2.523
	−0.797
	…
	93.8



	Ca I
	6439.075
	2.526
	0.390
	…
	…



	Ca I
	6455.598
	2.523
	−1.290
	56.0
	54.7



	Ca I
	6471.662
	2.526
	−0.686
	92.3
	88.4



	Ca I
	6493.781
	2.521
	−0.109
	132.9
	



	Ca I
	6499.650
	2.523
	−0.818
	84.4
	87.3



	Ca I
	6717.681
	2.709
	−0.524
	107.2
	…



	Sc I
	5081.561
	1.448
	0.469
	11.8
	10.3



	Sc I
	5356.097
	1.865
	0.168
	2.2
	…



	Sc I
	5686.838
	1.440
	0.380
	…
	11.6



	Sc I
	6210.664
	0.000
	−1.500
	…
	…



	Sc II
	5031.010
	1.357
	−0.400
	71.0
	…



	Sc II
	5239.811
	1.455
	−0.765
	52.1
	…



	Sc II
	5526.790
	1.768
	−0.010
	…
	72.6



	Sc II
	5657.896
	1.507
	−0.540
	…
	64.8



	Sc II
	5667.149
	1.500
	−1.210
	…
	33.7



	Sc II
	5684.202
	1.507
	−1.030
	…
	39.6



	Sc II
	6604.601
	1.357
	−1.260
	34.2
	36.9



	Ti I
	4778.255
	2.236
	−0.350
	15.1
	…



	Ti I
	4781.711
	0.848
	−1.950
	13.5
	…



	Ti I
	4797.975
	2.334
	−0.630
	8.7
	…



	Ti I
	4805.414
	2.345
	0.070
	33.8
	31.5



	Ti I
	4820.409
	1.503
	−0.380
	43.1
	…



	Ti I
	4840.873
	0.899
	−0.430
	65.9
	67.5



	Ti I
	4856.010
	2.256
	0.520
	43.0
	…



	Ti I
	4870.127
	2.249
	0.440
	55.7
	…



	Ti I
	4885.081
	1.887
	0.410
	59.4
	…



	Ti I
	4899.909
	1.879
	0.310
	57.4
	…



	Ti I
	4921.765
	2.175
	0.040
	42.1
	…



	Ti I
	4937.727
	0.812
	−2.080
	12.0
	…



	Ti I
	5016.161
	0.848
	−0.480
	62.8
	67.4



	Ti I
	5020.025
	0.836
	−0.330
	81.8
	77.8



	Ti I
	5036.464
	1.443
	0.140
	68.7
	…



	Ti I
	5040.611
	0.826
	−1.670
	21.3
	…



	Ti I
	5043.584
	0.835
	−1.590
	…
	17.6



	Ti I
	5062.101
	2.160
	−0.390
	16.1
	…



	Ti I
	5064.652
	0.048
	−0.940
	86.0
	…



	Ti I
	5087.058
	1.430
	−0.880
	26.5
	…



	Ti I
	5145.460
	1.460
	−0.540
	37.5
	37.5



	Ti I
	5192.969
	0.021
	−0.950
	83.2
	82.5



	Ti I
	5210.384
	0.048
	−0.820
	96.6
	88.4



	Ti I
	5219.699
	0.021
	−2.220
	27.7
	26.6



	Ti I
	5295.775
	1.067
	−1.590
	12.3
	12.7



	Ti I
	5474.223
	1.460
	−1.230
	…
	16.0



	Ti I
	5866.451
	1.067
	−0.790
	…
	48.1



	Ti I
	5922.110
	1.046
	−1.380
	…
	19.6



	Ti I
	6091.171
	2.267
	−0.320
	…
	14.3



	Ti I
	6258.102
	1.443
	−0.390
	…
	50.8



	Ti I
	6261.096
	1.430
	−0.530
	49.3
	50.0



	Ti I
	6312.236
	1.460
	−1.550
	…
	10.3



	Ti I
	6554.223
	1.443
	−1.150
	…
	17.5



	Ti I
	6556.062
	1.460
	−1.060
	…
	20.2



	Ti II
	4764.525
	1.237
	−2.690
	32.3
	…



	Ti II
	4798.531
	1.079
	−2.660
	44.2
	…



	Ti II
	4806.323
	1.084
	−3.380
	14.5
	…



	Ti II
	4865.612
	1.116
	−2.700
	40.9
	41.2



	Ti II
	4874.009
	3.095
	−0.860
	36.0
	…



	Ti II
	4911.195
	3.124
	−0.640
	50.9
	…



	Ti II
	5005.167
	1.566
	−2.730
	28.4
	…



	Ti II
	5154.068
	1.566
	−1.750
	70.6
	…



	Ti II
	5185.902
	1.893
	−1.410
	67.8
	59.9



	Ti II
	5211.530
	2.590
	−1.410
	33.0
	31.6



	Ti II
	5336.786
	1.582
	−1.600
	70.0
	68.2



	Ti II
	5381.022
	1.566
	−1.970
	58.2
	…



	Ti II
	5396.247
	1.583
	−3.180
	…
	8.0



	V I
	4807.524
	2.125
	0.380
	13.1
	…



	V I
	4831.646
	0.017
	−1.380
	18.6
	…



	V I
	4832.424
	0.000
	−1.505
	15.2
	…



	V I
	4851.490
	0.000
	−1.140
	41.2
	…



	V I
	4864.731
	0.017
	−0.960
	48.1
	…



	V I
	4875.486
	0.040
	−0.790
	47.9
	…



	V I
	5604.935
	1.043
	−1.285
	…
	…



	V I
	5657.441
	1.064
	−1.010
	…
	…



	V I
	5668.363
	1.081
	−1.112
	…
	…



	V I
	5670.848
	1.081
	−0.430
	…
	19.0



	V I
	5727.655
	1.051
	−0.874
	…
	10.2



	V I
	5737.063
	1.064
	−0.740
	…
	10.1



	V I
	6090.209
	1.081
	−0.062
	…
	36.0



	V I
	6111.651
	1.043
	−0.757
	…
	12.0



	V I
	6251.822
	0.287
	−1.370
	…
	14.6



	V I
	6285.160
	0.275
	−1.540
	10.0
	…



	V I
	6296.491
	0.301
	−1.610
	10.5
	…



	V I
	6531.421
	1.218
	−0.850
	5.2
	…



	Cr I
	4829.372
	2.545
	−0.510
	70.7
	…



	Cr I
	4936.335
	3.113
	−0.250
	45.9
	42.3



	Cr I
	4953.717
	3.122
	−1.480
	…
	5.3



	Cr I
	4964.927
	0.941
	−2.526
	38.3
	…



	Cr I
	5019.176
	0.968
	−3.347
	10.7
	…



	Cr I
	5200.173
	3.385
	−0.580
	22.6
	…



	Cr I
	5221.752
	3.375
	−0.349
	25.7
	…



	Cr I
	5238.961
	2.709
	−1.270
	16.1
	15.1



	Cr I
	5247.565
	0.961
	−1.590
	80.6
	…



	Cr I
	5287.178
	3.438
	−0.870
	10.2
	9.5



	Cr I
	5296.691
	0.983
	−1.360
	92.2
	88.9



	Cr I
	5300.745
	0.983
	−2.000
	…
	55.8



	Cr I
	5304.179
	3.464
	−0.670
	14.8
	13.1



	Cr I
	5318.771
	3.438
	−0.670
	15.4
	13.8



	Cr I
	5345.796
	1.004
	−0.950
	110.7
	111.7



	Cr I
	5348.314
	1.004
	−1.210
	98.6
	…



	Cr I
	5386.967
	3.369
	−0.743
	22.4
	…



	Cr I
	5409.784
	1.030
	−0.670
	…
	134.9



	Cr I
	5628.642
	3.422
	−0.740
	…
	13.8



	Cr I
	5719.815
	3.013
	−1.580
	…
	…



	Cr I
	5788.381
	3.013
	−1.490
	…
	…



	Cr I
	5838.669
	3.011
	−1.820
	…
	…



	Cr I
	6881.620
	3.438
	−0.532
	28.1
	…



	Cr I
	6925.271
	3.449
	-0.330
	39.3
	



	Cr I
	6979.795
	3.463
	−0.410
	36.7
	…



	Cr I
	7400.179
	2.900
	−0.111
	75.0
	…



	Cr I
	7462.308
	2.913
	0.062
	110.4
	…



	Cr I
	8348.280
	2.708
	−1.867
	12.3
	…



	Mn I
	4754.047
	2.282
	−0.085
	…
	127.7



	Mn I
	4823.520
	2.319
	−0.136
	137.0
	…



	Mn I
	5004.890
	2.920
	−1.250
	16.6
	…



	Mn I
	5117.930
	3.134
	−1.205
	21.6
	…



	Mn I
	5377.607
	3.844
	−0.166
	49.9
	…



	Mn I
	5394.670
	0.000
	−3.503
	77.1
	…



	Mn I
	5420.351
	2.143
	−1.462
	…
	86.0



	Mn I
	5432.539
	0.000
	−3.795
	…
	50.4



	Mn I
	5516.766
	2.178
	−1.847
	…
	42.4



	Mn I
	6013.510
	3.072
	−0.354
	…
	83.9



	Mn I
	6016.670
	3.073
	−0.183
	…
	93.1



	Mn I
	6021.820
	3.075
	−0.054
	…
	93.1



	Mn I
	6440.970
	3.772
	−1.160
	6.4
	…



	Fe I
	4690.138
	3.686
	−1.645
	…
	55.1



	Fe I
	4779.439
	3.415
	−2.020
	40.8
	…



	Fe I
	4787.826
	2.998
	−2.604
	42.3
	…



	Fe I
	4788.757
	3.237
	−1.763
	66.2
	…



	Fe I
	4799.406
	3.640
	−2.230
	34.9
	…



	Fe I
	4802.879
	3.642
	−1.514
	60.0
	…



	Fe I
	4807.708
	3.368
	−2.150
	50.8
	…



	Fe I
	4808.148
	3.252
	−2.790
	27.1
	29.6



	Fe I
	4809.938
	3.573
	−2.720
	18.9
	…



	Fe I
	4835.868
	4.103
	−1.500
	49.9
	…



	Fe I
	4839.544
	3.267
	−1.822
	62.1
	…



	Fe I
	4844.014
	3.547
	−2.050
	47.5
	…



	Fe I
	4875.877
	3.332
	−2.020
	62.5
	61.3



	Fe I
	4882.143
	3.417
	−1.640
	73.7
	…



	Fe I
	4892.859
	4.218
	−1.290
	51.0
	…



	Fe I
	4907.732
	3.430
	−1.840
	62.9
	60.9



	Fe I
	4918.012
	4.231
	−1.360
	52.2
	…



	Fe I
	4946.387
	3.368
	−1.170
	103.3
	100.8



	Fe I
	4950.106
	3.417
	−1.490
	68.4
	76.5



	Fe I
	4994.129
	0.915
	−3.058
	104.8
	…



	Fe I
	5198.711
	2.223
	−2.135
	97.0
	…



	Fe I
	5225.526
	0.110
	−4.789
	71.8
	…



	Fe I
	5242.491
	3.634
	−0.967
	…
	84.2



	Fe I
	5247.050
	0.087
	−4.949
	66.6
	…



	Fe I
	5250.209
	0.121
	−4.933
	67.0
	…



	Fe I
	5285.127
	4.435
	−1.660
	…
	28.8



	Fe I
	5288.525
	3.695
	−1.493
	…
	57.3



	Fe I
	5322.041
	2.279
	−2.802
	…
	58.8



	Fe I
	5295.312
	4.415
	−1.590
	28.8
	…



	Fe I
	5373.708
	4.473
	−0.710
	62.5
	…



	Fe I
	5379.574
	3.695
	−1.514
	60.8
	…



	Fe I
	5386.334
	4.154
	−1.670
	32.3
	…



	Fe I
	5473.901
	4.154
	−0.720
	…
	80.6



	Fe I
	5483.099
	4.154
	−1.392
	…
	…



	Fe I
	5491.832
	4.186
	−2.188
	…
	…



	Fe I
	5501.465
	0.958
	−3.046
	…
	…



	Fe I
	5538.516
	4.218
	−1.540
	…
	35.2



	Fe I
	5546.506
	4.371
	−1.210
	…
	50.0



	Fe I
	5560.211
	4.435
	−1.090
	…
	48.9



	Fe I
	5569.618
	3.417
	−0.517
	…
	…



	Fe I
	5576.089
	3.430
	−0.900
	…
	114.6



	Fe I
	5661.345
	4.284
	−1.756
	…
	22.2



	Fe I
	5662.516
	4.178
	−0.447
	…
	90.9



	Fe I
	5679.023
	4.652
	−0.820
	…
	58.4



	Fe I
	5691.497
	4.301
	−1.450
	…
	…



	Fe I
	5696.089
	4.549
	−1.720
	…
	…



	Fe I
	5701.544
	2.559
	−2.193
	…
	80.5



	Fe I
	5705.464
	4.301
	−1.355
	…
	36.5



	Fe I
	5717.833
	4.284
	−0.990
	…
	58.8



	Fe I
	5731.762
	4.256
	−1.200
	…
	57.5



	Fe I
	5741.848
	4.256
	−1.672
	…
	…



	Fe I
	5855.076
	4.608
	−1.478
	…
	21.7



	Fe I
	5856.088
	4.294
	−1.327
	…
	…



	Fe I
	5905.671
	4.652
	−0.690
	…
	57.3



	Fe I
	5916.247
	2.453
	−2.994
	…
	52.8



	Fe I
	5956.694
	0.859
	−4.599
	…
	…



	Fe I
	6003.011
	3.882
	−1.100
	…
	73.4



	Fe I
	6008.556
	3.884
	−0.980
	…
	87.2



	Fe I
	6012.209
	2.223
	−4.038
	…
	…



	Fe I
	6027.051
	4.076
	−1.089
	…
	62.5



	Fe I
	6065.482
	2.609
	−1.529
	…
	…



	Fe I
	6082.710
	2.223
	−3.576
	…
	…



	Fe I
	6120.246
	0.915
	−5.970
	…
	…



	Fe I
	6127.906
	4.143
	−1.399
	…
	49.2



	Fe I
	6151.617
	2.176
	−3.295
	…
	48.3



	Fe I
	6165.360
	4.143
	−1.473
	…
	44.2



	Fe I
	6173.335
	2.223
	−2.880
	…
	68.3



	Fe I
	6200.313
	2.609
	−2.433
	…
	71.8



	Fe I
	6219.281
	2.198
	−2.432
	…
	87.8



	Fe I
	6229.226
	2.845
	−2.805
	…
	39.2



	Fe I
	6232.641
	3.654
	−1.235
	83.8
	77.3



	Fe I
	6240.646
	2.223
	−3.230
	…
	47.5



	Fe I
	6246.318
	3.603
	−0.771
	…
	…



	Fe I
	6265.132
	2.176
	−2.550
	…
	…



	Fe I
	6270.224
	2.858
	−2.470
	…
	52.7



	Fe I
	6271.278
	3.332
	−2.703
	…
	25.2



	Fe I
	6301.500
	3.654
	−0.720
	…
	119.6



	Fe I
	6315.811
	4.076
	−1.630
	…
	40.2



	Fe I
	6322.685
	2.588
	−2.430
	…
	76.0



	Fe I
	6336.823
	3.686
	−0.852
	…
	104.5



	Fe I
	6380.743
	4.186
	−1.375
	51.8
	50.3



	Fe I
	6430.846
	2.176
	−2.005
	111.7
	…



	Fe I
	6481.870
	2.279
	−2.981
	…
	62.1



	Fe I
	6574.227
	0.990
	−5.004
	…
	28.1



	Fe I
	6593.869
	2.433
	−2.422
	82.9
	…



	Fe I
	6597.559
	4.796
	−0.970
	43.5
	…



	Fe I
	6625.022
	1.011
	−5.336
	15.6
	…



	Fe I
	6633.749
	4.559
	−0.799
	…
	…



	Fe I
	6703.567
	2.759
	−3.060
	36.8
	…



	Fe I
	6705.101
	4.607
	−0.870
	46.2
	45.8



	Fe I
	6710.319
	1.485
	−4.764
	15.7
	…



	Fe I
	6713.744
	4.796
	−1.500
	20.8
	…



	Fe I
	6725.356
	4.103
	−2.100
	16.8
	15.9



	Fe I
	6726.666
	4.607
	−1.133
	46.6
	…



	Fe I
	6739.520
	1.557
	−4.794
	11.4
	…



	Fe I
	6750.151
	2.424
	−2.618
	73.6
	70.1



	Fe I
	6793.258
	4.076
	−2.326
	12.7
	12.4



	Fe I
	6810.262
	4.607
	−0.986
	…
	50.1



	Fe I
	6837.006
	4.593
	−1.687
	…
	16.8



	Fe I
	6839.830
	2.559
	−3.350
	…
	32.1



	Fe I
	6843.656
	4.549
	−0.890
	…
	58.3



	Fe II
	4491.397
	2.856
	−2.640
	…
	…



	Fe II
	4508.281
	2.856
	−2.250
	…
	…



	Fe II
	4576.328
	2.844
	−2.920
	…
	…



	Fe II
	4620.513
	2.828
	−3.190
	…
	…



	Fe II
	4993.350
	2.807
	−3.684
	38.6
	35.8



	Fe II
	5132.661
	2.807
	−4.094
	26.2
	…



	Fe II
	5197.567
	3.230
	−2.220
	76.5
	79.6



	Fe II
	5234.623
	3.221
	−2.180
	81.6
	80.3



	Fe II
	5256.932
	2.891
	−4.182
	20.5
	…



	Fe II
	5264.802
	3.230
	−3.130
	46.6
	46.1



	Fe II
	5284.103
	2.891
	−3.195
	61.1
	…



	Fe II
	5325.552
	3.221
	−3.160
	42.1
	43.2



	Fe II
	5337.722
	3.230
	−3.720
	35.3
	…



	Fe II
	5362.861
	3.199
	−2.570
	69.9
	…



	Fe II
	6369.459
	2.891
	−4.110
	18.9
	17.3



	Fe II
	6416.919
	3.892
	−2.877
	39.9
	…



	Fe II
	6456.380
	3.903
	−2.185
	61.8
	61.4



	Fe II
	6516.077
	2.891
	−3.310
	53.3
	…



	Fe II
	7449.329
	3.889
	−3.090
	20.2
	…



	Fe II
	7533.367
	3.903
	−3.600
	18.7
	…



	Co I
	4813.476
	3.216
	0.120
	44.2
	…



	Co I
	5230.209
	1.740
	−1.840
	28.1
	…



	Co I
	5247.920
	1.785
	−2.070
	18.0
	…



	Co I
	5331.452
	1.785
	−1.997
	…
	18.3



	Co I
	5352.051
	3.576
	−0.503
	23.9
	24.1



	Co I
	5530.775
	1.710
	−2.060
	…
	…



	Co I
	5647.234
	2.280
	−1.560
	…
	13.6



	Co I
	6093.141
	1.740
	−2.437
	…
	7.8



	Co I
	6117.000
	1.785
	−2.490
	…
	…



	Co I
	6454.994
	3.632
	−0.250
	14.6
	15.4



	Co I
	6771.034
	1.883
	−1.970
	22.8
	…



	Co I
	6814.944
	1.956
	−1.900
	20.1
	…



	Ni I
	4806.987
	3.679
	−0.640
	60.2
	…



	Ni I
	4873.442
	3.699
	−0.380
	65.2
	…



	Ni I
	4925.559
	3.655
	−0.770
	60.6
	…



	Ni I
	4935.831
	3.941
	−0.350
	61.6
	…



	Ni I
	4953.208
	3.740
	−0.580
	56.0
	52.2



	Ni I
	4971.345
	3.658
	−0.553
	58.1
	…



	Ni I
	4976.326
	1.676
	−3.000
	38.7
	…



	Ni I
	4980.166
	3.606
	0.070
	95.4
	…



	Ni I
	4998.218
	3.606
	−0.690
	58.3
	…



	Ni I
	5003.741
	1.676
	−3.070
	36.0
	32.4



	Ni I
	5012.442
	3.699
	−0.530
	62.8
	…



	Ni I
	5035.972
	3.655
	−0.134
	120.1
	…



	Ni I
	5115.392
	3.834
	−0.110
	74.3
	…



	Ni I
	5137.074
	1.676
	−1.940
	95.4
	87.0



	Ni I
	5157.976
	3.606
	−1.510
	18.7
	16.3



	Ni I
	5435.857
	1.986
	−2.580
	…
	48.5



	Ni I
	5578.718
	1.676
	−2.830
	…
	57.2



	Ni I
	5587.858
	1.935
	−2.390
	…
	51.2



	Ni I
	5748.351
	1.676
	−3.242
	…
	27.9



	Ni I
	5846.994
	1.676
	−3.460
	…
	21.2



	Ni I
	6007.310
	1.676
	−3.400
	…
	23.5



	Ni I
	6108.116
	1.676
	−2.600
	…
	62.7



	Ni I
	6128.973
	1.676
	−3.430
	…
	25.7



	Ni I
	6176.807
	4.088
	−0.260
	…
	61.7



	Ni I
	6177.242
	1.826
	−3.460
	…
	14.5



	Ni I
	6191.178
	1.676
	−2.470
	…
	74.7



	Ni I
	6204.604
	4.088
	−1.080
	…
	21.1



	Ni I
	6223.981
	4.105
	−0.910
	…
	27.8



	Ni I
	6327.599
	1.676
	−3.170
	38.6
	36.4



	Ni I
	6378.247
	4.154
	−0.820
	31.7
	32.8



	Ni I
	6414.581
	4.154
	−1.160
	17.4
	17.9



	Ni I
	6482.798
	1.935
	−2.630
	40.5
	…



	Ni I
	6532.873
	1.935
	−3.350
	15.5
	…



	Ni I
	6586.310
	1.951
	−2.780
	40.2
	42.0



	Ni I
	6643.630
	1.676
	−2.220
	94.7
	92.6



	Ni I
	6767.772
	1.826
	−2.140
	78.0
	75.8



	Ni I
	7030.011
	3.542
	−1.826
	21.6
	…



	Ni I
	7062.956
	1.951
	−3.385
	15.2
	…



	Ni I
	7110.896
	1.935
	−2.895
	35.9
	…



	Ni I
	7393.598
	3.606
	−0.758
	92.5
	…



	Ni I
	7555.597
	3.847
	0.054
	89.5
	…



	Ni I
	7727.609
	3.679
	−0.388
	91.1
	…



	Ni I
	7863.786
	4.538
	−0.890
	15.1
	…



	Ni I
	8809.415
	3.898
	−1.183
	32.6
	…



	Cu I
	5105.537
	1.389
	−1.542
	92.8
	95.0



	Cu I
	5218.201
	3.817
	−0.095
	49.6
	52.6



	Cu I
	5220.061
	3.817
	−0.866
	14.5
	…



	Cu I
	5700.237
	1.642
	−2.330
	…
	28.1



	Cu I
	5782.127
	1.642
	−1.781
	…
	75.8



	Cu I
	7933.125
	3.786
	−0.420
	34.1
	30.0



	Cu I
	8092.631
	3.817
	−0.131
	41.7
	45.3



	Zn I
	4810.528
	4.078
	−0.160
	71.0
	73.6



	Zn I
	6362.338
	5.796
	0.140
	32.0
	30.0



	Y II
	4854.861
	0.992
	−0.270
	55.4
	…



	Y II
	4883.682
	1.084
	0.190
	57.9
	57.9



	Y II
	5087.416
	1.084
	−0.160
	45.5
	44.3



	Y II
	5119.112
	0.992
	−1.330
	14.6
	…



	Y II
	5123.211
	0.992
	−0.790
	43.5
	…



	Y II
	5200.406
	0.992
	−0.470
	36.2
	39.0



	Y II
	5289.815
	1.033
	−1.680
	…
	…



	Y II
	5402.774
	1.839
	−0.310
	…
	…



	Y II
	5544.611
	1.738
	−0.830
	…
	10.6



	Y II
	5728.887
	1.839
	−1.150
	…
	…



	Y II
	6795.414
	1.738
	−1.030
	…
	…



	Zr I
	4805.870
	0.687
	−0.420
	2.6
	…



	Zr I
	4828.040
	0.623
	−0.640
	1.3
	…



	Zr I
	5385.140
	0.519
	−0.710
	1.0
	…



	Zr I
	6127.440
	0.154
	−1.060
	…
	…



	Zr I
	6134.550
	0.000
	−1.280
	…
	…



	Zr I
	6143.200
	0.071
	−1.100
	…
	…



	Zr I
	6990.840
	0.623
	−1.220
	0.7
	…



	Zr I
	7102.910
	0.651
	−0.840
	0.6
	…



	Zr II
	5112.270
	1.665
	−0.850
	8.1
	9.5



	Zr II
	5350.350
	1.773
	−1.160
	4.9
	…



	Ba II
	5853.675
	0.604
	−1.010
	…
	61.4



	Ba II
	6496.898
	0.604
	−0.407
	95.1
	…



	La II
	4804.040
	0.235
	−1.490
	…
	5.6



	La II
	5122.996
	0.321
	−1.198
	8.2
	…



	La II
	5290.820
	0.000
	−1.650
	5.8
	…



	La II
	5303.546
	0.321
	−1.350
	3.5
	…



	La II
	6390.480
	0.321
	−1.410
	…
	…



	Ce II
	4523.075
	0.516
	−0.080
	…
	15.3



	Ce II
	4562.359
	0.478
	0.210
	…
	23.5



	Ce II
	4628.161
	0.516
	0.140
	…
	17.5



	Ce II
	4914.924
	0.879
	−0.810
	…
	…



	Ce II
	5187.458
	1.212
	0.170
	…
	…



	Ce II
	5274.229
	1.044
	0.130
	8.6
	10.2



	Ce II
	5330.556
	0.869
	−0.400
	3.0
	…



	Ce II
	6043.373
	1.206
	−0.480
	…
	…



	Eu II
	6645.110
	1.380
	0.120
	5.7
	5.4





      

    

  
    
      Table A.5 

      LTE chemical abundances A(X) of the pilot stars.

      
        


	Star
	C
	N
	O
	Na
	Mg
	Al
	Si
	S





	BY Dra
	…
	…
	…
	…
	…
	…
	…
	…



	HD 135119
	…
	…
	…
	…
	…
	…
	…
	…



	HD 135143
	…
	…
	…
	6.03 ± 0.06
	7.54 ± 0.05
	6.35 ± 0.03
	7.62 ± 0.03
	7.50 ± 0.08



	HD 138916
	…
	…
	…
	…
	…
	…
	…
	…



	HD 139797
	8.21 ± 0.15
	…
	…
	6.17 ± 0.04
	7.57 ± 0.06
	6.36 ± 0.04
	7.52 ± 0.03
	7.31 ± 0.09



	HD 140341
	…
	…
	…
	…
	…
	…
	…
	…



	HD 142006
	8.02 ± 0.25
	…
	8.38 ± 0.30
	5.97 ± 0.05
	7.29 ± 0.06
	6.05 ± 0.04
	7.33 ± 0.03
	7.04 ± 0.05



	HD 142089
	8.34 ± 0.20
	…
	…
	6.24 ± 0.05
	7.50 ± 0.05
	6.40 ± 0.05
	7.62 ± 0.04
	7.38 ± 0.04



	HD 144061
	7.97 ± 0.20
	7.37 ± 0.15
	…
	6.03 ± 0.07
	7.30 ± 0.04
	6.17 ± 0.03
	7.29 ± 0.02
	7.02 ± 0.04



	HD 145710
	…
	…
	…
	…
	…
	…
	…
	…



	HD 150826
	…
	…
	…
	…
	…
	…
	…
	…



	HD 155859
	8.30 ± 0.20
	7.70 ± 0.25
	8.54 ± 0.20
	6.21 ± 0.04
	7.61 ± 0.05
	6.36 ± 0.03
	7.55 ± 0.02
	7.29 ± 0.08



	HD 160052
	…
	…
	…
	5.91 ± 0.07
	7.41 ± 0.06
	6.44 ± 0.06
	7.61 ± 0.04
	6.84 ± 0.12



	HD 160076
	…
	…
	…
	…
	…
	…
	…
	…



	HD 160605
	8.21 ± 0.20
	7.94 ± 0.20
	8.57 ± 0.07
	6.04 ± 0.09
	7.66 ± 0.06
	6.50 ± 0.06
	7.72 ± 0.03
	7.56 ± 0.19



	HD 161897
	8.18 ± 0.20
	7.58 ± 0.15
	8.44 ± 0.12
	5.96 ± 0.08
	7.55 ± 0.04
	6.30 ± 0.03
	7.51 ± 0.02
	7.31 ± 0.14



	HD 162524
	…
	…
	…
	6.26 ± 0.10
	7.57 ± 0.10
	6.45 ± 0.09
	7.77 ± 0.06
	7.71 ± 0.17



	HD 165700
	…
	…
	…
	…
	…
	…
	…
	…



	HD 175225
	8.50 ± 0.15
	7.85 ± 0.15
	8.71 ± 0.10
	6.39 ± 0.02
	7.86 ± 0.08
	6.59 ± 0.03
	7.78 ± 0.02
	7.53 ± 0.02



	HD 176841
	8.52 ± 0.20
	7.97 ± 0.15
	8.78 ± 0.07
	6.34 ± 0.10
	7.74 ± 0.04
	6.61 ± 0.05
	7.79 ± 0.03
	7.61 ± 0.04



	HD 180005
	…
	…
	…
	…
	…
	…
	…
	…



	HD 180712
	…
	…
	…
	5.94 ± 0.06
	7.42 ± 0.05
	6.29 ± 0.06
	7.51 ± 0.03
	7.37 ± 0.11



	HD 192438
	…
	…
	…
	…
	…
	…
	…
	…



	HD 199019
	8.17 ± 0.25
	…
	…
	5.76 ± 0.05
	7.50 ± 0.15
	6.31 ± 0.06
	7.55 ± 0.04
	7.21 ± 0.05



	VX UMi
	…
	…
	…
	…
	…
	…
	…
	…



	ψ01 Dra A
	…
	…
	…
	6.52 ± 0.05
	7.58 ± 0.05
	6.47 ± 0.07
	7.55 ± 0.03
	7.19 ± 0.02



	ψ01 Dra B
	8.42 ± 0.20
	…
	8.52 ± 0.20
	6.16 ± 0.04
	7.51 ± 0.05
	6.34 ± 0.03
	7.58 ± 0.03
	7.26 ± 0.01



	11 UMi
	7.99 ± 0.15
	8.14 ± 0.13
	8.53 ± 0.07
	6.29 ± 0.08
	7.58 ± 0.05
	6.59 ± 0.03
	7.77 ± 0.06
	8.20 ± 0.09



	HD 136919
	8.06 ± 0.10
	8.19 ± 0.10
	8.57 ± 0.05
	6.22 ± 0.06
	7.51 ± 0.03
	6.52 ± 0.03
	7.62 ± 0.05
	7.58 ± 0.20



	HD 138020
	7.66 ± 0.10
	7.71 ± 0.15
	8.27 ± 0.08
	5.79 ± 0.09
	7.53 ± 0.09
	6.36 ± 0.05
	7.50 ± 0.07
	…



	20 UMi
	7.99 ± 0.10
	8.19 ± 0.13
	8.65 ± 0.07
	6.27 ± 0.08
	7.58 ± 0.06
	6.56 ± 0.03
	7.72 ± 0.06
	…



	HD 138116
	8.02 ± 0.15
	8.02 ± 0.08
	8.61 ± 0.05
	6.16 ± 0.06
	7.49 ± 0.03
	6.52 ± 0.04
	7.58 ± 0.06
	7.47 ± 0.36



	HD 143641
	8.07 ± 0.10
	8.14 ± 0.07
	8.67 ± 0.06
	6.26 ± 0.08
	7.54 ± 0.05
	6.56 ± 0.05
	7.61 ± 0.05
	7.49 ± 0.06



	HD 142961
	7.94 ± 0.10
	8.24 ± 0.10
	8.60 ± 0.05
	6.40 ± 0.06
	7.46 ± 0.04
	6.42 ± 0.04
	7.52 ± 0.04
	7.33 ± 0.17



	HD 150275
	7.56 ± 0.10
	7.48 ± 0.10
	8.49 ± 0.08
	5.82 ± 0.05
	7.35 ± 0.04
	6.25 ± 0.05
	7.30 ± 0.05
	7.73 ± 0.47



	HD 151698
	7.56 ± 0.12
	7.61 ± 0.12
	…
	6.08 ± 0.14
	7.45 ± 0.04
	6.34 ± 0.04
	7.39 ± 0.06
	7.81 ± 0.11



	HD 155153
	8.20 ± 0.08
	8.38 ± 0.10
	8.74 ± 0.06
	6.59 ± 0.07
	7.71 ± 0.04
	6.67 ± 0.04
	7.79 ± 0.05
	7.67 ± 0.11



	HR 6069
	7.90 ± 0.11
	8.00 ± 0.13
	8.51 ± 0.05
	6.15 ± 0.06
	7.43 ± 0.06
	6.39 ± 0.04
	7.43 ± 0.05
	7.14 ± 0.10



	HR 6180
	8.10 ± 0.13
	8.05 ± 0.15
	8.61 ± 0.10
	6.18 ± 0.08
	7.63 ± 0.06
	6.65 ± 0.04
	7.72 ± 0.06
	7.60 ± 0.07



	HD 145310
	8.18 ± 0.15
	8.33 ± 0.11
	8.69 ± 0.10
	6.39 ± 0.09
	7.71 ± 0.06
	6.73 ± 0.06
	7.81 ± 0.07
	7.60 ± 0.09



	HD 144903
	8.02 ± 0.11
	8.12 ± 0.12
	8.62 ± 0.05
	6.28 ± 0.07
	7.55 ± 0.05
	6.52 ± 0.04
	7.66 ± 0.06
	7.80 ± 0.11



	HD 148374
	8.12 ± 0.10
	8.33 ± 0.13
	…
	6.49 ± 0.07
	7.58 ± 0.05
	6.58 ± 0.03
	7.74 ± 0.04
	7.90 ± 0.31



	HD 150142
	7.89 ± 0.15
	7.99 ± 0.15
	8.58 ± 0.07
	6.19 ± 0.07
	7.66 ± 0.10
	6.51 ± 0.05
	7.65 ± 0.07
	…



	HD 147764
	8.08 ± 0.10
	8.28 ± 0.10
	8.69 ± 0.05
	6.35 ± 0.06
	7.58 ± 0.05
	6.55 ± 0.03
	7.71 ± 0.05
	7.58 ± 0.14



	υ Dra
	8.00 ± 0.10
	8.25 ± 0.10
	8.56 ± 0.05
	6.34 ± 0.07
	7.57 ± 0.04
	6.56 ± 0.06
	7.71 ± 0.05
	7.42 ± 0.07



	HD 148978
	7.99 ± 0.10
	8.19 ± 0.11
	8.55 ± 0.05
	6.18 ± 0.05
	7.47 ± 0.05
	6.47 ± 0.06
	7.52 ± 0.04
	7.23 ± 0.11



	HD 149843
	8.23 ± 0.11
	8.28 ± 0.09
	8.69 ± 0.10
	6.36 ± 0.07
	7.66 ± 0.04
	6.66 ± 0.03
	7.78 ± 0.05
	7.71 ± 0.20



	HD 137292
	8.39 ± 0.10
	8.46 ± 0.10
	8.82 ± 0.07
	6.51 ± 0.10
	7.82 ± 0.04
	6.84 ± 0.06
	7.99 ± 0.07
	7.88 ± 0.37



	HD 138852
	7.91 ± 0.09
	7.92 ± 0.09
	8.55 ± 0.05
	6.15 ± 0.04
	7.37 ± 0.04
	6.39 ± 0.04
	7.43 ± 0.04
	7.34 ± 0.25



	HD 145742
	8.14 ± 0.08
	8.23 ± 0.08
	8.69 ± 0.06
	6.39 ± 0.07
	7.60 ± 0.04
	6.59 ± 0.03
	7.74 ± 0.06
	7.53 ± 0.18



	HR 5844
	8.02 ± 0.15
	8.24 ± 0.10
	8.58 ± 0.07
	6.48 ± 0.10
	7.75 ± 0.11
	6.63 ± 0.04
	7.77 ± 0.08
	7.82 ± 0.08



	HD 138301
	7.96 ± 0.12
	8.01 ± 0.10
	…
	6.16 ± 0.06
	7.48 ± 0.04
	6.46 ± 0.05
	7.50 ± 0.04
	7.05 ± 0.08



	ε Dra
	7.78 ± 0.11
	7.84 ± 0.07
	8.43 ± 0.06
	6.12 ± 0.08
	7.18 ± 0.06
	6.22 ± 0.04
	7.29 ± 0.04
	7.06 ± 0.12



	HD 194298
	7.70 ± 0.20
	…
	8.16 ± 0.10
	6.01 ± 0.15
	7.53 ± 0.17
	6.27 ± 0.12
	7.50 ± 0.10
	…





        


	Star
	K
	Ca
	Sc I
	Sc II
	Ti I
	Ti II
	V
	Cr





	BY Dra
	…
	…
	…
	…
	…
	…
	…
	…



	HD 135119
	…
	…
	…
	…
	…
	…
	…
	…



	HD 135143
	5.16 ± 0.05
	6.24 ± 0.07
	…
	3.15 ± 0.05
	4.83 ± 0.05
	4.90 ± 0.04
	4.03 ± 0.09
	5.59 ± 0.04



	HD 138916
	…
	…
	…
	…
	…
	…
	…
	…



	HD 139797
	5.29 ± 0.06
	6.22 ± 0.06
	…
	2.97 ± 0.06
	4.72 ± 0.06
	4.82 ± 0.04
	3.63 ± 0.06
	5.51 ± 0.05



	HD 140341
	…
	…
	…
	…
	…
	…
	…
	…



	HD 142006
	5.34 ± 0.16
	6.00 ± 0.05
	…
	2.78 ± 0.04
	4.62 ± 0.06
	4.63 ± 0.04
	3.78 ± 0.05
	5.27 ± 0.04



	HD 142089
	5.36 ± 0.06
	6.34 ± 0.06
	…
	2.98 ± 0.06
	4.87 ± 0.07
	4.90 ± 0.05
	…
	5.58 ± 0.05



	HD 144061
	5.00 ± 0.07
	6.04 ± 0.06
	2.70 ± 0.03
	2.76 ± 0.04
	4.60 ± 0.04
	4.64 ± 0.04
	3.54 ± 0.05
	5.32 ± 0.03



	HD 145710
	…
	…
	…
	…
	…
	…
	…
	…



	HD 150826
	…
	…
	…
	…
	…
	…
	…
	…



	HD 155859
	5.24 ± 0.08
	6.22 ± 0.05
	…
	3.04 ± 0.03
	4.82 ± 0.04
	4.83 ± 0.04
	3.88 ± 0.05
	5.55 ± 0.03



	HD 160052
	4.85 ± 0.15
	6.11 ± 0.06
	…
	2.44 ± 0.06
	4.65 ± 0.08
	4.62 ± 0.07
	3.89 ± 0.06
	5.68 ± 0.06



	HD 160076
	…
	…
	…
	…
	…
	…
	…
	…



	HD 160605
	4.99 ± 0.03
	6.15 ± 0.08
	3.07 ± 0.07
	3.19 ± 0.10
	5.03 ± 0.04
	5.16 ± 0.04
	4.40 ± 0.08
	5.62 ± 0.04



	HD 161897
	5.09 ± 0.04
	6.11 ± 0.05
	2.92 ± 0.02
	3.01 ± 0.06
	4.77 ± 0.04
	4.82 ± 0.04
	3.62 ± 0.04
	5.50 ± 0.03



	HD 162524
	5.50 ± 0.07
	6.40 ± 0.09
	…
	3.19 ± 0.13
	5.10 ± 0.10
	4.76 ± 0.07
	…
	5.87 ± 0.11



	HD 165700
	…
	…
	…
	…
	…
	…
	…
	…



	HD 175225
	5.20 ± 0.03
	6.37 ± 0.07
	3.12 ± 0.01
	3.31 ± 0.03
	5.03 ± 0.03
	5.05 ± 0.03
	4.14 ± 0.06
	5.76 ± 0.03



	HD 176841
	5.32 ± 0.03
	6.34 ± 0.06
	3.11 ± 0.02
	3.36 ± 0.02
	5.02 ± 0.04
	5.12 ± 0.03
	4.07 ± 0.06
	5.79 ± 0.03



	HD 180005
	…
	…
	…
	…
	…
	…
	…
	…



	HD 180712
	5.23 ± 0.24
	6.10 ± 0.13
	…
	2.96 ± 0.07
	4.74 ± 0.05
	4.81 ± 0.03
	3.73 ± 0.07
	5.48 ± 0.04



	HD 192438
	…
	…
	…
	…
	…
	…
	…
	…



	HD 199019
	4.95 ± 0.06
	6.25 ± 0.07
	…
	3.20 ± 0.05
	4.88 ± 0.06
	4.93 ± 0.04
	4.02 ± 0.08
	5.69 ± 0.04



	VX UMi
	…
	…
	…
	…
	…
	…
	…
	…



	ψ01 Dra A
	5.49 ± 0.02
	6.39 ± 0.06
	…
	3.01 ± 0.05
	4.83 ± 0.05
	4.80 ± 0.02
	5.02 ± 0.03
	5.53 ± 0.04



	ψ01 Dra B
	5.36 ± 0.02
	6.32 ± 0.05
	…
	3.12 ± 0.03
	4.89 ± 0.03
	4.86 ± 0.02
	3.75 ± 0.08
	5.54 ± 0.03



	11 UMi
	4.85 ± 0.04
	6.16 ± 0.05
	2.85 ± 0.05
	3.19 ± 0.07
	5.02 ± 0.06
	5.06 ± 0.12
	3.80 ± 0.05
	5.53 ± 0.05



	HD 136919
	5.02 ± 0.06
	6.16 ± 0.06
	2.84 ± 0.06
	3.23 ± 0.07
	4.87 ± 0.08
	4.99 ± 0.10
	3.85 ± 0.07
	5.49 ± 0.05



	HD 138020
	4.72 ± 0.05
	5.82 ± 0.06
	2.56 ± 0.05
	2.92 ± 0.10
	4.82 ± 0.07
	4.89 ± 0.13
	3.50 ± 0.07
	5.11 ± 0.07



	20 UMi
	4.93 ± 0.05
	6.15 ± 0.06
	2.88 ± 0.07
	3.21 ± 0.07
	4.95 ± 0.08
	5.03 ± 0.11
	3.88 ± 0.08
	5.53 ± 0.06



	HD 138116
	4.97 ± 0.06
	6.09 ± 0.07
	2.79 ± 0.06
	3.19 ± 0.08
	4.85 ± 0.08
	4.94 ± 0.10
	3.76 ± 0.07
	5.41 ± 0.05



	HD 143641
	5.03 ± 0.07
	6.16 ± 0.07
	2.87 ± 0.06
	3.22 ± 0.08
	4.84 ± 0.08
	5.05 ± 0.10
	3.85 ± 0.07
	5.48 ± 0.06



	HD 142961
	5.28 ± 0.09
	6.15 ± 0.07
	2.88 ± 0.08
	3.11 ± 0.10
	4.80 ± 0.09
	4.91 ± 0.09
	3.73 ± 0.08
	5.41 ± 0.07



	HD 150275
	4.85 ± 0.07
	5.87 ±0.07
	2.43 ±0.07
	2.84 ± 0.08
	4.53 ±0.09
	4.68 ± 0.08
	3.36 ±0.08
	4.94 ±0.06



	HD 151698
	4.73 ± 0.07
	5.89 ± 0.06
	2.47 ± 0.06
	2.91 ± 0.09
	4.59 ± 0.08
	4.82 ± 0.10
	3.38 ± 0.08
	4.96 ± 0.06



	HD 155153
	5.37 ± 0.06
	6.33 ± 0.07
	3.04 ± 0.08
	3.46 ± 0.09
	5.01 ± 0.09
	5.20 ± 0.09
	3.96 ± 0.07
	5.69 ± 0.06



	HR 6069
	5.10 ± 0.08
	6.05 ± 0.07
	2.69 ± 0.06
	3.10 ± 0.09
	4.71 ± 0.09
	4.84 ± 0.09
	3.63 ± 0.07
	5.30 ± 0.06



	HR 6180
	4.94 ± 0.06
	6.14 ± 0.06
	2.92 ± 0.05
	3.20 ± 0.07
	4.90 ± 0.07
	5.04 ± 0.30
	3.85 ± 0.07
	5.54 ± 0.06



	HD 145310
	5.01 ± 0.06
	6.30 ± 0.06
	3.01 ± 0.06
	3.40 ± 0.08
	5.01 ± 0.07
	5.09 ± 0.13
	3.95 ± 0.06
	5.66 ± 0.05



	HD 144903
	5.00 ± 0.07
	6.17 ± 0.06
	2.83 ± 0.07
	3.26 ± 0.08
	4.91 ± 0.09
	4.95 ± 0.10
	3.80 ± 0.07
	5.53 ± 0.05



	HD 148374
	5.29 ± 0.06
	6.32 ± 0.06
	2.97 ± 0.07
	3.37 ± 0.08
	4.95 ± 0.08
	5.11 ± 0.08
	3.92 ± 0.07
	5.60 ± 0.05



	HD 150142
	4.77 ± 0.04
	6.04 ± 0.05
	2.78 ± 0.04
	3.09 ± 0.08
	4.89 ± 0.07
	4.90 ± 0.10
	3.73 ± 0.06
	5.45 ± 0.07



	HD 147764
	5.04 ± 0.07
	6.25 ± 0.07
	2.90 ± 0.06
	3.32 ± 0.10
	4.91 ±0.08
	5.03 ± 0.09
	3.89 ± 0.07
	5.59 ± 0.06



	υ Dra
	5.00 ± 0.06
	6.17 ± 0.06
	2.82 ± 0.05
	3.23 ± 0.07
	4.86 ± 0.08
	4.98 ± 0.11
	3.80 ± 0.07
	5.52 ± 0.05



	HD 148978
	5.03 ± 0.07
	6.09 ± 0.06
	2.75 ± 0.06
	3.13 ± 0.09
	4.78 ± 0.08
	4.91 ± 0.10
	3.71 ± 0.07
	5.39 ± 0.06



	HD 149843
	5.23 ± 0.07
	6.26 ± 0.07
	2.97 ± 0.06
	3.39 ± 0.10
	4.99 ± 0.08
	5.10 ± 0.12
	3.94 ± 0.07
	5.66 ± 0.06



	HD 137292
	5.19 ± 0.07
	6.39 ± 0.07
	3.17 ± 0.07
	3.60 ± 0.10
	5.17 ± 0.09
	5.27 ± 0.11
	4.21 ± 0.08
	5.80 ± 0.06



	HD 138852
	5.08 ± 0.07
	6.05 ± 0.06
	2.69 ± 0.06
	3.11 ± 0.09
	4.73 ± 0.08
	4.85 ± 0.09
	3.64 ± 0.06
	5.32 ± 0.06



	HD 145742
	5.16 ± 0.08
	6.25 ± 0.07
	2.92 ± 0.06
	3.34 ± 0.09
	4.95 ± 0.09
	5.09 ± 0.11
	3.92 ± 0.07
	5.60 ± 0.06



	HR 5844
	4.96 ± 0.04
	6.16 ± 0.05
	2.90 ± 0.05
	3.21 ± 0.08
	4.99 ± 0.07
	4.96 ± 0.22
	3.86 ± 0.05
	5.54 ± 0.06



	HD 138301
	5.04 ± 0.08
	6.06 ± 0.07
	2.71 ± 0.06
	3.12 ± 0.09
	4.78 ± 0.09
	4.86 ± 0.09
	3.68 ± 0.07
	5.34 ± 0.06



	ε Dra
	5.03 ± 0.06
	5.96 ± 0.05
	2.60 ± 0.06
	2.97 ± 0.09
	4.59 ± 0.07
	4.76 ± 0.07
	3.50 ± 0.06
	5.19 ± 0.05



	HD 194298
	4.61 ± 0.18
	5.82 ± 0.21
	2.63 ± 0.17
	2.71 ± 0.22
	4.63 ± 0.24
	4.76 ± 0.33
	3.39 ± 0.22
	5.18 ± 0.15





        


	Star
	Mn
	Fe I
	Fe II
	Co
	Ni
	Cu
	Zn
	Y





	BY Dra
	…
	…
	…
	…
	…
	…
	…
	…



	HD 135119
	…
	…
	…
	…
	…
	…
	…
	…



	HD 135143
	5.66 ± 0.05
	7.40 ± 0.04
	7.48 ± 0.04
	4.89 ± 0.06
	6.20 ± 0.04
	4.18 ± 0.07
	4.52 ± 0.02
	2.27 ± 0.06



	HD 138916
	…
	…
	…
	…
	…
	…
	…
	…



	HD 139797
	5.53 ± 0.06
	7.30 ± 0.05
	7.27 ± 0.04
	4.84 ± 0.07
	6.07 ± 0.05
	4.05 ± 0.07
	4.58 ± 0.05
	2.05 ± 0.08



	HD 140341
	…
	…
	…
	…
	…
	…
	…
	…



	HD 142006
	5.10 ± 0.05
	7.09 ± 0.04
	7.08 ± 0.04
	4.73 ± 0.05
	5.88 ± 0.04
	3.69 ± 0.04
	4.34 ± 0.04
	1.92 ± 0.09



	HD 142089
	5.71 ± 0.06
	7.38 ± 0.05
	7.36 ± 0.05
	4.69 ± 0.09
	6.18 ± 0.05
	4.01 ± 0.09
	4.58 ± 0.04
	2.32 ± 0.11



	HD 144061
	5.12 ± 0.04
	7.10 ± 0.03
	7.12 ± 0.05
	4.58 ± 0.04
	5.79 ± 0.03
	3.91 ± 0.07
	…
	1.80 ± 0.06



	HD 145710
	…
	…
	…
	…
	…
	…
	…
	…



	HD 150826
	…
	…
	…
	…
	…
	…
	…
	…



	HD 155859
	5.40 ± 0.04
	7.35 ± 0.03
	7.40 ± 0.04
	4.86 ± 0.03
	6.09 ± 0.03
	4.14 ± 0.06
	4.59 ± 0.04
	2.00 ± 0.04



	HD 160052
	5.50 ± 0.07
	7.11 ± 0.05
	7.10 ± 0.06
	5.42 ± 0.07
	5.60 ± 0.05
	3.65 ± 0.10
	3.99 ± 0.18
	1.92 ± 0.12



	HD 160076
	…
	…
	…
	…
	…
	…
	…
	…



	HD 160605
	5.28 ± 0.06
	7.45 ± 0.03
	7.53 ± 0.04
	5.15 ± 0.05
	6.27 ± 0.03
	4.66 ± 0.08
	4.40 ± 0.03
	2.42 ± 0.09



	HD 161897
	5.16 ± 0.06
	7.28 ± 0.03
	7.31 ± 0.04
	4.83 ± 0.03
	6.03 ± 0.03
	4.12 ± 0.09
	4.48 ± 0.05
	2.08 ± 0.07



	HD 162524
	5.95 ± 0.10
	7.51 ± 0.07
	7.47 ± 0.07
	…
	6.24 ± 0.08
	4.26 ± 0.19
	…
	2.92 ± 0.16



	HD 165700
	…
	…
	…
	…
	…
	…
	…
	…



	HD 175225
	5.79 ± 0.13
	7.56 ± 0.02
	7.54 ± 0.04
	5.27 ± 0.07
	6.37 ± 0.02
	4.68 ± 0.08
	…
	2.26 ± 0.08



	HD 176841
	5.79 ± 0.09
	7.58 ± 0.03
	7.59 ± 0.04
	5.19 ± 0.05
	6.43 ± 0.03
	4.50 ± 0.06
	4.81 ± 0.03
	2.33 ± 0.07



	HD 180005
	…
	…
	…
	…
	…
	…
	…
	…



	HD 180712
	5.43 ± 0.05
	7.30 ± 0.04
	7.32 ± 0.04
	4.88 ± 0.07
	6.07 ± 0.04
	3.92 ± 0.06
	4.36 ± 0.02
	2.23 ± 0.09



	HD 192438
	…
	…
	…
	…
	…
	…
	…
	…



	HD 199019
	5.48 ± 0.11
	7.39 ± 0.04
	7.44 ± 0.06
	4.83 ± 0.08
	6.16 ± 0.03
	4.14 ± 0.08
	…
	2.44 ± 0.09



	VX UMi
	…
	…
	…
	…
	…
	…
	…
	…



	ψ01 Dra A
	5.40 ± 0.09
	7.34 ± 0.02
	7.32 ± 0.02
	4.94 ± 0.27
	6.20 ± 0.04
	3.83 ± 0.03
	4.16 ± 0.02
	2.17 ± 0.09



	ψ01 Dra B
	5.43 ± 0.06
	7.40 ± 0.02
	7.35 ± 0.02
	4.88 ± 0.05
	6.15 ± 0.03
	4.11 ± 0.06
	4.39 ± 0.01
	2.10 ± 0.05



	11 UMi
	5.49 ± 0.12
	7.47 ± 0.04
	7.48 ± 0.09
	4.88 ± 0.11
	6.40 ± 0.07
	4.49 ± 0.30
	4.50 ± 0.06
	2.12 ± 0.11



	HD 136919
	5.20 ± 0.05
	7.40 ± 0.04
	7.46 ± 0.09
	4.85 ± 0.05
	6.26 ± 0.06
	4.26 ± 0.16
	4.80 ± 0.36
	2.10 ± 0.09



	HD 138020
	4.79 ± 0.09
	7.08 ± 0.06
	7.27 ± 0.13
	4.59 ± 0.12
	5.97 ± 0.08
	3.87 ± 0.32
	4.79 ± 0.52
	1.67 ± 0.15



	20 UMi
	5.31 ± 0.09
	7.45 ± 0.04
	7.47 ± 0.08
	4.88 ± 0.08
	6.31 ± 0.06
	4.39 ± 0.27
	4.87 ± 0.49
	2.04 ± 0.09



	HD 138116
	5.14 ± 0.05
	7.33 ± 0.05
	7.37 ± 0.11
	4.77 ± 0.05
	6.22 ± 0.06
	4.23 ± 0.19
	4.82 ± 0.40
	1.93 ± 0.10



	HD 143641
	5.20 ± 0.06
	7.40 ± 0.05
	7.43 ± 0.09
	4.86 ± 0.06
	6.26 ± 0.06
	4.17 ± 0.17
	4.75 ± 0.24
	2.08 ± 0.10



	HD 142961
	5.07 ± 0.08
	7.30 ± 0.06
	7.28 ± 0.10
	4.71 ± 0.06
	6.10 ± 0.07
	3.98 ± 0.17
	4.66 ± 0.10
	2.12 ± 0.09



	HD 150275
	4.47 ± 0.06
	6.83 ± 0.05
	6.88 ± 0.10
	4.35 ± 0.04
	5.72 ± 0.06
	3.55 ± 0.15
	4.41 ± 0.07
	1.50 ± 0.09



	HD 151698
	4.54 ± 0.05
	6.91 ± 0.05
	7.08 ± 0.12
	4.42 ± 0.05
	5.81 ± 0.07
	3.77 ± 0.17
	4.60 ± 0.27
	1.50 ± 0.09



	HD 155153
	5.31 ± 0.07
	7.58 ± 0.05
	7.60 ± 0.10
	4.98 ± 0.05
	6.41 ± 0.06
	4.23 ± 0.21
	5.16 ± 0.06
	2.31 ± 0.08



	HR 6069
	4.98 ± 0.07
	7.21 ± 0.05
	7.24 ± 0.10
	4.66 ± 0.05
	6.05 ± 0.06
	3.88 ± 0.17
	4.55 ± 0.20
	1.87 ± 0.08



	HR 6180
	5.35 ± 0.14
	7.43 ± 0.05
	7.49 ± 0.10
	4.88 ± 0.10
	6.29 ± 0.07
	4.44 ± 0.27
	4.99 ± 0.55
	1.91 ± 0.12



	HD 145310
	5.45 ± 0.09
	7.58 ± 0.05
	7.64 ± 0.11
	5.02 ± 0.09
	6.46 ± 0.07
	4.72 ± 0.23
	4.99 ± 0.32
	2.18 ± 0.11



	HD 144903
	5.25 ± 0.06
	7.44 ± 0.05
	7.44 ± 0.10
	4.82 ± 0.05
	6.28 ± 0.06
	4.26 ± 0.21
	4.93 ± 0.37
	2.17 ± 0.09



	HD 148374
	5.28 ± 0.06
	7.50 ± 0.05
	7.56 ± 0.08
	4.91 ± 0.05
	6.34 ± 0.06
	4.24 ± 0.19
	5.04 ± 0.05
	2.27 ± 0.07



	HD 150142
	5.16 ± 0.07
	7.33 ± 0.05
	7.37 ± 0.11
	4.77 ± 0.11
	6.22 ± 0.07
	4.40 ± 0.31
	4.93 ± 0.59
	1.98 ± 0.12



	HD 147764
	5.26 ± 0.06
	7.50 ± 0.05
	7.52 ± 0.11
	4.89 ± 0.05
	6.32 ± 0.06
	4.28 ± 0.19
	4.78 ± 0.34
	2.25 ± 0.09



	υ Dra
	5.17 ± 0.08
	7.43 ± 0.04
	7.44 ± 0.09
	4.82 ± 0.04
	6.27 ± 0.06
	4.20 ± 0.24
	4.69 ± 0.39
	2.20 ± 0.10



	HD 148978
	5.05 ± 0.07
	7.30 ± 0.05
	7.31 ± 0.10
	4.74 ± 0.05
	6.15 ± 0.06
	4.01 ± 0.15
	4.52 ± 0.23
	1.92 ± 0.10



	HD 149843
	5.32 ± 0.07
	7.54 ± 0.05
	7.56 ± 0.11
	4.98 ± 0.05
	6.45 ± 0.07
	4.38 ± 0.24
	5.24 ± 0.07
	2.17 ± 0.10



	HD 137292
	5.56 ± 0.08
	7.75 ± 0.05
	7.74 ± 0.12
	5.21 ± 0.07
	6.67 ± 0.07
	4.82 ± 0.23
	5.21 ± 0.49
	2.39 ± 0.12



	HD 138852
	4.98 ± 0.06
	7.21 ± 0.05
	7.24 ± 0.09
	4.67 ± 0.05
	6.07 ± 0.06
	3.92 ± 0.15
	4.54 ± 0.29
	1.89 ± 0.09



	HD 145742
	5.28 ± 0.07
	7.49 ± 0.05
	7.51 ± 0.11
	4.92 ± 0.05
	6.34 ± 0.07
	4.23 ± 0.17
	4.85 ± 0.23
	2.23 ± 0.10



	HR 5844
	5.46 ± 0.13
	7.48 ± 0.05
	7.41 ± 0.10
	4.97 ± 0.10
	6.43 ± 0.07
	4.49 ± 0.41
	5.10 ± 0.61
	1.98 ± 0.12



	HD 138301
	5.03 ± 0.07
	7.26 ± 0.05
	7.29 ± 0.10
	4.71 ± 0.05
	6.14 ± 0.06
	4.07 ± 0.18
	5.39 ± 0.54
	1.85 ± 0.09



	ε Dra
	4.82 ± 0.06
	7.07 ± 0.04
	7.09 ± 0.08
	4.54 ± 0.05
	5.90 ± 0.05
	3.71 ± 0.16
	4.40 ± 0.06
	1.73 ± 0.08



	HD 194298
	4.86 ± 0.21
	7.12 ± 0.21
	7.45 ± 0.14
	4.47 ± 0.14
	5.94 ± 0.22
	4.01 ± 0.44
	4.08 ± 0.19
	1.95 ± 0.23





        


	Star
	Zr I
	Zr II
	Ba
	La
	Ce
	Eu
	[α/Fe]





	BY Dra
	…
	…
	…
	…
	…
	…
	…



	HD 135119
	…
	…
	…
	…
	…
	…
	…



	HD 135143
	…
	2.59 ± 0.03
	2.00 ± 0.04
	…
	1.73 ± 0.03
	…
	0.03 ± 0.04



	HD 138916
	…
	…
	…
	…
	…
	…
	…



	HD 139797
	…
	2.72 ± 0.03
	2.09 ± 0.05
	…
	…
	0.41 ± 0.03
	0.09 ± 0.04



	HD 140341
	…
	…
	…
	…
	…
	…
	…



	HD 142006
	…
	2.53 ± 0.15
	1.85 ± 0.05
	…
	…
	…
	0.09 ± 0.04



	HD 142089
	…
	2.29 ± 0.09
	2.10 ± 0.07
	0.65 ± 0.22
	1.09 ± 0.15
	…
	0.08 ± 0.05



	HD 144061
	2.58 ± 0.03
	2.43 ± 0.14
	1.83 ± 0.06
	1.11 ± 0.13
	…
	0.31 ± 0.04
	0.09 ± 0.04



	HD 145710
	…
	…
	…
	…
	…
	…
	…



	HD 150826
	…
	…
	…
	…
	…
	…
	…



	HD 155859
	…
	2.69 ± 0.03
	1.99 ± 0.03
	1.28 ± 0.15
	1.49 ± 0.03
	0.60 ± 0.03
	0.07 ± 0.04



	HD 160052
	…
	2.63 ± 0.11
	1.61 ± 0.12
	1.43 ± 0.08
	1.57 ± 0.09
	0.62 ± 0.04
	0.21 ± 0.05



	HD 160076
	…
	…
	…
	…
	…
	…
	…



	HD 160605
	2.56 ± 0.05
	…
	2.13 ± 0.04
	1.49 ± 0.10
	1.92 ± 0.05
	0.69 ± 0.02
	0.07 ± 0.04



	HD 161897
	2.61 ± 0.03
	2.70 ± 0.07
	1.95 ± 0.05
	1.50 ± 0.04
	1.55 ± 0.03
	0.53 ± 0.03
	0.08 ± 0.04



	HD 162524
	…
	…
	2.58 ± 0.06
	…
	…
	…
	0.08 ± 0.06



	HD 165700
	…
	…
	…
	…
	…
	…
	…



	HD 175225
	…
	2.78 ± 0.08
	2.17 ± 0.01
	1.31 ± 0.14
	1.51 ± 0.09
	0.70 ± 0.02
	0.08 ± 0.04



	HD 176841
	…
	2.69 ± 0.02
	2.16 ± 0.02
	1.63 ± 0.02
	1.66 ± 0.02
	0.66 ± 0.02
	0.02 ± 0.04



	HD 180005
	…
	…
	…
	…
	…
	…
	…



	HD 180712
	…
	…
	2.10 ± 0.03
	1.57 ± 0.03
	1.68 ± 0.03
	…
	0.02 ± 0.05



	HD 192438
	…
	…
	…
	…
	…
	…
	…



	HD 199019
	…
	…
	2.25 ± 0.03
	…
	…
	…
	0.04 ± 0.06



	VX UMi
	…
	…
	…
	…
	…
	…
	…



	ψ01 Dra A
	…
	2.51 ± 0.02
	2.30 ± 0.03
	…
	…
	…
	0.13 ± 0.04



	ψ01 Dra B
	…
	2.64 ± 0.03
	2.15 ± 0.02
	1.29 ± 0.01
	1.73 ± 0.01
	0.61 ± 0.01
	0.05 ± 0.04



	11 UMi
	2.47 ± 0.07
	…
	2.34 ± 0.05
	1.23 ± 0.16
	1.61 ± 0.08
	0.69 ± 0.05
	0.04 ± 0.04



	HD 136919
	2.45 ± 0.07
	2.72 ± 0.06
	2.18 ± 0.07
	1.25 ± 0.06
	1.72 ± 0.07
	0.72 ± 0.06
	0.02 ± 0.04



	HD 138020
	2.02 ± 0.09
	…
	1.81 ± 0.09
	0.76 ± 0.09
	1.23 ± 0.10
	0.47 ± 0.08
	0.21 ± 0.05



	20 UMi
	2.50 ± 0.07
	2.92 ± 0.05
	2.36 ± 0.06
	1.26 ± 0.07
	1.83 ± 0.08
	0.77 ± 0.05
	0.03 ± 0.05



	HD 138116
	2.38 ± 0.07
	2.55 ± 0.07
	2.02 ± 0.08
	1.18 ± 0.07
	1.68 ± 0.09
	0.69 ± 0.07
	0.05 ± 0.05



	HD 143641
	2.53 ± 0.08
	2.72 ± 0.06
	2.21 ± 0.09
	1.28 ± 0.07
	1.75 ± 0.09
	0.76 ± 0.06
	0.01 ± 0.05



	HD 142961
	2.55 ± 0.11
	2.68 ± 0.08
	2.39 ± 0.09
	1.36 ± 0.10
	1.73 ± 0.09
	0.67 ± 0.08
	0.05 ± 0.05



	HD 150275
	1.88 ± 0.09
	2.16 ± 0.06
	1.61 ± 0.09
	0.65 ± 0.07
	1.02 ± 0.08
	0.41 ± 0.06
	0.31 ± 0.05



	HD 151698
	1.89 ± 0.08
	2.23 ± 0.07
	1.68 ± 0.09
	0.63 ± 0.07
	1.05 ± 0.10
	0.39 ± 0.07
	0.30 ± 0.05



	HD 155153
	2.71 ± 0.09
	2.92 ± 0.07
	2.49 ± 0.08
	1.47 ± 0.09
	1.85 ± 0.08
	0.90 ± 0.07
	0.00 ± 0.05



	HR 6069
	2.36 ± 0.08
	2.53 ± 0.07
	2.09 ± 0.09
	1.12 ± 0.09
	1.54 ± 0.09
	0.59 ± 0.07
	0.08 ± 0.05



	HR 6180
	2.38 ± 0.07
	…
	2.18 ± 0.07
	1.18 ± 0.09
	1.72 ± 0.09
	0.68 ± 0.05
	0.04 ± 0.05



	HD 145310
	2.60 ± 0.07
	…
	2.46 ± 0.06
	1.36 ± 0.11
	1.95 ± 0.09
	0.84 ± 0.06
	0.00 ± 0.05



	HD 144903
	2.48 ± 0.08
	…
	2.39 ± 0.07
	1.33 ± 0.06
	1.85 ± 0.09
	0.79 ± 0.06
	0.01 ± 0.05



	HD 148374
	2.65 ± 0.09
	2.94 ± 0.06
	2.46 ± 0.08
	1.44 ± 0.09
	1.86 ± 0.07
	0.88 ± 0.06
	0.02 ± 0.05



	HD 150142
	2.48 ± 0.06
	…
	2.32 ± 0.06
	1.14 ± 0.08
	1.63 ± 0.08
	0.65 ± 0.06
	0.11 ± 0.05



	HD 147764
	2.63 ± 0.07
	2.73 ± 0.07
	2.36 ± 0.08
	1.41 ± 0.07
	1.87 ± 0.08
	0.83 ± 0.07
	−0.01 ± 0.05



	υ Dra
	2.50 ± 0.06
	2.84 ± 0.05
	2.50 ± 0.06
	1.37 ± 0.07
	1.83 ± 0.07
	0.80 ± 0.05
	0.03 ± 0.05



	HD 148978
	2.35 ± 0.07
	2.62 ± 0.07
	2.21 ± 0.08
	1.15 ± 0.08
	1.58 ± 0.08
	0.61 ± 0.07
	0.05 ± 0.05



	HD 149843
	2.60 ± 0.08
	…
	2.42 ± 0.08
	1.39 ± 0.09
	1.85 ± 0.09
	0.88 ± 0.07
	0.00 ± 0.05



	HD 137292
	2.71 ± 0.09
	2.94 ± 0.07
	2.42 ± 0.08
	1.51 ± 0.11
	2.05 ± 0.08
	1.05 ± 0.06
	−0.03 ± 0.05



	HD 138852
	2.34 ± 0.07
	2.57 ± 0.07
	2.22 ± 0.08
	1.12 ± 0.07
	1.56 ± 0.08
	0.55 ± 0.07
	0.07 ± 0.05



	HD 145742
	2.55 ± 0.08
	2.81 ± 0.08
	2.37 ± 0.08
	1.38 ± 0.09
	1.82 ± 0.09
	0.87 ± 0.07
	0.02 ± 0.05



	HR 5844
	2.49 ± 0.06
	…
	2.25 ± 0.06
	1.16 ± 0.10
	1.59 ± 0.09
	0.73 ± 0.05
	0.07 ± 0.05



	HD 138301
	2.24 ± 0.08
	2.52 ± 0.07
	2.11 ± 0.09
	1.10 ± 0.07
	1.51 ± 0.08
	0.63 ± 0.07
	0.08 ± 0.05



	ε Dra
	2.22 ± 0.07
	2.41 ± 0.06
	2.12 ± 0.08
	1.00 ± 0.07
	1.45 ± 0.07
	0.48 ± 0.07
	0.06 ± 0.04



	HD 194298
	2.26 ± 0.34
	…
	2.17 ± 0.20
	0.84 ± 0.14
	1.37 ± 0.19
	0.16 ± 0.07
	0.13 ± 0.14





      

    

  
    
      Table A.6 

      Oxygen and potassium NLTE abundances (A(O) logarithmic O abundance from the NIR triplet; error for A(O); A(K) logarithmic K abundance from the 7699 Å line; error for A(K)).

      
        


	Star
	A(O I NIR)
	error
	A(K I 7699)
	error





	BY Dra
	…
	…
	…
	…



	HD 135119
	…
	…
	…
	…



	HD 135143
	8.76
	0.05
	4.76
	0.05



	HD 138916
	…
	…
	…
	…



	HD 139797
	8.67
	0.05
	5.03
	0.06



	HD 140341
	…
	…
	…
	…



	HD 142006
	8.42
	0.05
	4.84
	0.16



	HD 142089
	8.67
	0.06
	4.88
	0.06



	HD 144061
	8.57
	0.04
	4.83
	0.07



	HD 145710
	…
	…
	…
	…



	HD 150826
	…
	…
	…
	…



	HD 155859
	8.67
	0.05
	4.90
	0.08



	HD 160052
	8.42
	0.07
	4.36
	0.15



	HD 160076
	…
	…
	…
	…



	HD 160605
	8.88
	0.08
	4.57
	0.03



	HD 161897
	8.74
	0.04
	4.90
	0.04



	HD 162524
	9.00
	0.09
	5.26
	0.07



	HD 165700
	…
	…
	…
	…



	HD 175225
	8.90
	0.05
	4.89
	0.03



	HD 176841
	8.97
	0.04
	4.93
	0.03



	HD 180005
	…
	…
	…
	…



	HD 180712
	8.70
	0.04
	4.64
	0.24



	HD 192438
	…
	…
	…
	…



	HD 1990191
	8.80
	0.06
	…
	…



	VX UMi
	…
	…
	…
	…



	ψ01 Dra A
	8.67
	0.03
	5.04
	0.02



	ψ01 Dra B
	8.68
	0.02
	5.03
	0.02



	11 UMi
	…
	…
	4.77
	0.04



	HD 136919
	8.81
	0.11
	4.57
	0.06



	HD 138020
	…
	…
	4.71
	0.05



	20 UMi
	…
	…
	4.79
	0.05



	HD 138116
	8.83
	0.12
	4.79
	0.06



	HD 143641
	8.85
	0.12
	4.60
	0.07



	HD 142961
	8.60
	0.12
	4.81
	0.09



	HD 150275
	8.58
	0.09
	4.64
	0.08



	HD 151698
	8.72
	…
	4.52
	0.07



	HD 155153
	8.90
	0.14
	5.03
	0.06



	HR 6069
	8.59
	0.11
	4.72
	0.08



	HR 6180
	…
	…
	4.75
	0.06



	HD 145310
	9.12
	…
	4.83
	0.06



	HD 144903
	8.88
	0.12
	4.84
	0.07



	HD 148374
	8.89
	0.10
	5.04
	0.06



	HD 150142
	…
	…
	4.70
	0.04



	HD 147764
	8.86
	0.13
	4.87
	0.07



	υ Dra
	8.87
	0.13
	4.84
	0.06



	HD 148978
	8.67
	0.10
	4.71
	0.08



	HD 149843
	8.87
	0.13
	5.05
	0.07



	HD 137292
	9.13
	0.15
	4.96
	0.07



	HD 138852
	8.56
	0.11
	4.69
	0.07



	HD 145742
	8.81
	0.13
	4.97
	0.08



	HR 5844
	…
	…
	4.86
	0.04



	HD 138301
	8.68
	0.11
	4.72
	0.08



	ε Dra
	8.37
	0.10
	4.60
	0.06



	HD 1942981
	…
	…
	…
	…





      

      
Notes.1 Effective temperature and/or micro turbulence is outside the available NLTE correction grid.




    

  
    
      Table A.7 

      Li abundance and Li and C isotope ratios: Li logarithmic 1D LTE Li abundance; 6Li/7Li lithium isotope ratio; ΔLi Li 3D NLTE correction; and 12C/13C carbon isotope ratio.

      
        


	Star
	A(Li)
	6Li/7 Li
	ΔLi
	12C/13C





	Sun
	+1.03 ±0.01
	0.00
	0.095
	110±30



	BY Dra1
	−0.16±0.16
	…
	…
	…



	HD 1351192
	−0.03 ±0.05
	…
	…
	…



	HD 135143
	+2.26±0.01
	0.00
	0.083
	…



	HD 1389162
	−0.19±0.43
	…
	…
	…



	HD 139797
	+1.72±0.02
	0.00
	0.065
	…



	HD 1403412
	+2.25±0.18
	…
	…
	…



	HD 142006
	+2.33±0.01
	6.7±0.8
	0.036
	…



	HD 142089
	+2.24±0.03
	0.00
	0.041
	…



	HD 144061
	+1.60±0.03
	0.00
	0.082
	…



	HD 1457102
	…
	…
	…
	…



	HD 1508262
	−0.5±0.5
	…
	…
	…



	HD 155859
	+2.40±0.01
	1.8±0.7
	0.057
	…



	HD 160052
	+2.19±0.03
	0.00
	0.053
	…



	HD 160076
	+2.20±0.05
	0.00
	0.048
	…



	HD 160605
	−0.09±0.19
	0.00
	…
	40±20



	HD 161897
	−0.07±0.4
	0.00
	…
	…



	HD 162524
	+2.56±0.01
	0.00
	0.025
	…



	HD 1657001
	+1.79±0.09
	0.00
	0.026
	…



	HD 175225
	+1.22±0.03
	0.00
	0.206
	99±39



	HD 176841
	+1.70±0.03
	0.00
	…
	…



	HD 1800052
	+0.73±1.1
	…
	…
	…



	HD 180712
	+2.25±0.01
	0.00
	0.064
	…



	HD 1924382
	+0.72±1.6
	…
	…
	…



	HD 199019
	+2.10±0.02
	0.00
	0.076
	…



	VX UMi2
	−0.01±0.01
	…
	…
	…



	ψ01 Dra A
	+2.56±0.01
	0.00
	0.026
	…



	ψ01 Dra B
	+2.74±0.01
	0.00
	0.037
	…



	11 UMi
	−0.60±0.03
	0.00
	…
	14.8±1.3



	HD 136919
	−0.23±0.09
	0.00
	…
	23±4



	HD 138020
	−0.93±0.07
	0.00
	…
	9.2±0.6



	20 UMi
	−0.43±0.01
	0.00
	…
	15.0±1.8



	HD 138116
	+0.35±0.01
	0.00
	…
	25±5



	HD 143641
	−0.14±0.04
	0.00
	…
	29±6



	HD 142961
	+0.27±0.01
	0.00
	…
	20±4



	HD 150275
	−0.28±0.05
	0.00
	…
	…



	HD 151698
	−0.87±0.13
	0.00
	…
	≈13



	HD 155153
	+0.80±0.01
	0.00
	…
	22±4



	HR 6069
	−0.43±0.01
	0.00
	…
	≈9±1



	HR 6180
	−0.56±0.05
	0.00
	…
	29±10



	HD 145310
	−0.07±0.01
	0.00
	…
	32±8



	HD 144903
	+1.11±0.01
	0.00
	…
	11.6±1.0



	HD 148374
	+0.49±0.02
	0.00
	…
	20.5±3



	HD 150142
	−0.57±0.01
	0.00
	…
	14.0±1.4



	HD 147764
	+0.45±0.01
	0.00
	…
	13.6±1.3



	υ Dra
	0.00±0.01
	0.00
	…
	26±7



	HD 148978
	+0.69±0.01
	0.00
	…
	11.2±1.0



	HD 149843
	+1.89±0.01
	0.00
	…
	16.1±1.9



	HD 137292
	+0.81±0.01
	0.00
	…
	20.7±3



	HD 138852
	−0.26±0.05
	0.00
	…
	8.9±0.8



	HD 145742
	−0.05±0.02
	0.00
	…
	16.3±2.0



	HR 5844
	−0.36±0.01
	0.00
	…
	17.8±3.1



	HD 138301
	−0.54±0.03
	0.00
	…
	11.7±1.1



	є Dra
	−0.25±0.01
	0.00
	…
	≈8



	HD 194298
	+0.19±0.02
	0.00
	…
	16.6±3





      

      
Notes. ALi is the 3D NLTE correction according to Mott et al. (2020) to be added to A(Li) for a 3D NLTE Li abundance.1 Target is SB2, value is an estimate for the primary. 2Spectral lines are very broad.




    

  
    
      Table A.8 

      Absolute emission line fluxes (W(Hβ) Hβ equivalent width; W(Hi)/W(Hα) ratio of equivalent widths; ℱHα absolute emission-line flux in Ha; ℱIRT absolute emission-line fluxes for the three IRT lines IRT-1 (8498 Å), IRT-2 (8542 Å), and IRT-3 (8662 Å), respectively; log RIRT logarithmic total radiative loss in the Ca II infrared triplet lines).

      
        


	Star
	(B − V)0
	W (Hβ)
	W (Hβ)/W (Hα)
	ℱHα
	ℱIRT−1
	ℱIRT−2
	ℱIRT−3
	log RIRT



	
	(mag)
	(mÅ)
	(−)
	
	(105 erg cm−2 s−1)
	
	[image: equation]





	BY Dra
	1.40
	769±32
	0.64
	…
	…
	…
	…
	…



	HD 135119
	0.33
	431±4
	0.91
	35.5±8.9
	40.8±7.9
	27.9±6.4
	30.1±6.5
	−4.16



	HD 135143
	0.66
	324±6
	1.30
	16.5±2.7
	21.5±3.0
	15.1±2.2
	15.8±2.2
	−4.06



	HD 138916
	0.36
	554±2
	1.07
	42.3±8.8
	42.8±7.9
	30.4±7.0
	34.7±6.9
	−4.07



	HD 139797
	0.65
	318±10
	1.33
	16.1±2.5
	20.7±3.2
	13.7±2.0
	14.6±2.1
	−4.09



	HD 140341
	0.43
	485±16
	1.06
	27.7±6.6
	33.2±6.5
	21.1±5.0
	24.4±5.4
	−4.13



	HD 142006
	0.53
	289±6
	1.21
	21.8±3.5
	27.4±3.8
	19.1±2.8
	19.9±2.8
	−4.09



	HD 142089
	0.54
	294±10
	1.21
	21.0±3.1
	25.9±3.8
	17.5±2.6
	18.5±2.8
	−4.11



	HD 144061
	0.69
	324±8
	1.27
	15.9±2.8
	21.5±3.2
	15.6±2.4
	16.0±2.4
	−4.02



	HD 145710
	0.43
	443±20
	1.14
	15.1±5.9
	27.4±6.4
	16.2±4.9
	16.7±5.3
	−4.25



	HD 150826
	0.51
	312±13
	1.07
	21.0±3.4
	26.7±4.3
	17.1±3.3
	18.8±3.2
	−4.13



	HD155859
	0.61
	282±7
	1.25
	16.9±3.1
	22.5±3.2
	15.0±2.1
	15.9±2.3
	−4.09



	HD 160052
	0.42
	318±4
	1.24
	30.7±5.3
	39.6±5.5
	32.0±5.1
	32.6±5.2
	−4.02



	HD 160076
	0.35
	382±6
	1.11
	29.3±6.6
	35.3±6.3
	20.6±5.1
	23.0±5.1
	−4.23



	HD 160605
	1.19
	344±26
	1.40
	4.4±0.9
	7.0±1.0
	4.1±0.6
	4.4±0.7
	−4.18



	HD 161897
	0.81
	343±6
	1.29
	12.3±2.2
	17.5±2.4
	12.8±1.8
	12.9±1.8
	−4.01



	HD162524
	0.55
	358±14
	1.39
	19.8±3.2
	25.8±4.0
	17.1±2.7
	18.6±2.9
	−4.10



	HD165700
	0.51
	215±2
	0.71
	…
	…
	…
	…
	…



	HD 175225
	0.95
	329±11
	1.21
	8.8±1.5
	11.5±1.6
	7.4±1.1
	7.6±1.1
	−4.11



	HD 176841
	0.75
	307±9
	1.28
	12.8±2.3
	17.1±2.4
	11.6±1.7
	12.1±1.8
	−4.08



	HD 180005
	0.36
	564±9
	1.02
	47.4±9.3
	44.3±8.1
	33.8±7.0
	35.4±6.9
	−4.06



	HD 180712
	0.68
	325±9
	1.27
	16.2±2.6
	21.9±3.2
	15.8±2.3
	15.8±2.3
	−4.03



	HD 192438
	0.40
	358±7
	0.94
	19.6±6.0
	30.9±6.3
	19.1±5.2
	21.3±5.0
	−4.21



	HD 199019
	0.87
	392±2
	1.03
	14.9±2.1
	19.4±2.8
	16.5±2.5
	15.8±2.6
	−3.88



	VX UMi
	0.31
	641±16
	1.06
	62.4±11.9
	50.1±9.2
	41.2±8.1
	42.5±8.1
	−4.05



	ψ01 Dra A
	0.46
	244±7
	0.96
	26.2±3.7
	29.7±4.2
	19.5±2.9
	21.0±3.1
	−4.15



	ψ01 Dra B
	0.56
	270±5
	1.16
	19.7±3.3
	24.8±3.4
	17.0±2.4
	18.0± 2.5
	−4.12



	11 UMi
	1.63
	252±27
	1.16
	1.3±0.3
	2.2±0.4
	1.1±0.2
	1.2±0.3
	−4.36



	HD 136919
	1.20
	308±18
	1.31
	4.1±0.8
	6.6±0.9
	3.8±0.6
	4.0±0.6
	−4.21



	HD 138020
	1.62
	199±34
	1.02
	1.2±0.2
	2.5±0.4
	1.3±0.2
	1.4±0.3
	−4.33



	20 UMi
	1.55
	255±26
	1.17
	1.6±0.3
	2.7±0.5
	1.4±0.3
	1.5±0.3
	−4.36



	HD138116
	1.23
	301±19
	1.28
	3.7±0.7
	6.0±0.0
	3.5±0.5
	3.6±0.6
	−4.22



	HD 143641
	1.22
	310±17
	1.31
	3.9±0.8
	6.4±0.0
	3.8±0.6
	4.0±0.6
	−4.20



	HD 142961
	1.08
	269±19
	1.23
	5.1±0.9
	7.3±1.1
	4.4±0.7
	4.7±0.8
	−4.23



	HD 150275
	1.14
	296±22
	1.29
	4.6±0.8
	7.5±1.1
	4.3±0.7
	4.7±0.7
	−4.18



	HD 151698
	1.22
	290±24
	1.27
	3.7±0.7
	6.1±0.9
	3.4±0.5
	3.7±0.6
	−4.23



	HD 155153
	1.15
	272±18
	1.23
	4.3±0.8
	5.9±0.9
	3.4±0.6
	3.6±0.6
	−4.28



	HR 6069
	1.16
	269±22
	1.25
	4.2±0.8
	6.6±1.0
	3.8±0.6
	4.0±0.6
	−4.23



	HR 6180
	1.60
	297±23
	1.25
	1.5±0.3
	2.7±0.4
	1.4±0.3
	1.5±0.3
	−4.31



	HD 145310
	1.47
	291±24
	1.23
	2.1±0.4
	3.4±0.5
	1.8±0.3
	1.9±0.4
	−4.33



	HD 144903
	1.38
	272±24
	1.21
	2.5±0.5
	3.9±0.6
	2.1±0.4
	2.3±0.4
	−4.32



	HD 148374
	1.11
	276±19
	1.19
	5.0±0.9
	6.9±1.0
	4.0±0.6
	4.3±0.7
	−4.24



	HD 150142
	1.64
	242±29
	1.12
	1.2±0.2
	2.2±0.4
	1.1±0.2
	1.2±0.3
	−4.36



	HD 147764
	1.20
	289±20
	1.24
	4.0±0.8
	5.8±0.9
	3.2±0.5
	3.5±0.6
	−4.26



	υ Dra
	1.35
	272±23
	1.22
	2.7±0.5
	4.1±0.6
	2.2±0.4
	2.3±0.4
	−4.33



	HD 148978
	1.20
	281±22
	1.25
	3.9±0.7
	6.1±0.9
	3.4±0.5
	3.6±0.6
	−4.24



	HD 149843
	1.21
	290±17
	1.23
	4.0±0.8
	5.7±0.8
	3.2±0.5
	3.4±0.5
	−4.27



	HD 137292
	1.37
	307±18
	1.23
	2.8±0.5
	4.0±0.6
	2.2±0.4
	2.3±0.4
	−4.31



	HD138852
	1.13
	274±21
	1.24
	4.5±0.8
	7.0±1.0
	4.0±0.6
	4.3±0.7
	−4.22



	HD 145742
	1.23
	285±20
	1.24
	3.7±0.7
	5.4±0.8
	3.1±0.5
	3.2±0.5
	−4.27



	HR 5844
	1.65
	245±27
	1.14
	1.2±0.3
	2.1±0.4
	1.0±0.2
	1.1±0.2
	−4.37



	HD 138301
	1.19
	276±22
	1.23
	3.9±0.7
	6.3±0.9
	3.5±0.6
	3.7±0.7
	−4.24



	ε Dra
	1.06
	271±21
	1.24
	5.4±1.0
	8.4±1.2
	4.9±0.8
	5.3±0.8
	−4.18



	HD 1942981
	1.85
	197±32
	1.05
	…
	…
	…
	…
	…





      

      
Notes.1 Target (B − V)0 is out of available calibration range.




    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Comparison of results from the ParSES spectrum synthesis and the EW method (EW) for the STELLA+SES giant-star pilot sample. The four panels show, from top left to bottom right, effective temperature (Teff), logarithmic gravity (log g), microturbulence (ξ), and logarithmic metallicity ([Fe/H]). The respective thick red line in each panel represents the mean difference and its ±1σ values (dashed red lines) also given numerically in the top of each panel. The black dashed line is the zero difference line. The dots are the individual target results with their ± 1σ error bars. See text for details.

      

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
        Comparison between spectral synthesis and EW-method results for the VATT+PEPSI dwarf-star pilot sample. Only stars with υ sin i < 20 km s−1 were used for this comparison. Also note that there are five giants within this sample. Otherwise, the details are the same as in Fig. C.1.
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