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We provide here tables of stellar limb-darkening coefficients (LDCs) for the Ariel ESA M4 space mission. These tables include LDCs corresponding to different wavelength bins and white bands for the NIRSpec, AIRS-Ch0 and AIRS-Ch1 spectrographs, and those corresponding to the VISPhot, FGS1 and FGS2 photometers. The LDCs are calculated with the open-source software ExoTETHyS for three complete grids of stellar atmosphere models obtained with the ATLAS9 and PHOENIX codes. The three model grids are complementary, as the PHOENIX code adopts more modern input physics and spherical geometry, while the models calculated with ATLAS9 cover wider ranges of stellar parameters. The LDCs obtained from corresponding models in the ATLAS9 and PHOENIX grids are compared in the main text. All together the models cover the following ranges in effective temperature (1 500 K ≤ T eff ≤ 50 000 K), surface gravity (0.0 dex ≤ log g ≤ 6.0 dex), and metallicity (-5.0 ≤ [M/H] ≤ 1.0).

Introduction

Observations of exoplanetary transits are affected by the specific intensity decrease from the centre to the edge of the projected stellar disc, so-called limb-darkening effect [START_REF] Mandel | Analytic Light Curves for Planetary Transit Searches[END_REF]. While the planet's projection moves onto the stellar disc, the fraction of occulted stellar flux varies over time, instead of being equal to the planet-to-star area ratio. Furthermore, the limb-darkening is a wavelength-dependent effect, meaning that it is crucial to account for it when modelling transit light-curves at multiple frequencies [START_REF] Charbonneau | Using Stellar Limb-Darkening to Refine the Properties of HD 209458b[END_REF][START_REF] Morello | High-precision Stellar Limb-darkening in Exoplanetary Transits[END_REF][START_REF] Morello | A SEA BASS on the Exoplanet HD 209458b[END_REF][START_REF] Danielski | The homogeneous characterisation of Ariel host stars[END_REF]. A precise determination of the limb-darkening will consequently enable a precise characterisation of an exoplanet's atmosphere.

One of the Ariel mission requirements is to meet a photometric precision of 10-50 parts per million (ppm) relative to the stellar flux of the observed targets [46,[START_REF] Edwards | An Updated Study of Potential Targets for Ariel[END_REF]. Here we provide grids of limb-darkening coefficients (LDCs) for the Ariel instruments, adopting the four-coefficient law introduced by Claret (2000) [START_REF] Claret | A new non-linear limb-darkening law for LTE stellar atmosphere models[END_REF], hereinafter referred to as "claret-4". In particular, we used the software ExoTETHyS [START_REF] Morello | The ExoTETHyS Package: Tools for Exoplanetary Transits around Host Stars[END_REF][START_REF] Morello | ExoTETHyS: Tools for Exoplanetary Transits around host stars[END_REF] to compute LDCs with the there-called ATLAS 2000 [START_REF] Claret | A new non-linear limb-darkening law for LTE stellar atmosphere models[END_REF], PHOENIX 2012 13 and PHOENIX DRIFT 2012 [START_REF] Claret | New limb-darkening coefficients for PHOENIX/1D model atmospheres. I. Calculations for 1500 K ≤ T e f f ≤ 4800 K Kepler, CoRot, Spitzer, uvby, UBVRIJHK, Sloan, and 2MASS photometric systems[END_REF][START_REF] Claret | New limb-darkening coefficients for Phoenix/1d model atmospheres. II. Calculations for 5000 K ≤ T e f f ≤ 10 000 K Kepler, CoRot, Spitzer, uvby, UBVRIJHK, Sloan, and 2MASS photometric systems[END_REF] model grids. The spectral responses of the Ariel instruments were obtained through ExoSim [START_REF] Sarkar | ExoSim: the Exoplanet Observation Simulator[END_REF]. We considered wavelength bins of 0.05 µm for the NIRSpec and AIRS-Ch1 spectrometers, and 0.02 µm for AIRS-Ch0. The tables attached to this manuscript contain the most up to date LDCs which can be used by the Ariel community during the preparatory studies. We note that, the underlying stellar and instrumental models are likely to be updated by the launch of the Ariel spacecraft. Finally, whether a specific set of LDCs is not available here (e.g., adopting different limb-darkening laws, wavelength bins, or to interpolate between the stellar parameters of the grid), it can be computed with the python package ExoTETHyS1 .

The manuscript is structured as follows. Section 2 introduces the stellar limbdarkening effect, and discusses its historical overview, putting particular emphasis on its application to the study of exoplanetary transits. Section 3 briefly describes the ExoTETHyS limb-darkening subpackage used to calculate the LDCs for the Ariel mission. Section 4 provides information about the Ariel science instruments. Section 5 summarises this paper's content.

2 The stellar limb-darkening effect

Limb-darkening laws

The phenomenon of limb-darkening is easily understood starting from the formal solution of the radiative transfer equation along a ray, which shows that the emerging intensity is a weighted average of the source function over optical depth. Historically, the approximation that was usually adopted is the Eddington-Barbier one, which describes the source function of the continuum radiation as a polynomial of optical depth in a medium with plane-parallel geometry. In this case, the intensity emerging at an angle θ with respect to the surface normal is equal to the source function at optical depth µ = cos θ. The first parametrization proposed to model stellar limbdarkening is the linear law [START_REF] Schwarzschild | [END_REF]:

I λ (µ) I λ (1) = 1 -a(1 -µ), (1) 
as derived from the first-order Eddington-Barbier approximation. It was later realised that the linear law does not fully capture the centre-to-limb intensity variation, thus a quadratic law was preferred [START_REF] Kopal | Detailed effects of limb darkening upon light and velocity curves of close binary systems[END_REF]:

I λ (µ) I λ (1) = 1 -a 1 (1 -µ) -a 2 (1 -µ) 2 . (2) 
Later, many researchers have proposed a long list of other limb-darkening laws, which are not only polynomial functions of µ (see [START_REF] Kipping | Efficient, uninformative sampling of limb darkening coefficients for two-parameter laws[END_REF][START_REF] Espinoza | Limb darkening and exoplanets -II. Choosing the best law for optimal retrieval of transit parameters[END_REF] for reviews). We highlight here the power-2 law [START_REF] Hestroffer | Centre to limb darkening of stars. New model and application to stellar interferometry[END_REF]:

I λ (µ) I λ (1) = 1 -c(1 -µ α ), (3) 
which outperforms other biparametric laws, especially for the M-dwarf models [START_REF] Morello | High-precision Stellar Limb-darkening in Exoplanetary Transits[END_REF][START_REF] Maxted | Comparison of the power-2 limb-darkening law from the STAGGER-grid to Kepler light curves of transiting exoplanets[END_REF]. The search for the simplest law that accurately describes the stellar intensity profile was motivated by both the aim of linking the LDCs to physical parameters, and the fact that fewer coefficients are more easily manageable as free parameters. However, no biparametric law turns out to be sufficiently accurate for all stellar types and wavelengths at the level of precision in the data achieved with modern instruments [START_REF] Espinoza | Limb darkening and exoplanets -II. Choosing the best law for optimal retrieval of transit parameters[END_REF][START_REF] Morello | High-precision Stellar Limb-darkening in Exoplanetary Transits[END_REF]. For this reason we strongly recommend the use of the claret-4 law [START_REF] Claret | A new non-linear limb-darkening law for LTE stellar atmosphere models[END_REF]:

I λ (µ) I λ (1) = 1 - 4 k=1 a k (1 -µ k/2 ), (4) 
since it has proven highly reliable in all the investigations carried out so far [START_REF] Howarth | New limb-darkening coefficients and synthetic photometry for model-atmosphere grids at Galactic, LMC and SMC abundances[END_REF][START_REF] Magic | The Stagger-grid: A grid of 3D stellar atmosphere models. IV. Limb darkening coefficients[END_REF][START_REF] Claret | Gravity and limbdarkening coefficients for compact stars: DA, DB, and DBA eclipsing white dwarfs[END_REF][START_REF] Morello | The ExoTETHyS Package: Tools for Exoplanetary Transits around Host Stars[END_REF]. The above limb-darkening laws may not reproduce the behaviour of some spectral lines at high-resolution (R > 10 4 ), whereas more complex intensity profiles, including limb-brightening effects, can occur [START_REF] Czesla | The center-to-limb variation across the Fraunhofer lines of HD 189733. Sampling the stellar spectrum using a transiting planet[END_REF]. The discussion of these cases is not relevant to the Ariel instruments, which provide optical broadband photometry and infrared low-resolution spectroscopy with R ∼ 15-100.

Plane-parallel versus spherical geometry

The earliest models of stellar atmospheres assumed plane-parallel geometry (e.g., [START_REF] Kurucz | Model atmospheres for G, F, A, B, and O stars[END_REF][START_REF] Wade | Linear and quadratic limb-darkening coefficients for a large grid of LTE model atmospheres[END_REF][START_REF] Diaz-Cordoves | Linear and non-linear limb-darkening coefficients for LTE model atmospheres[END_REF][START_REF] Claret | Linear and non-linear limb-darkening coefficients for the photometric bands R I J H K[END_REF][START_REF] Claret | A new non-linear limb-darkening law for LTE stellar atmosphere models[END_REF][START_REF] Claret | A new non-linear limb-darkening law for LTE stellar atmosphere models III[END_REF][START_REF] Claret | Testing the limb-darkening coefficients measured from eclipsing binaries[END_REF][START_REF] Sing | Stellar limb-darkening coefficients for CoRot and Kepler[END_REF][START_REF] Howarth | New limb-darkening coefficients and synthetic photometry for model-atmosphere grids at Galactic, LMC and SMC abundances[END_REF][START_REF] Reeve | Limb-darkening coefficients from line-blanketed non-LTE hot-star model atmospheres[END_REF]). Recently, several models that take into account the spherical geometry of the stellar surface have appeared in the literature (e.g., [START_REF] Claret | Gravity and limb-darkening coefficients for the Kepler, CoRoT, Spitzer, uvby, UBVRIJHK, and Sloan photometric systems[END_REF][START_REF] Claret | New limb-darkening coefficients for PHOENIX/1D model atmospheres. I. Calculations for 1500 K ≤ T e f f ≤ 4800 K Kepler, CoRot, Spitzer, uvby, UBVRIJHK, Sloan, and 2MASS photometric systems[END_REF][START_REF] Claret | New limb-darkening coefficients for Phoenix/1d model atmospheres. II. Calculations for 5000 K ≤ T e f f ≤ 10 000 K Kepler, CoRot, Spitzer, uvby, UBVRIJHK, Sloan, and 2MASS photometric systems[END_REF][START_REF] Neilson | Spherically-symmetric model stellar atmospheres and limb darkening. I. Limb-darkening laws, gravity-darkening coefficients and angular diameter corrections for red giant stars[END_REF][START_REF] Neilson | Spherically symmetric model stellar atmospheres and limb darkening. II. Limb-darkening laws, gravity-darkening coefficients and angular diameter corrections for FGK dwarf stars[END_REF][START_REF] Claret | Theoretical gravity and limb-darkening coefficients for the MOST satellite photometric system[END_REF][START_REF] Magic | The Stagger-grid: A grid of 3D stellar atmosphere models. IV. Limb darkening coefficients[END_REF][START_REF] Claret | A new method to compute limb-darkening coefficients for stellar atmosphere models with spherical symmetry: the space missions TESS, Kepler, CoRoT, and MOST[END_REF][START_REF] Claret | Gravity and limbdarkening coefficients for compact stars: DA, DB, and DBA eclipsing white dwarfs[END_REF]). The intensity profiles obtained with spherical geometry show a characteristic steep drop-off, such that the intensities are almost zero at small but finite µ values (see Figure 1). We note that the intensity drop-off in the infrared is more abrupt than the one in the UV and visible. This behaviour is well understood [ [START_REF] Wittkowski | Tests of stellar model atmospheres by optical interferometry. VLTI/VINCI limb-darkening measurements of the M4 giant ψ Phe[END_REF][START_REF] Espinoza | Limb darkening and exoplanets: testing stellar model atmospheres and identifying biases in transit parameters[END_REF][START_REF] Morello | High-precision Stellar Limb-darkening in Exoplanetary Transits[END_REF]. The rays connecting the observer with the star surface at small µ values intersect only the outermost atmospheric shells, which have negligible emissivity compared to more internal shells. Instead, any optical ray intersects all the layers of a plane-parallel atmosphere, so that the emerging intensity always includes the contributions of inner layers down to optical depth of unity. Consequently, the intensity profile appears to be a smooth function of µ with a non-zero limit at µ = 0.

Limb-darkening laws such as those of Equations 1-4 were designed to approximate the stellar intensity profiles obtained with plane-parallel geometry, but they cannot reproduce the steep drop-off resulting from spherical geometry. Some authors have suggested applying a cut-off in µ, i.e. discarding the points with µ < µ 0 when fitting the intensity profile with a limb-darkening law [START_REF] Claret | The limb-darkening for spherically symmetric NextGen model atmospheres: A-G main-sequence and sub-giant stars[END_REF][START_REF] Claret | New limb-darkening coefficients for PHOENIX/1D model atmospheres. I. Calculations for 1500 K ≤ T e f f ≤ 4800 K Kepler, CoRot, Spitzer, uvby, UBVRIJHK, Sloan, and 2MASS photometric systems[END_REF][START_REF] Morello | The ExoTETHyS Package: Tools for Exoplanetary Transits around Host Stars[END_REF]. The truncated profiles are referred to as quasi-spherical models. Claret (2018) [START_REF] Claret | A new method to compute limb-darkening coefficients for stellar atmosphere models with spherical symmetry: the space missions TESS, Kepler, CoRoT, and MOST[END_REF] replaced the after drop-off intensities with zeroes, instead of discarding them. Also, the drop-off radius corresponds to what would appear as the stellar radius in observations of exoplanetary transits, interferometric imaging, or lunar occultation. Therefore, the spherical intensity profiles should be rescaled so that µ = 0 at the inflection point of the intensity profile [START_REF] Wittkowski | Tests of stellar model atmospheres by optical interferometry. VLTI/VINCI limb-darkening measurements of the M4 giant ψ Phe[END_REF][START_REF] Espinoza | Limb darkening and exoplanets: testing stellar model atmospheres and identifying biases in transit parameters[END_REF][START_REF] Morello | High-precision Stellar Limb-darkening in Exoplanetary Transits[END_REF].

Optimisation fitting methods

The optimisation method plays an important role when fitting for LDCs. The simplest approach is the standard least-squares fit to the precalculated intensities. The leastsquares method is sensitive to the choice of sampling of the intensity profile. The cause of sampling dependence is the impossibility to obtain a perfect match to the reference profile with the chosen parametrization, especially when using one or twocoefficient laws, and/or considering spherical geometry. A uniform sampling in µ gives more weight to the regions on the edge of the stellar disc. In fact, the radial distance of a µ-point from the center of the disc is

r = 1 -µ 2 , (5) 
where r = 1 (µ = 0) denotes the contour of the disc. In the case of uniform sampling in µ, 50% of the weight is attributed to the annulus with r > 0.866. Typically the situation is even more unbalanced, given that the spherical models adopt a finer sampling near the intensity drop-off. In contrast, a uniform sampling in r tends to undersample the region where the effect of limb-darkening is more pronounced. The matter of optimal sampling to calculate the LDCs has been widely debated in the previous literature [START_REF] Heyrovský | Computing Limb-darkening Coefficients from Stellar Atmosphere Models[END_REF][START_REF] Claret | Testing the limb-darkening coefficients measured from eclipsing binaries[END_REF][START_REF] Claret | Gravity and limb-darkening coefficients for the Kepler, CoRoT, Spitzer, uvby, UBVRIJHK, and Sloan photometric systems[END_REF][START_REF] Parviainen | LDTK: Limb Darkening Toolkit[END_REF]. Flux-conservation has been considered as an additional condition or alternative to least-squares fitting [START_REF] Wade | Linear and quadratic limb-darkening coefficients for a large grid of LTE model atmospheres[END_REF][START_REF] Claret | A new non-linear limb-darkening law for LTE stellar atmosphere models[END_REF][START_REF] Howarth | On stellar limb darkening and exoplanetary transits[END_REF]. It requires that the integral of the flux over the disc obtained with the limb-darkening law is exactly equal to the stellar flux of the model, a requirement that is not automatically satisfied by the best-fit least-squares solution.

2.4 The Synthetic-Photometry/Atmosphere-Model LDCs Howarth (2011) [START_REF] Howarth | On stellar limb darkening and exoplanetary transits[END_REF] raised the question of which is the best set of LDCs to be adopted in the light-curve analyses of exoplanetary transits. He generated syntheticphotometry/atmosphere-model (SPAM) light-curves for well-studied systems, using as inputs the empirically determined geometric parameters, and the intensity distribution corresponding to the known stellar parameters (approximated by a set of claret-4 LDCs, Equation 4). Light-curve fitting was then performed with one or two LDCs as free parameters (e.g., Equations 1-2). The resulting SPAM-LDCs were significantly different from those obtained by fitting on the intensity profile with various optimisation methods.

The follow-up work by Morello et al. (2017) [START_REF] Morello | High-precision Stellar Limb-darkening in Exoplanetary Transits[END_REF] on this study used full spherical intensity models with numerical integration to generate synthetic light-curves, and different configurations for light-curve fitting. They noted that the intensity profiles inferred by light-curve fitting reproduce the behaviour of the models well inside the disc, but often deviate at the smaller µ values. The corresponding transit depths and orbital parameters can also be significantly biased. The apparent good quality of the light-curve fitting can be deceptive.

Part of the problem is due to the inadequacy of a given limb-darkening law to approximate the model intensity distribution on the whole stellar disc. Therefore, different optimisation methods, including SPAM optimisation, attribute different weights to the regions of the disc. The residuals of the light-curve fits do not necessarily provide a useful diagnostic, because the strong degeneracies between LDCs and geometric parameters can lead to an excellent match to the transit light-curves, even with the wrong parameter values.

All these historical issues have been addressed in the ExoTETHyS package [37] which we briefly describe in the upcoming section. Table 1 Information about the stellar model grids adopted in this work. P-P = plane-parallel, S1 = spherical 1D geometry.

The ExoTETHyS package

We state here the conditions that must be fulfilled by an optimal set of LDCs for a mission dedicated to the characterisation of transiting exoplanets:

1. if the optimal LDCs are kept fixed during light-curve fitting, the best-fit transit depth and orbital parameters should be unbiased; 2. the LDCs can be computed directly from stellar intensity profiles, e.g., without the need for lengthy calculations involving ad hoc synthetic light-curves.

The software ExoTETHyS.SAIL is a calculator of LDCs that has been designed to meet the above requirements [START_REF] Morello | ExoTETHyS: Tools for Exoplanetary Transits around host stars[END_REF]. It performs a weighted least-squares fit to the normalised stellar intensities (I λ (µ)/I λ (1)). The weigths are proportional to the sampling interval in r, with a cut-off of r ≤ 0.99623 for the intensity profiles obtained with spherical geometry, after rescaling (see Section 2.2). Flux-conservation poses no additional constraints when fitting normalised intensities, since the absolute flux can be matched by adjusting the multiplicative factor (approximately equal to I λ (1)). The absolute flux value does not affect the transit light-curve morphology and the relevant astrophysical parameters.

In particular, the LDCs calculated according to the claret-4 law (Equation 4) have been tested to guarantee a precision of <10 ppm over the whole light-curve model at all wavelengths [START_REF] Morello | The ExoTETHyS Package: Tools for Exoplanetary Transits around Host Stars[END_REF]. This level of precision is up to 2 orders of magnitude better than that obtained with other existing software that use different optimisation algorithms. It is worth noting that the improvement of ExoTETHyS.SAIL over other algorithms is particularly significant in the infrared, given its capability of better dealing with the more abrupt intensity drop-off (see Section 2.2).

Stellar atmosphere models

At the time of writing, the ExoTETHyS package contains 3 databases with pre-computed stellar model intensities that fully cover the wavelength range of the Ariel instruments (see Table 1).

The ATLAS 2000 database includes the largest variety of stellar types, covering wide ranges in effective temperature, surface gravity, and metallicity. The corresponding models of stellar atmospheres were calculated by [START_REF] Kurucz | ATLAS9 Stellar Atmosphere Programs and 2 km/s grid. ATLAS9 Stellar Atmosphere Programs and 2 km/s grid[END_REF][START_REF] Kurucz | Model Stellar Atmospheres and Real Stellar Atmospheres[END_REF] [START_REF] Kurucz | ATLAS9 Stellar Atmosphere Programs and 2 km/s grid. ATLAS9 Stellar Atmosphere Programs and 2 km/s grid[END_REF][START_REF] Kurucz | Model Stellar Atmospheres and Real Stellar Atmospheres[END_REF] using the ATLAS9 software. The intensity spectra produced with these models were previously used by Claret (2000) [START_REF] Claret | A new non-linear limb-darkening law for LTE stellar atmosphere models[END_REF]. We selected those models with microturbulent velocity of 2 km/s. Some other models with different values of the microturbulent velocity were available for stars with solar metallicity, but they were not included in the ExoTETHyS database as the variations of the LDCs with this parameter are negligible. 1.95-3.9 R ≥100 AIRS-Ch1 3.9-7.8 R ≥30

Table 2 Nominal wavelength ranges and required binned spectral resolving power for the 6 Ariel science instruments (Ariel Payload Requirements Document, ARIEL-RAL-PL-RS-001, Issue 3.0, 31 July 2020).

The PHOENIX 2012 13 database focuses on stars of later types, such as the typical exoplanet host stars, and with solar metallicity. The corresponding models of stellar atmospheres were generated with the PHOENIX code, assuming phase equilibrium (DUSTY/COND physics).

The PHOENIX DRIFT 2012 database is specific to the coolest stars down to 1 500 K. The corresponding models of stellar atmospheres were generated with the PHOENIX code, including a detailed computation of high-temperature condensate clouds (DRIFT physics) [START_REF] Witte | Dust in brown dwarfs and extra-solar planets. II. Cloud formation for cosmologically evolving abundances[END_REF].

The two PHOENIX databases were produced expressly for computing LDC tables [START_REF] Claret | New limb-darkening coefficients for PHOENIX/1D model atmospheres. I. Calculations for 1500 K ≤ T e f f ≤ 4800 K Kepler, CoRot, Spitzer, uvby, UBVRIJHK, Sloan, and 2MASS photometric systems[END_REF][START_REF] Claret | New limb-darkening coefficients for Phoenix/1d model atmospheres. II. Calculations for 5000 K ≤ T e f f ≤ 10 000 K Kepler, CoRot, Spitzer, uvby, UBVRIJHK, Sloan, and 2MASS photometric systems[END_REF].

For targets whose LDCs can be obtained from both ATLAS and PHOENIX tables, we recommend using the PHOENIX values, as they rely on newer input physics and chemistry, and more realistic geometry. For stars with T eff = 3 000 K , the DRIFT models are more accurate than DUSTY/COND. We refer to the relevant literature for the comparison between the ATLAS and PHOENIX algorithms [START_REF] Kurucz | Model atmospheres for G, F, A, B, and O stars[END_REF][START_REF] Allard | Model Atmospheres for M (Sub)Dwarf Stars. I. The Base Model Grid[END_REF][START_REF] Allard | The Limiting Effects of Dust in Brown Dwarf Model Atmospheres[END_REF][START_REF] Castelli | Is missing Fe I opacity in stellar atmospheres a significant problem?[END_REF][START_REF] Witte | Dust in brown dwarfs and extra-solar planets. II. Cloud formation for cosmologically evolving abundances[END_REF][START_REF] Husser | A new extensive library of PHOENIX stellar atmospheres and synthetic spectra[END_REF]. Section 4 adds the comparison between intensity profiles obtained in the Ariel passbands.

New grids of stellar atmosphere models with updated input physics and chemistry are being prepared and will be available for the upcoming phases of the Ariel mission. The new information will be incorporated into the ExoTETHyS package.

LDCs for the Ariel mission

The Ariel instruments include 3 broadband photometers at 0.5-1.1 µm, and 3 infrared spectrometers covering the 1.1-7.8 µm wavelength range. Table 2 reports basic information on these instruments. The known spectral response (Figure 2) of the Ariel instruments has been taken into account for the calculation of the LDCs. The response for each instrument was obtained by multiplying the detector quantum efficiency and the total transmission of the optical train, as obtained through ExoSim [START_REF] Sarkar | ExoSim: the Exoplanet Observation Simulator[END_REF].

We provide tables of LDCs for all the instruments of the Ariel mission. These tables have been pre-calculated for the users convenience and can be found in the supplementary material provided online. Table 3 shows an example with the content of a file (e.g., name of instrument, stellar model, wavelength range, etc.). We performed calculations on wavelength bins of 0.05 µm for the NIRSpec and AIRS-Ch1 spectrometers, and 0.02 µm for AIRS-Ch0. These wavelength bins are narrower than or equal to those corresponding to the required binned spectral resolving power of Fig. 2 The calculated photon-to-electron conversion efficiencies (PCEs) for the 6 Ariel science instruments.

PHOENIX 2012 13 AIRS ch0 the instruments (see Table 2). This information is subject to small changes during the detailed definition phase C. Figures 3 and4 compare the limb-darkening profiles calculated with the ATLAS 2000 and PHOENIX 2012 13 databases for a solar-like star and a M dwarf, respectively. The two sets of profiles for the solar-like star are in good agreement for the 6 Ariel instruments, although the discrepancy in the visible photometry might be significant at >10 ppm level. The M dwarf profiles show greater disagreement, most likely due to the enhanced effect of molecular absorption. The comparison between all the analogous models from the two grids is beyond the scope of this paper. 

T eff (K) log g (dex) [M/H] (dex) λ1 (µm) λ2 ( 
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Conclusions

We discussed here the stellar limb-darkening effect on the study of transiting exoplanets and their atmospheres. We documented an open-source software, part of the ExoTETHyS package, which has been specifically designed to achieve a precision of a few parts per million in modelling the transit light-curves. By using ExoTETHyS and the spectral responses of the Ariel instruments, obtained through ExoSim, we provide pre-calculated tables of limb-darkening coefficients over 0.6-7.8 µm. The software is also available to calculate limb-darkening coefficients with settings personalised by the user, e.g., different spectral bins. The current calculations rely on ATLAS9 and PHOENIX stellar intensity spectra, which cover an overall effective temperature range of 1500-50000 K, surface gravity range of 0.0-6.0 dex, and metallicity of -5.0-1.0 dex. New grids of stellar atmosphere models covering the Ariel wavelength range of 0.6-7.8 µm are being prepared for inclusion in ExoTETHyS.

Fig. 1

 1 Fig. 1 Left panel: Normalised intensities vs. µ for a solar-like star integrated over the AIRS-Ch1 white band. Note the intensity drop-off obtained with the "original" PHOENIX models (orange) due to the spherical geometry, then rescaled (red). The ATLAS models (blue) assume plane-parallel geometry. The vertical dashed line indicates the point where the PHOENIX models are truncated in the LDCs fit with ExoTETHyS. Right panel: Analogous plot with normalised intensities vs. r.

Fig. 3

 3 Fig.3Limb-darkening profiles for a solar-like star using the LDCs from the ATLAS 2000 (blue) and PHOENIX 2012 13 (red) tables provided in the supplemental material. The left panels show the results obtained for the VISPhot, FGS1 and FGS2 photometers. The right panels show the results for the white band integrated spectrometers.

Fig.

  Fig. Analogous to Figure 3, but for an M dwarf.

Table 3

 3 The first line contains the stellar model database and the Ariel instrument name. The second line defines the column entries of the following lines: stellar effective temperature, surface gravity, metallicity, wavelength intervals, and claret-4 LDCs, respectively.

	Example	of	LDCs	table	extracted	from	supplementary	file
	ARIEL grid ldc phoenix cond airsch0.txt.				

Main GitHub repository https://github.com/ucl-exoplanets/ExoTETHyS
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