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Abstract

Context. Analyses of stellar spectra, stellar populations, and transit light curves rely on grids of synthetic spectra and center-to-limb variations (limb darkening) from model stellar atmospheres. Extensive model grids from PHOENIX, a generalized non-local thermodynamic equilibrium (NLTE) 1D and 3D stellar atmosphere code, have found widespread use in the astronomical community, however current PHOENIX/1D models have been substantially improved over the last decade.

Aims. To make these improvements available to the community, we have constructed the NewEra LTE model grid consisting of 37438 models with 2300 K ≤ Teff ≤ 12 000 K, 0.0 ≤ log (g) ≤ 6.0, metallicities [M/H] from −4.0 to +0.5, and for metallicities −2.0 ≤ [M/H] ≤ 0.0 additional α element variations from −0.2 ≤ [α/Fe] ≤ + 1.2 are included.

Methods. The models use databases of 851 million atomic lines and 834 billion molecular lines and employ the Astrophysical Chemical Equilibrium Solver for the equation of state. All models in the NewEra grid have been calculated in spherical symmetry because center-to-limb variation differences from plane-parallel models are quite large for giants and not insignificant for dwarfs.

Results. All model data are provided in the Hierarchical Data Format 5 (HDF5) format, including low and high sampling rate spectra. These files also include a variety of details about the models, such as the exact abundances and isotopic patterns used and results of the atomic and molecular line selection.

Conclusions. Although the model structures have small differences with the previous grid generation, the spectra show significant differences, mostly due to the updates of the molecular line lists.
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1 Introduction
PHOENIX (Hauschildt et al. 1997; Hauschildt & Baron 1999), currently at version 20, is a generalized non-local thermodynamic equilibrium (NLTE) 1D and 3D stellar atmosphere code that has been used for a variety of astrophysical sources including stars (Fuhrmeister et al. 2005, 2010; Passegger et al. 2018), irradiated planets (Barman et al. 2002; Hauschildt et al. 2008; Peacock et al. 2019), novae (Short et al. 2001) supernovae (Mitchell et al. 2002; Baron et al. 2003; Friesen et al. 2017; DerKacy et al. 2020), and AGN (Casebeer et al. 2008). PHOENIX/1D has been used to compute grids of stellar atmosphere models (Barman et al. 2000; Allard & Hauschildt 1995; Hauschildt et al. 1999a,b; Husser et al. 2013) for modeling and analysis of stellar spectra. These model grids have found widespread use in the astronomical community (for example, Smitha et al. 2025; Madore et al. 2025; Savel et al. 2025; Barnes et al. 2024; Passegger et al. 2019; Delgado et al. 2016; Shporer et al. 2014); however, PHOENIX/1D models have substantially improved over the last decade.
Therefore, we present here the NewEra local thermodynamic equilibrium (LTE) grid of spherically symmetric stellar models, computed with the latest version of PHOENIX/1D and the corresponding set of input physical data. An NLTE version of the grid is in preparation and will be discussed in a subsequent paper. As for the previous model grids, the purpose of this grid is to aid in the analyses of stellar spectra, modeling stellar populations, and applications such as transit light curve modeling. The results are available online (see Section 6) in detailed and compact Gaia DR4 formats for different use cases. The NewEra grid covers a similar parameter range as the ACES grid (Husser et al. 2013) and follows the same mass − Teff−log (g) relation.
2 Equation of state: ACES
The Astrophysical Chemical Equilibrium Solver (ACES, Barman et al. 2011) equation of state has been used in PHOENIX beginning with version 16 and the ACES grid (Husser et al. 2013). ACES is a state-of-the-art treatment of the chemical equilibrium in a stellar atmosphere. The method is based upon that of Smith & Missen (1982) incorporating new experimental and theoretical thermodynamic data (Barman et al. 2011) for 839 species (84 elements, 289 ions, 249 molecules, 217 condensates) with all available data updates applied. Chemical equilibrium concentrations for all atomic and molecular species (the species are selected at run time) are determined by the pressure, temperature, and density. This calculation is repeated at each layer in the atmosphere for each model iteration so that the final structure is self-consistent.
3 Line list data
3.1 Atomic lines
For the atomic lines, we use the database from Kurucz (Kurucz 2017, 1992) including all updates up to 2019. This results in a database of about 851 million lines from a total of 389 atoms and ions from H I up to U II (with gaps). The largest contributor by number of lines is Rh V with about 37.5 million lines or 4.4% of the total number of lines, however, this represents a negligible source of opacity for the conditions that we consider in this model grid. For the line opacities, the opacities due to iron-group elements such as Fe, Co, Ni are the most important. In order to dynamically account for the most important opacity sources, we use a line selection procedure that is an evolution of the procedure used in Allard & Hauschildt (1995): for each model and each line in the database its opacity in the line center is compared to the local continuous (bound-free and free-free) opacity at a prescribed number of reference layers in the current (T, Pg) structure. If the ratio of line to continuous opacity is larger than a given parameter (in the NewEra grid this is set to 10−4) for at least one of the reference layers, the line will be included in the calculation, otherwise it will be ignored. In addition, a further test is made so that lines with a ratio of line to continuum opacity larger than a second parameter (in the NewEra grid this is set to 1) for at least one of the reference layers will be considered with individual Voigt profiles, whereas for the weaker lines (line/continuum <1), Gauss profiles are used. With this procedure the total number of atomic lines varies from about 8 × 105 (around Teff = 2300 K) to 2.5 × 106 (around Teff = 5000 K) where about 10% of the selected lines are very strong lines with individual Voigt profiles.
Table 1 
Molecular lines and their sources used in the NewEra model grid.


3.2 Molecular lines
The molecular line database is significantly different compared to the Husser et al. (2013) model grid. The vast majority of the molecular lines are from the Exomol database (Tennyson et al. 2016). The full list of all molecular lines and their sources used in this work are given in Tables 1 and 2.
The combined molecular line list contains about 823.8 billion individual lines with transition probabilities >0. In order to reduce the size of the line list and to save processing time, we have created a sub-list by the following procedure: for each of the Exomol species and for each provided wavelength band data file individually, we estimate the total line opacity at infinite temperature per molecule and include all lines that contribute more than 10−3 to 10−4 (depending on species) to the estimated total. This procedure results in a list with about 228.9 billion lines. Furthermore, for the model parameters covered by the grid presented here, in particular for Teff ≥ 2300 K, a number of molecules are not present in the atmospheres. When we omit these lines from the list, we obtain a small list with only about 20.5 billion lines. At a nominal resolution of 25 Å the differences between spectra of a model (Teff = 2300 K, log (g) = 4.5, solar abundances) with the full (823.8 G lines) and the smallest (20.5 G) line lists peak around 4 μm with a maximum flux difference less than 0.4%.
4 Model grid description
The new model grid follows the parameters and setup of Husser et al. (2013), this includes the Teff−log (g) – (mixing length, mass) relations, the base solar abundances used, and the abundance pattern variations. The overall parameter range provided is 2300 K ≤ Teff ≤ 12 000 K (with 100 K steps below 8000 K and 200 K steps above 8000 K), 0.0 ≤ log (g) ≤ 6.0 (with steps of 0.5 dex) and metallicities [M/H] from −4.0 to +0.5 in steps of 0.5 dex. For [M/H] from −2.0 to 0.0 we provide additional α element variations from −0.2 to +1.2 with 0.2 dex steps for a subset of the (Teff, log (g)) parameters of the model grid.
The model grid is not ‘square’ in the sense that for any possible parameter combination there is a model available. For example, low gravity models will become unstable against radiation pressure depending on effective temperature and composition. Such non-static models are not included in this grid. For the solar metallicity ([M/H]=0.0) subset, Figure 1 shows which models are available. Overall, 37438 models are included with the data described below.
Table 2 
Molecules used in this work (cont’d).


4.1 Code checks
Computing a model grid on these scales is impractical on local computers and multiple HPC resources were used to compute models and synthetic spectra: Hummel2 (Hamburg), HLRN-4 (Berlin and Göttingen), as well as NERSC (Perlmutter CPU and GPU partitions). Gaps in the model grid (e.g., due to random hardware or I/O problems on the supercomputers) were filled using local resources (M1 Mac Studio, M1 Mac Mini, Linux Xeon PC). Thus, it is very important to verify that these very different systems all produce the same model structure. We have run a number of tests on all systems in order to verify that the results for model iterations agree to better than 10−6 relative accuracy in all quantities saved in the model restart file (e.g., temperatures, gas and electron pressures, densities, opacity averages etc.). These tests included serial and MPI runs (with up to 512 MPI processes), different compilers: gfortran, Intel ifort and ifx, NVIDIA nfortran CPU and GPU (OpenACC and OpenMP/offload), AMD flang and NEC fortran/VE on different CPU/GPU architectures: Apple M1, X86_64, AMD64, NVIDIA A100 GPU, NEC VE. During these tests a number of improvements were implemented (e.g., to make the results of the line selection process completely consistent for different MPI setups) before the model grid was computed.
	[image: thumbnail]	Fig. 1 Available models for solar metallicity in a Hertzsprung-Russell Diagram. The parameters of the models are the effective temperature (on the x-axis), log (g) (indicated next to the series of models for constant log (g)), the metallicity (fixed to [M/H]=0 in this plot) and stellar mass (color coded) following Husser et al. (2013). The luminosity of the models follows from the given parameters. See Section 4 for a discussion of the shape formed by the available models.



	[image: thumbnail]	Fig. 2 Effects of line blanketing on the spectral energy distribution for a NewEra grid model with Teff = 3000 K, log (g) = 5.0, and solar abundances (black line). The structure of the grid model was used to compute the ‘true continuum’, i.e., the SED without any spectral lines included (red line). In addition, the blackbody for the effective temperature is shown in the green curve.



4.2 Effects of line blanketing on the spectra
The effects of the line blanketing on the spectral energy distribution is very large, in particular for models with low effective temperatures. This is shown in Figure 2 for a model with Teff = 3000 K, clearly showing the line blanketing effects for a large wavelength range. The ‘true continuum’ can differ by large factors from the SED with spectral lines included.
4.3 Effects of stellar mass
In the NewEra grid, each model is available for one stellar mass. The effects of varying stellar mass for fixed (Teff, log(g)) are for example discussed in Lester et al. (2017) and Neilson et al. (2022). In Figure 7 we show the effects on the spectral energy distribution of varying the model mass by a factor of 4 for a low gravity NewEra grid model. The radial extension (Rout−Rin)/Rin varies from 20% for 0.5 M⊙ to 16% for 0.93 M⊙ and to 10% for 2.0 M⊙. Depending on the required relative accuracy, models with individualized masses may be needed for low gravities.
4.4 Comparison to previous grids
In Figures 3 and 4, we compare representative spectra in the optical to near-IR for four effective temperatures to up to three previous model generations. All spectra were reduced to a resolution of 25 Å by convolution with a Gaussian for clarity. For Teff = 9800 K and 5000 K the differences between the Husser et al. (2013) and NewEra models are small, mostly due to a different treatment of line dissolution close to ionization edges (hydrogen line dissolution at lower electron pressures calibrated using the results of NLTE modeling of the spectrum of Sirius A, Aufdenberg et al., in prep.). At the two lower effective temperatures the differences are larger. Here the differences between NewEra, Gaia DR1 (Kučinskas et al. 2005) and NextGen (Hauschildt et al. 1999b) are due to vastly different molecular line data, this is visible at all plotted wavelengths. In the near-IR, above about 1.1 μm, at this low resolution the spectra of NewEra and Husser et al. (2013) differ little. This is due to very similar water line data so that the changes at the low resolution are not easily visible. At optical wavelengths the differences are much larger, here the significantly different molecular line data have a large impact on the synthetic spectra. In Figure 5 and 6 we plot the temperature-pressure structures for the different model generations. The differences between the NewEra and ACES structures are small, indicating that the actual flux averaged opacities are quite similar whereas the detailed spectra show significant differences.
4.5 Center-to-limb variation
All models in the NewEra grid have been calculated in spherical symmetry (this is also the case for the previous model grids NextGen, Gaia DR1, and ACES). Although for dwarf models the effects of spherical symmetry on the structure of the atmosphere is small, there are significant effects on the center-to-limb variation (limb darkening, see, for example, Chapman 1966) compared to plane parallel models, as shown in Figure 8. The model calculations are performed on an adaptive computational grid generated so that the outer parts of the model atmosphere are optically thin at all wavelengths. In plane parallel computations the intensities at the limb (μ = 0)1 approach a finite value I(μ = 0) > 0, whereas in spherical symmetry the intensities drop to zero below a wavelength dependent μ threshold as the characteristics (the paths of light) closer to the edge of the star become more and more transparent resulting in large differences compared to plane parallel limb darkening. The μ at which the spherical atmosphere becomes transparent (thus setting the apparent size of the stellar disk) depends on the wavelength due to the variation of the opacities with radius. Thus, the apparent size of the model star is always smaller than the size of the computational grid, that is, the last radial grid point.
This effect is much larger and more complex for giants compared to dwarfs, see Figure 9. Dwarfs with a log (g) = 5 have a much smaller extension of the atmosphere, causing a much better-defined edge of the star compared to the giants with log (g) = 0.0 and 0.5. The larger extension of the giant atmospheres causes both a somewhat slower drop-off in the outer atmosphere and larger electron temperature differences, which in conjunction with the temperature sensitivity of the line opacities causes the apparent size of the star to be more wavelength dependent than is the case for dwarfs. However, even for dwarfs the details of the center-to-limb variation are important for interpreting and modeling, e.g., transit light curves. In applications the PHOENIX/1D limb darkening can match the actual limb darkening in the case of transiting systems (see, for example, Kreidberg et al. 2014, their Extended Data Figure 6).
	[image: thumbnail]	Fig. 3 Grid spectra for model with Teff = 2300, 3000, 5000, 9800 K and log(g) = 5.0, 5.0, 4.5, and 4.5 for solar metallicity respectively, compared to the NextGen (Hauschildt et al. 1999b), Gaia DR1 (Kučinskas et al. 2005), ACES (Husser et al. 2013), and New Era (this work).



4.6 Data provided
All model grid and synthetic spectrum data are provided as HDF5 (.h5) (The HDF Group 1997–2025) files with one file per model. The models are grouped by metallicity [M/H] (for the sake of brevity and filesystem compatibility, Z stands for [M/H] in filenames) and alpha element variation (if different from zero). Thus, all models with solar abundances are in a subdirectory Z–0.0, models with metallicity 10−4 are in the subdirectory Z–4.0 and so on. Correspondingly, the subdirectory Z–1.0.alpha=0.2 contains models with an alpha element enhancement of 0.2 dex for a base abundance pattern of [M/H]= −1.0 or 1/10 of the solar metallicity.
Each file follows a naming convention that gives the model parameters Teff, log (g),[M/H], and α variation (if ≠ 0) as well as important code setup details such as equation of state and model year. The format has the form
[image: equation]
where lte indicates the LTE part of the model grid, TTTTT is the effective temperature, GGGGG is −log(g), ZZZZ the base metallicity, and AAAA the α element enhancement, e.g.,
[image: equation]
is a model with Teff = 4400 K, log(g) = +5.00, [M/H]= 0.0, and α = −0.2. The entry PHOENIX-NewEra describes the model generation and ACES-COND the equation of state (in this case ACES) with condensation included, 2023 is the model year and HSR the data product (High Sampling Rate for the wavelengths in the spectrum).
The HSR (high sampling rate) spectra that we provide have an intervals based sampling rate2, λ/Δλ, of at least one million (except from 5.8 μm to 10 μm, i.e., between the infrared M and N bands where the sampling rate is between half a million and one million). The details are given in Table 3. The overall wavelength range (in vacuum) covered is from 900 Å to 30 μm, resulting in a total of about 13.1 million sampled wavelength points. The sampling distances Δλ in the longer wavelength regions are integer multiples of those in the shorter wavelength regions. Therefore, it is possible to create evenly spaced spectra across region borders by dropping data points in the shorter wavelength regions.
It is important to remember that the sampling rate is not the same as spectral resolution. In order to compare to a spectrum of a given resolution, the HSR spectra have to be convolved to the target resolution with an appropriate filter, e.g., with a Gaussian. For meaningful results, the target resolution should be less than about 1/10 of the HSR spectrum sampling rate.
The HSR spectrum is given in the HDF5 group /PHOENIX_SPECTRUM in the h5 files in the following datasets:
nwl:: number of wavelength points
w1:: wavelength array (Å in vacuum)
flux:: flux array log10(Fλ)(erg/s/cm2/cm)
bb:: Planck function array log10(Bλ(Teff))(erg/s/cm2/cm).

For reference a low sampling rate (LSR) spectrum is given in the HDF5 group /PHOENIX_SPECTRUM_LSR in the datasets
wl:: wavelength array (Å in vacuum)
fl:: flux array log10 (Fλ)(erg/s/cm2/cm).

In contrast to the HSR spectra, the LSR spectra cover the whole spectral range from the soft X-ray to the radio wavelength range but at a much lower sampling rate. The details can be found in Table 4.
The PHOENIX/1D input Fortran namelist of the calculation of the HSR spectrum from the pre-calculated model atmosphere is saved in the dataset /PHOENIX_NAMELIST/phoenix_nml. This is included to quickly extract parameters that are not coded in the name of the file, e.g., mass of the star, micro-turbulent speed, or the mixing length (using the provided python routine, see Section 6), however, most of the contents is not intended for data users but is necessary to recreate the models if needed.
The HDF5 dataset /PHOENIX_RESTART/phx_restart is a string representation of the PHOENIX/1D model restart file used to create the spectrum given in the file so that new spectra can be generated that use the exact same model atmosphere structure.
The contents of this dataset should be used to extract structure information, such as radii using the provided python routine, see Section 6. The dataset also includes internal PHOENIX/1D data that are only needed for PHOENIX/1D runs and are included here for easier re-running of models with PHOENIX/1D. The outermost radius is the one that should be used when scaling the flux to that of a star with a different radius or when calculating the flux of the model as observed from a given distance.
The regular (stdout) PHOENIX/1D printout for the HSR spectrum PHOENIX/1D run is given as a string in the HDF5 dataset /PHOENIX_STDOUT/phx_stdout. This information is provided for reference and debugging purposes only.
	[image: thumbnail]	Fig. 4 Grid spectra for models with Teff = 2300, 3000, 5000, 9800 K and log(g) = 5.0, 5.0, 4.5, and 4.5 for [M/H] = −3.0 respectively, compared to the NextGen (Hauschildt et al. 1999b), Gaia DR1 (Kučinskas et al. 2005), ACES (Husser et al. 2013), and New Era (this work).



	[image: thumbnail]	Fig. 5 Structure of models with (bottom to top) Teff = 2300, 3000, 5000, 9800 K and log(g) = 5.0, 5.0, 4.5, and 4.5 for solar metallicity respectively, compared to the NextGen (Hauschildt et al. 1999b), Gaia DR1 (Kučinskas et al. 2005), ACES (Husser et al. 2013), and New Era (this work) (not all structures are available at all metallicities).



	[image: thumbnail]	Fig. 6 Structure of models with (bottom to top) Teff = 2300, 3000, 5000, 9800 K and log(g) = 5.0, 5.0, 4.5, and 4.5 for [M/H] = −3.0 respectively, compared to the NextGen (Hauschildt et al. 1999b), Gaia DR1 (Kučinskas et al. 2005), ACES (Husser et al. 2013), and New Era (this work) (not all structures are available at all metallicities).



	[image: thumbnail]	Fig. 7 Effect of (model) mass on the spectral energy distributions (SED) at a resolution of 25 Å for an example model with Teff = 2500 K, log(g) = 0.0, M = 0.93 M⊙, and solar abundances. Δ F/F is defined as (F(mass =[0.5, 2.0])−F(mass =0.93))/F(mass =0.93).



5 Summary and conclusions
We have calculated an LTE grid of stellar models over a wide range of parameters. The total grid consists of 37438 spectra different synthetic spectra in the temperature range 2300 K ≤ Teff ≤ 12 000 K and 0.0 ≤ log(g) ≤ 6.0 and metallicities [M/H] from −4.0 to +0.5 for all available [α/Fe]. The number of atomic and molecular lines is an order of magnitude larger than in our previous grids. We also supply a Python script to access these data files, which should facilitate their use in studies of, for example the Gaia data set. Future work will involve inclusion of NLTE effects into this grid (Hauschildt et al., in prep.) and extension of this LTE grid to lower temperatures, applicable to planetary atmospheres (T. Barman et al., in prep.).
6 Data availability & software products
In order to facilitate access to the model and spectra, we provide a python code get_NewEra_from_FDR.py to download individual models at DOI 10.25592/uhhfdm. 16722 (Hauschildt et al. 2025)3. The script takes Teff, log(g), [M/H], and the α scale as arguments and downloads the corresponding file. A list of all available models with download links and MD5 checksums is given in list_of_available_NewEra_models.txt.
In addition to the main data product described in the previous section, we provide low resolution spectra in a format compatible to the Gaia spectral library definition. The archive NewEra_for_GAIA_DR4.tar contains the spectra in the spectral range and resolution required for the Gaia mission, whereas the archive PHOENIX-NewEra-LowRes-SPECTRA.tar.gz contains the spectra from 2500 Å to 2.5 μm with a resolution (Gaussian filter standard deviation) and sampling rate of 0.1 Å, and finally the archive PHOENIX-NewEra-JWST-SPECTRA.tar.gz gives the spectra in the wavelength range and resolution useful for JWST: between 0.6 μm and 28.5 μm with a resolution (Gaussian filter standard deviation) and sampling rate of 2 Å. Note that the wavelengths and fluxes in these files are given in nm and W/m2/nm, respectively, in order to be compatible to the Gaia spectral library. Each archive contains the spectra for each abundance pattern in individual files and were generated for the HSR spectra by convolution with a Gaussian filter. example_read_gaia_fmt.py is a simple example python code to read the first spectrum of an individual archive file.
We also provide the Python routine example_read_HSR_H5.py to access the contents of the provided h5 files. The routine reads the supplied HDF5 files and returns the data as strings, scalars and arrays. This includes examples of the stored metadata for the particular grid entry and additional output information that can be accessed. The python routine example_read_structure_from_HSR_H5.py shows how to access the structure data in the /PHOENIX_RESTART/phx_restart dataset, in particular radii, gas and electron pressures, and electron temperature.
Table 3 
Wavelength coverage and sampling of the HSR spectra.


Table 4 
Wavelength coverage and sampling of the standard low sampling rate (LSR) spectra.


Due to size restrictions, limb darkening data need to be generated and are made available upon request.
	[image: thumbnail]	Fig. 8 Limb darkening for representative giant and dwarf models (as indicated in the panels) for 4 wavelengths. The model with Teff = 3000 K, log(g) = 0.0 has a mass of 1.35 M⊙ and the one with Teff = 3000 K, log(g) = 5.0 has a mass of 0.27 M⊙. For comparison the simplest plane parallel limb darkening law [image: equation] is shown as a dotted curve.



	[image: thumbnail]	Fig. 9 Visualizations of the center-to-limb variation of a model with Teff = 3000 K, log(g) = 0.0 (left panels, 1.35 M⊙) and log(g) = 5.0 (right panels, 0.27 M⊙), solar abundances for 4 wavelengths: 2775 Å (top left), 6500 Å (top right), 9000 Å (bottom left), and 1.49 μm (bottom right). The colors indicated by the color bar give log10(I/I(μ = 1)).
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1 μ = cos (θ) where θ is the angle between the beam of light and the normal to the emitting surface.


2 The sampling distance Δλ used in the calculation of our synthetic spectra is not to be confused with an observational resolution element Δ λobs originating from observing with a finite aperture.


3 At the URL https://doi.org/10.25592/uhhfdm.16722
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	[image: thumbnail]	Fig. 6 Structure of models with (bottom to top) Teff = 2300, 3000, 5000, 9800 K and log(g) = 5.0, 5.0, 4.5, and 4.5 for [M/H] = −3.0 respectively, compared to the NextGen (Hauschildt et al. 1999b), Gaia DR1 (Kučinskas et al. 2005), ACES (Husser et al. 2013), and New Era (this work) (not all structures are available at all metallicities).
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	[image: thumbnail]	Fig. 7 Effect of (model) mass on the spectral energy distributions (SED) at a resolution of 25 Å for an example model with Teff = 2500 K, log(g) = 0.0, M = 0.93 M⊙, and solar abundances. Δ F/F is defined as (F(mass =[0.5, 2.0])−F(mass =0.93))/F(mass =0.93).
In the text



	[image: thumbnail]	Fig. 8 Limb darkening for representative giant and dwarf models (as indicated in the panels) for 4 wavelengths. The model with Teff = 3000 K, log(g) = 0.0 has a mass of 1.35 M⊙ and the one with Teff = 3000 K, log(g) = 5.0 has a mass of 0.27 M⊙. For comparison the simplest plane parallel limb darkening law [image: equation] is shown as a dotted curve.
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	[image: thumbnail]	Fig. 9 Visualizations of the center-to-limb variation of a model with Teff = 3000 K, log(g) = 0.0 (left panels, 1.35 M⊙) and log(g) = 5.0 (right panels, 0.27 M⊙), solar abundances for 4 wavelengths: 2775 Å (top left), 6500 Å (top right), 9000 Å (bottom left), and 1.49 μm (bottom right). The colors indicated by the color bar give log10(I/I(μ = 1)).
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      Table 1 

      Molecular lines and their sources used in the NewEra model grid.

      
        


	Molecules
	References





	16O3, 16O16O18O, 16O18O16O, 16O16O17O, 16O17O16O, 14N14N16O, 14N15N16O, 15N14N16O, 14N14N18O
	1



	14N14N17O, 12C17O, 14N16O2, 16OH, 18OH, 16OD, H12C15N, 12C12CH6
	1



	12C16O19F, 32S19F6, [image: equation], H16O2, 12C13CH4
	1



	12C16O2, 13C16O2, 12C16O18O, 12C16O17O, 12C18O2, 12C17O18O, 13C18O2
	2



	9BeH, 9Be2H, 9Be3H
	13



	24Mg16O, 24Mg17O, 24Mg18O, 25Mg16O, 26Mg16O
	14



	26Al16O, 27Al16O, 27Al17O, 27Al18O
	14



	46Ti16O, 47Ti16O, 48Ti16O, 49Ti16O, 50Ti16O
	15



	6Li35Cl, 6Li37Cl, 7Li35Cl, 7Li37Cl
	6, 21



	12C32S, 12C33S, 12C34S, 12C36S, 13C32S, 13C33S, 13C34S, 13C36S
	27



	14N16O, 14N17O, 14N18O, 15N16O, 15N17O, 15N18O
	28



	14N32S, 14N33S, 14N34S, 14N36S, 15N32S
	32



	28Si32S, 28Si33S, 28Si34S, 28Si36S, 29Si32S, 29Si33S, 29Si34S, 29Si36S, 30Si32S, 30Si33S, 30Si34S, 30Si36S
	37



	40Ca19F, 42Ca19F, 43Ca19F, 44Ca19F, 46Ca19F, 48Ca19F
	6, 44



	39K35Cl, 39K37Cl, 41K35Cl, 41K37Cl
	45



	24Mg19F, 25Mg19F, 26Mg19F
	6, 35



	28Si16O, 28Si17O, 28Si18O, 29Si16O, 30Si16O
	57



	D35Cl, D37Cl, H35Cl, H37Cl
	18



	12C14N, 12C15N, 13C14N, 13C15N
	72, 73



	12C16O, 12C18O, 13C16O, 13C17O, 13C18O
	74



	28Si14N, 28Si15N, 29Si14N, 30Si14N
	84



	32SH, 32SD, 33SH, 34SH, 36SH
	88





      

    

  
    
      Table 2 

      Molecules used in this work (cont’d).

      
        


	Molecules
	References
	Molecules
	References
	Molecules
	References





	CH4
	3, 4
	51V 16O
	5
	56FeH
	6,7, 8



	23NaH, 23NaD
	9
	26AlH, 27AlH, 27AlD
	10
	45ScH
	11



	7LiH
	12
	48TiH
	6, 7
	52CrH
	6



	H12C14N
	16
	H13C14N
	17
	H35Cl
	18



	[image: equation]
	19, 20
	6Li19F, 7Li19F
	6, 21
	12C2, 12C13C, 13C2
	22, 23



	12CH, 13CH
	6, 24
	12C31P
	6, 25, 26
	14NH
	6, 29, 30, 31



	23Na19F
	33
	23Na35Cl, 23Na37Cl
	34
	24Mg19F, 26Mg19F
	6, 35



	27Al19F
	6
	27Al35Cl, 27Al37Cl
	6
	28SiH, 28SiD, 29SiH, 30SiH
	36



	31P14N, 31P15N
	38
	31P16O
	39
	31PH
	40



	31P32S
	41
	32S16O2
	42
	32SH, 32SD, 33SH, 34SH, 36SH
	42



	39K19F, 41K19F
	6, 33
	[image: equation]
	46
	[image: equation]
	47



	15NH3
	48
	14NH3
	49, 50
	H14N16O3
	51



	[image: equation]
	52
	12C2 H2
	53
	12C2 H4
	54



	12CH3 F
	55
	[image: equation]
	56
	28SiH4
	58



	32S16O3
	59
	31PH3
	60
	12C16O2
	61



	40CaH
	62
	24MgH, 25MgH, 26MgH
	62
	H2
	64



	HD
	64
	[image: equation]
	65
	HD16O
	66



	H19F
	67, 68, 69
	12CH3
	70
	12CH4
	4, 71



	14NH
	30, 6, 75, 76
	14N2
	77, 78, 79
	14N16O
	80



	14Na16OH
	81
	14Na16O
	82
	28SiH2
	83



	28Si16O
	85
	28Si16O2
	86
	31P19F3
	87



	39K16OH
	81
	40Ca16O
	90
	40Ca16OH
	91



	56FeH
	6, 8
	75AsH3
	91
	89Y16O
	92



	139Y16O
	93
	HD+
	12,62
	H2 D+
	94



	[image: equation]
	95
	[image: equation]
	96
	3HeH+, 3HeD+, 4HeH+, 4HeD+
	64



	7LeH+
	12
	16OH+
	6,97
	90-96ZrO
	98





      

      
Notes. (1) Rothman et al. (2009); (2) Rothman et al. (2010); (3) Yurchenko et al. (2013); (4) Yurchenko & Tennyson (2014); (5) McKemmish et al. (2016); (6) Bernath (2020); (7) Burrows et al. (2005); (8) Dulick et al. (2003); (9) Rivlin et al. (2015); (10) Yurchenko et al. (2018d); (11) Lodi et al. (2015); (12) Coppola et al. (2011); (13) Darby-Lewis et al. (2018); (14) Li et al. (2019); (15) McKemmish et al. (2019); (16) Harris et al. (2006); (17) Barber et al. (2014); (18) Gordon et al. (2017); (19) Azzam et al. (2016); (20) Chubb et al. (2018); (21) Bittner & Bernath (2018); (22) Yurchenko et al. (2018c); (23) McKemmish et al. (2020); (24) Masseron et al. (2014); (25) Ram et al. (2014); (26) Qin et al. (2021); (27) Paulose et al. (2015); (28) Wong et al. (2017); (29) Brooke et al. (2014a); (30) Fernando et al. (2018); (31) Brooke et al. (2015); (32) Yurchenko et al. (2018a); (33) Frohman et al. (2016); (34) Barton et al. (2014); (35) Hou & Bernath (2017); (36) Yurchenko et al. (2018b); (37) Upadhyay et al. (2018); (38) Yorke et al. (2014); (39) Prajapat et al. (2017); (40) Langleben et al. (2019); (41) Prajapat et al. (2017); (42) Underwood et al. (2016a); (43) Yurchenko et al. (2018a); (44) Hou & Bernath (2018); (45) Barton et al. (2014); (46) Polyansky et al. (2018); (47) Al-Refaie et al. (2016); (48) Yurchenko (2015); (49) Al Derzi et al. (2015); (50) Coles et al. (2019b); (51) Pavlyuchko et al. (2015); (52) Al-Refaie et al. (2015); (53) Chubb et al. (2020); (54) Mant et al. (2018); (55) Mant et al. (2018); (56) Owens et al. (2018); (57) Barton et al. (2013); (58) Owens et al. (2017); (59) Underwood et al. (2016b); (60) Sousa-Silva et al. (2015); (61) Yurchenko et al. (2020a); (62) Owens et al. (2022a); (63) Roueff et al. (2019); (64) Amaral et al. (2019); (65) Polyansky et al. (2018); (66) Voronin et al. (2010); (67) Li et al. (2013); (68) Coxon & Hajigeorgiou (2015); (69) Somogyi et al. (2021); (70) Adam et al. (2019); (71) Yurchenko et al. (2017); (72) Brooke et al. (2014b); (73) Syme & McKemmish (2021); (74) Li et al. (2015); (75) Brooke et al. (2014a); (76) Brooke et al. (2015); (77) Western et al. (2018); (78) Western (2017); (79) Shemansky (1969); (80) Qu et al. (2021); (81) Owens et al. (2021); (82) Mitev et al. (2022); (83) Clark et al. (2020); (84) Semenov et al. (2022); (85) Yurchenko et al. (2022); (86) Owens et al. (2020); (87) Mant et al. (2020); (88) Gorman et al. (2019); (89) Yurchenko et al. (2016); (90) Owens et al. (2022b); (91) Coles et al. (2019a); (92) Smirnov et al. (2019); (93) Bernath et al. (2022); (94) Sochi & Tennyson (2010); (95) Mizus et al. (2017); (96) Yurchenko et al. (2020b); (97) Hodges & Bernath (2017); (98) Littleton & Davis (1985).




    

  
    
      Fig. 1 
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        Available models for solar metallicity in a Hertzsprung-Russell Diagram. The parameters of the models are the effective temperature (on the x-axis), log (g) (indicated next to the series of models for constant log (g)), the metallicity (fixed to [M/H]=0 in this plot) and stellar mass (color coded) following Husser et al. (2013). The luminosity of the models follows from the given parameters. See Section 4 for a discussion of the shape formed by the available models.

      

    

  
    
      Fig. 2 
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        Effects of line blanketing on the spectral energy distribution for a NewEra grid model with Teff = 3000 K, log (g) = 5.0, and solar abundances (black line). The structure of the grid model was used to compute the ‘true continuum’, i.e., the SED without any spectral lines included (red line). In addition, the blackbody for the effective temperature is shown in the green curve.

      

    

  
    
      Fig. 3 
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        Grid spectra for model with Teff = 2300, 3000, 5000, 9800 K and log(g) = 5.0, 5.0, 4.5, and 4.5 for solar metallicity respectively, compared to the NextGen (Hauschildt et al. 1999b), Gaia DR1 (Kučinskas et al. 2005), ACES (Husser et al. 2013), and New Era (this work).

      

    

  
    
      Fig. 4 
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        Grid spectra for models with Teff = 2300, 3000, 5000, 9800 K and log(g) = 5.0, 5.0, 4.5, and 4.5 for [M/H] = −3.0 respectively, compared to the NextGen (Hauschildt et al. 1999b), Gaia DR1 (Kučinskas et al. 2005), ACES (Husser et al. 2013), and New Era (this work).

      

    

  
    
      Fig. 5 
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        Structure of models with (bottom to top) Teff = 2300, 3000, 5000, 9800 K and log(g) = 5.0, 5.0, 4.5, and 4.5 for solar metallicity respectively, compared to the NextGen (Hauschildt et al. 1999b), Gaia DR1 (Kučinskas et al. 2005), ACES (Husser et al. 2013), and New Era (this work) (not all structures are available at all metallicities).

      

    

  
    
      Fig. 6 
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        Structure of models with (bottom to top) Teff = 2300, 3000, 5000, 9800 K and log(g) = 5.0, 5.0, 4.5, and 4.5 for [M/H] = −3.0 respectively, compared to the NextGen (Hauschildt et al. 1999b), Gaia DR1 (Kučinskas et al. 2005), ACES (Husser et al. 2013), and New Era (this work) (not all structures are available at all metallicities).

      

    

  
    
      Fig. 7 
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        Effect of (model) mass on the spectral energy distributions (SED) at a resolution of 25 Å for an example model with Teff = 2500 K, log(g) = 0.0, M = 0.93 M⊙, and solar abundances. Δ F/F is defined as (F(mass =[0.5, 2.0])−F(mass =0.93))/F(mass =0.93).

      

    

  
    
      Table 3 

      Wavelength coverage and sampling of the HSR spectra.

      
        


	Range
	Δλ
	Sampling rate



	(μm)
	(mÅ)
	(106)





	0.09−0.32
	0.625
	1.44−5.12



	0.32−1.37
	2.5
	1.28−5.48



	1.37−2.64
	10
	1.37−2.64



	2.64−5.8
	20
	1.32−2.9



	5.8−30
	100
	0.58−3.0





      

    

  
    
      Table 4 

      Wavelength coverage and sampling of the standard low sampling rate (LSR) spectra.

      
        


	Range
	Δλ
	Sampling rate



	(μm)
	(Å)
	





	0.001−3
	0.1
	100−3 × 105



	3−20
	1
	3 × 104−2 × 105



	20−50
	100
	2000−5000



	50−600
	1000
	500−1000



	600−1000
	104
	100−1000





      

    

  
    
      Fig. 8 
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        Limb darkening for representative giant and dwarf models (as indicated in the panels) for 4 wavelengths. The model with Teff = 3000 K, log(g) = 0.0 has a mass of 1.35 M⊙ and the one with Teff = 3000 K, log(g) = 5.0 has a mass of 0.27 M⊙. For comparison the simplest plane parallel limb darkening law [image: equation] is shown as a dotted curve.

      

    

  
    
      Fig. 9 
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        Visualizations of the center-to-limb variation of a model with Teff = 3000 K, log(g) = 0.0 (left panels, 1.35 M⊙) and log(g) = 5.0 (right panels, 0.27 M⊙), solar abundances for 4 wavelengths: 2775 Å (top left), 6500 Å (top right), 9000 Å (bottom left), and 1.49 μm (bottom right). The colors indicated by the color bar give log10(I/I(μ = 1)).

      

    

  OEBPS/aa54171-25-eq8.png





OEBPS/aa54171-25-eq9.png
H}°O"





OEBPS/aa54171-25-fig9_small.jpg





OEBPS/aa54171-25-eq4.png





OEBPS/aa54171-25-eq5.png





OEBPS/aa54171-25-eq6.png
'*CH;y’Cl, '*CH;'Cl





OEBPS/aa54171-25-eq7.png
H,'O.H;°0









OEBPS/aa54171-25-fig5_small.jpg





OEBPS/aa54171-25-eq1.png
H,'S, H5'S





OEBPS/aa54171-25-fig2_small.jpg





OEBPS/aa54171-25-eq2.png





OEBPS/aa54171-25-eq3.png
H.°O





OEBPS/aa54171-25-fig8_small.jpg





OEBPS/aa54171-25-fig1.jpg
Lilel

N W U1 N 0O

o =

Stellar mass [Mg ]





OEBPS/aa54171-25-fig2.jpg
Iy (cgs)

Continuum vs. line spectra for Teff=3000K, logg=>5, [M/H]=0.0

013

01]

0o

— Standard  —— Continuum
—— BB(Teff)

20000 40000 60000 80000 1001

00





OEBPS/aa54171-25-fig3.jpg
2300-5.00-0.0 3000-2.00-0.0

10

0t
— Newtn  — GAADAI
— Hossoretal | — NeuGen

— Newtn  — GAADRI

— Hosseratsl — NextGen

Fi (cgs)

A2 Ay
10 5000-4.50-0.0 - 9800-4.50-0.0
= ———
S . — e
> [

AL





OEBPS/aa54171-25-fig4.jpg
2300-2.00-3.0 3000-5.00-3.0

s
— Newin  — Nodoen
i
0
e B
< <
o
R o0 D 20000 00 00 o R w00 [ET) 200 o0 000 000
Ah) Ay
s 5000-4.50-3.0 . 9800-4.50-3.0
NetGen
e
0
8 8
< <
s
s
W0 W0 w0 S0 W0 D0 e om0 2w " 00 o wn o [T [

A A(A)





OEBPS/aa54171-25-fig5.jpg
Tetec VS. Py, solar metallicity

14000
12000
10000

X 8000

Tslet

6000

4000

—— NewEra —— GAIA DR1
— Husser et al

2000

2 1|0l) 162 1(‘),1
Pyas [dyn/cm?]

1(‘)(7

108





OEBPS/aa54171-25-fig6.jpg
Telec VS. Pgas, [M/H]=_30

NewEra —— NextGen
140001 —— Husser et al

12000 q
10000 4

X 80001

Teler

6000 1

4000 1

2000

o 10° 10? 10° 106
Py [dyn/cm?]





OEBPS/aa54171-25-fig7.jpg
AF/F

0.15

Effects of mass for Teff=2500 K, logg=0.0, and solar metallicity

0.104

0.054

0.004

—0.054

—0.104

0.15 +

—— AF/Ffor0.5M, and 0.93M., —— AF/Ffor2M. and 0.93M.

5000

7500 10000 12500 15000 17500 20000 22500 25000

A (A)





OEBPS/aa54171-25-fig8.jpg
[te03000-0.00-0.0

1te03000-5.00-0.0

10" 10°
107! 107!
1072 102
109 10°%
10t =0
=
10" 10°°
10°° 10°°
— 2775.0 14900.19 — 2775.0 14900.19
1077 —— 6500.04 * simple LD law 1077 —— 6500.04 *  simple LD law
—— 9000.04 —— 9000.04
0% 0%
0.0 0.2 0.4 0.6 0.8 L0 0.0 02 0.4 0.6 08 10
n n
» 1te06000-0.50-0.0 " te06000-5.00-0.0
107 JURE|
1072 10724
104 109
10 =0t
=
10°° 1070
10°° 10°°
— 2775.0 14900.19 — 2775.0 14900.19
1077 —— 6500.04 * simple LD law 107 —— 6500.04 * simple LD law
—— 9000.04 —— 9000.04
107 10°%
0.0 02 0.4 0.6 08 10 0.0 02 0.4 0.6 08 10
m I





OEBPS/aa54171-25-fig9.jpg





OEBPS/aa54171-25-fig1_small.jpg





OEBPS/dash.png





OEBPS/aa54171-25-fig4_small.jpg





OEBPS/aa54171-25-fig7_small.jpg





OEBPS/aa54171-25-fig3_small.jpg





OEBPS/aa54171-25-eq12.png
I/ I =1)= 2 (u+32)





OEBPS/aa54171-25-eq11.png
1te04400-5.00-0.0.alpha=-0.2.PHOENIX
—NewFra-ACES-COND-2023 HSR _hS§S





OEBPS/aa54171-25-eq10.png
LteTTTTTGGGGGZZZZ . alpha=AAAA . PHOENIX
~NewEra-ACES-COND-2023 .HSR.hS






OEBPS/aa54171-25-fig6_small.jpg
—





