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Abstract

Context. Circumstellar discs, and especially their inner regions, which cover ranges from less than 1 au to a few au, are the birthplaces of terrestrial planets. The inner regions are thought to be as diverse in structure as the well-observed outer regions probed by ALMA.

Aims. By combining data and results from previous studies using the VLTI/PIONIER and VLTI/GRAVITY instruments with new, multi-epoch VLTI/MATISSE observations, we aim to provide a comprehensive picture of the structure of the inner regions of the circumstellar disc around the F-type Herbig Ae/Be star HD 142527 A, the primary of a binary star system.

Methods. We modelled the multi-wavelength interferometric data using a parametrised, geometrically thin disc model, allowing for azimuthal asymmetry, and exploring a first-order disc modulation and an off-centre Gaussian component.

Results. We find time-variable structures in the N-band observables, which we reproduce with time-dependent models. This variability manifests as azimuthally asymmetric emission, evidenced by strong, non-zero closure phases in the N-band data. Fits to individual epochs of the N-band observations yield better χ2r values than fits to all epochs simultaneously. This suggests substantial changes in the geometry of the inner disc emission from ∼1 au up to a few astronomical-unit scales from one year to the next. Moreover, our models produce a very close-in inner disc rim Rrim ≈ 0.1 au. Altogether, we find a very complex, substantially non-point symmetric and temporally variable disc (rout ≲ 6 au) around the primary.

Conclusions. The very close-in inner rim indicates the presence of material within the typical wall-like sublimation radius, Rrim,literature ≈ 0.3 au. The complex, temporally variable inner-disc geometry is likely affected, or even caused by, the close passage (∼5 au) and short orbit (P ≈ 24 yr) of the companion HD 142527 B.
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1 Introduction
Herbig Ae/Be and T Tauri stars are often accompanied by planetforming discs composed of gas and dust within the first 10 Myr of their existence. These discs are highly complex environments, with properties such as their mass and chemical composition influenced not only by the host star but also by various concurrent processes, including turbulence, winds, the dust grain growth and migration, and stellar accretion (Andrews et al. 2018; Andrews 2020; Benisty et al. 2023; Birnstiel 2024). Observations at millimetre wavelengths and scattered-light images at optical and near-infrared (IR) wavelengths have mapped the outer regions of these discs (Pohl et al. 2017; Garufi et al. 2017, 2018), revealing diverse structures such as rings, radial gaps, spiral arms, dust clumps, and other azimuthal asymmetries (ALMA Partnership et al. 2015; Rubinstein et al. 2018). These regions also serve as a rich reservoir of gas and dust essential for planetary system formation, as supported by numerous studies examining various disc systems (e.g. Boccaletti et al. 2020). Recent research has also provided additional approaches to identify planets embedded within these discs (Fedele et al. 2017; Teague et al. 2018; Pinte et al. 2019), and in the case of PDS 70, at least two planets have been detected (Müller et al. 2018; Keppler et al. 2018; Haffert et al. 2019).
Similarly, the inner regions likely host smaller-scale structures akin to those observed in the outer disc (e.g. Menu et al. 2015; Varga et al. 2018; GRAVITY Collaboration 2021; Kluska et al. 2022; Varga et al. 2024; GRAVITY Collaboration 2024). Emerging evidence suggests that some of these substructures, such as radial gaps, arise from young, accreting planets (Haffert et al. 2019; Pinte et al. 2019).
We aim to expand knowledge of planet formation within circumstellar discs and to complement previous and concurrent research by studying the innermost regions of the discs (from <1 au scales up to a few au). Thus, we observed the mid-IR wavelength region with the spectro-interferometric Multi Aperture Mid-IR SpectroScopic Experiment (MATISSE) instrument (Lopez et al. 2022) located at the Very Large Telescopic Interferometer (VLTI) on Cerro Paranal in Chile and operated by the European Southern Observatory (ESO). The MATISSE instrument at the VLTI offers spatial resolutions superior to those of single telescopes (e.g. the James Webb Space Telescope) and provides a broad wavelength range. These resolutions facilitate the study of the structure of the innermost disc regions.
In this work, we focus on HD 142527, a binary system composed of an F-type Herbig Ae/Be star (Hunziker et al. 2021) accompanied by an M-dwarf companion (Biller et al. 2012; Lacour et al. 2016; Christiaens et al. 2018) on an eccentric orbit (e ≈ 0.45 - 0.7, Claudi et al. 2019). HD 142527 A possesses a circumstellar disc, which was determined to be close to face-on by observations with the VLTI/Precision Integrated-Optics Nearinfrared Imaging Experiment (PIONIER) (Lazareff et al. 2017) and VLTI/GRAVITY (GRAVITY Collaboration 2019) instruments and the Atacama Large Millimeter/submillimeter Array (ALMA) (Casassus et al. 2013). These observations showed inclination angles of iin ≈ 20-33° and position angles of θin ≈ 5 - 20° (east of north). For the inner disc, fits to the N-band emission indicate a radial gap within this region, which is not resolved by either the Spectro-Polarimetric High-Contrast Exoplanet Research (SPHERE) instrument or ALMA (Menu et al. 2015; Varga et al. 2018). The companion, HD 142527 B, lies close to the inner disc (periapsis to apoapsis: ~5 - 15 au) and orbits within a large gap in the surrounding circumbinary disc (~113- 170au from east to west) (Boehler et al. 2017). A possible explanation for the large gap between the inner and outer discs is one or more unseen planets (Lacour et al. 2016). From the shadows cast from the inner onto the outer disc, Marino et al. (2015) determined the misalignment (∆ϑin-out = 70°) and the position angle of the inner disc (θin = (352 ± 5)°). The inclination and position angle of the outer disc are estimated to be iout = 38°21 and θout = 162.72 from ALMA observations (Bohn et al. 2022). These, along with information on the stellar parameters of HD 142527 A and B, plus the parameters of the companion’s orbit and the outer disc, are listed in Table 1.
In this work, we present MATISSE observations of HD 142527, combined with modelling of previous observations from PIONIER and GRAVITY data from Lazareff et al. (2017) and GRAVITY Collaboration (2019), respectively. Following earlier studies of young stellar objects (YSOs) (e.g. GRAVITY Collaboration 2021; Varga et al. 2024), we analyse these data using geometric disc models to determine the innerdisc structure. In contrast to these previous works, the extensive observations from the H to the N band also allow us to study the time variability of HD 142527 across different epochs.
The paper is structured as follows. In Sect. 2, we give an overview of the MATISSE observations and provide the necessary background on data reduction and quality assessment. We present first results, obtained directly from the observations, in Sect. 3. We explain our modelling approach in Sect. 4, and discuss it in Sect. 5, where we place the findings in a wider context. Finally, Sect. 6 summarises the main conclusions.
2 Observations
First, we provide a brief overview of the observations used, as well as the data treatment. Our work focuses on eight observations of HD 142527 on the MATISSE instrument taken from 2021 to 2023, as presented in Table A.1. These observations were obtained as part of the Guaranteed Time Observation (GTO) survey ‘Initial conditions of planet formation in protoplanetary discs with GRA4MAT and MATISSE’. We excluded any observation with a coherence time τ0 < 2 ms, seeing > 1.5", or obvious artefacts (such as glitches during observations).
Each MATISSE dataset covers a wide wavelength range from the L/M (2.8-4.2 μm/4.5-5μm) to the N band (8- 13μm). We obtained three of the eight datasets in the quadruplet using the 8.2 m Unit Telescopes (UTs). We obtained the remaining datasets with the 1.8 m Auxilliary Telescope (AT) in the small, medium, large, or extended configurations. With the associated baseline lengths B ≈ 10 −130 m, we reach spatial resolutions of [image: Mathematical equation: $\theta=\frac{\lambda}{2B}$] ≈ 30.9-2.4mas at 3 m and θ ≈ 123.8-9.5 mas at 12 μm. We were able to combine the AT with the UT observations for HD 142527 because the inner disc is fully contained within the field of view (FOV) for all configurations, whereas the outer disc lies outside it, with any scattered light from it most likely resolved out. For the N band, we used only UT observations, as the ATs have a poor signal-to-noise ratio (S/N).
The bulk of the MATISSE data were reduced using a mod-ification1 to the 2.0.2 version of the MATISSE data reduction software (DRS)2 (Millour et al. 2016) in combination with the MATISSE tools3. This modified version implements an improved coherent processing that uses the 2D Fourier transform of the interferograms (previously, it used the 1D Fourier transform), which provides more accurate estimates of the correlated flux and differential phase. To calibrate the data, we observed a bright, unresolved star with well-known properties (e.g. the limb-darkened diameter (LDD)) and time closely matching HD 142527. Varga et al. (2021) provide a detailed description of this calibration process.
From a standard reduction of a MATISSE observation, we obtain a total spectrum Fν (averaged from the four individual VLTI telescopes), six correlated fluxes Fν,corr, and four closure phases Φν,cp. We produced the single-dish spectra from the incoherently reduced and chopped data, whereas the correlated fluxes and the closure phases stem from the coherently reduced, nonchopped data. The studies by Lopez et al. (2022) and Varga et al. (2021, 2024) provide detailed descriptions of a typical MATISSE observation and the data reduction. In this work, we provide a brief overview of the differences between the chopped and non-chopped observing modes, as well as the incoherent and coherent reduction methods. When chopping is active, the pointing of the telescopes intermittently switches from the object to the sky background. This improves the S/N of the total spectrum by enabling background subtraction, but interferes with the stability of the interferometric fringe tracking (Woillez et al. 2024). This worsens the quality of the correlated flux and differential phase measurements. We therefore used the non-chopping mode for these quantities. In this mode, the background for the interferometric observables is removed via optical path difference (OPD) modulation. During reduction in the coherent mode, the individual frames of the observation are aligned, preserving the phase information (Lopez et al. 2022). We then computed the noisy correlated flux estimator over the entire exposure, from which we extracted the correlated flux and the differential phase. In incoherent mode, we averaged the measured intensities without preserving the phase information of the individual frames (Petrov et al. 2020). We obtained all observations in this work either in low, medium, or high spectral resolution and then binned them to low resolution during the reduction and post-processing. This yielded data with spectral resolutions of [image: Mathematical equation: $R=\frac{\lambda}{\Delta\lambda}\approx34$] in the L and M band, and of R ≈ 30 in the N band.
In addition to the MATISSE data, we used archival H band (1.5 - 1.85 μm) observations from the Optical interferometry DataBase (OiDB) at the Jean-Marie Mariotti Centre (JMMC), obtained with the PIONIER instrument (Lazareff et al. 2017). Moreover, we used K band observations (1.95 - 2.45 μm) provided by the GRAVITY collaboration (GRAVITY Collaboration 2017).
Table 1 
Stellar parameters of HD 142527 A and B, together with outer disc and orbital parameters of the companion.

3 Results
Before modelling, we interpret the calibrated data from the Figs. presented in Appendix A. Within the H, K, L, and N bands, the correlated fluxes reach values of 3.46, 3.02,2.03, and 0.63 Jy for the longest baselines of 139.93, 129.23, 130.19, and 130.19m, across all observations. For the same observations and baselines, the closure phases reach values of 2°.67,2°.52,10°.97, and 47°.20.
We focus on the N -band data of HD 142527 as they allow us to probe the disc up to a few astronomical units. The correlated fluxes reveal contributions from spatially unresolved disc regions. At first order, longer baselines (i.e. higher spatial frequencies), probe disc regions closer to the centre and smaller in extent (Buscher 2015). The lower spatial frequencies of the N band, coupled with its sensitivity to cooler dust, make it a good indicator of the structure and composition of the extended inner disc regions (up to ~10 au). Moreover, HD 142527 shows strong silicate features in both total spectra and correlated fluxes (Fig. A.1). In particular, in the N band, the silicate features disappear at several spatial frequencies (Figs. A.4 and A.5). This could indicate a multiple-zone structure that cancels the silicate emission (e.g. Varga et al. 2024). The prominence of the silicate feature aligns with previous observations by van Boekel et al. (2005) and Juhász et al. (2010). The total spectra of the three epochs exhibit a very similar shape, with several crystalline silicate peaks, notably the 11.3 μm forsterite peak. Moreover, we find a −10% flux-level variability across the epochs. This variation remains within the flux calibration uncertainties and is consistent with archival N-band data obtained with Wide-field Infrared Survey Explorer (WISE), Infrared Space Observatory (ISO)/Short Wavelength Spectrometer (SWS), and Spitzer Space Telescope (SPITZER). The other N-band observable is the closure phase Φν,cp, which traces brightness asymmetries. HD 142527 shows large closure phases across epochs, suggesting a complex structure.
In contrast, the shorter-wavelength bands (H, K, L, and M) resolve compact structure close to the star (sub-au scales), due to the higher spatial frequencies from the AT observation. This wavelength range shows a less pronounced signal for the closure phase, which increases from the H band to the M band.
Comparing the N-band observations to the shorter wavelengths reveals that HD 142527 is already quite resolved (i.e. the correlated fluxes are closer to zero), whereas the opposite holds for the shorter wavelengths. This results partly from the star contributing more at the shorter wavelengths, yielding higher correlated fluxes. Moreover, we observe a first zerocrossing of the complex correlated fluxes at spatial frequencies ~15Mλ, with the next zero-crossing presumably occurring at spatial frequencies beyond our coverage (~120 - 150Mλ). The spatial frequency of zero-crossings is a particularly robust feature of our data, as it is unaffected by calibration uncertainties. An increase in the closure phase from the H to the N band is also apparent. This indicates a relatively symmetric structure on the smallest scales we resolve, whereas the larger scales of ~ 1 au show stronger asymmetry. This asymmetry suggests a two-component structure with an asymmetric, extended component at longer wavelengths and a more compact, relatively symmetric component at shorter wavelengths. We explore this further through geometric modelling in Sects. 4.3 and 5.
4 Modelling
We model our data using a geometrically thin disc model, first without and then with azimuthal asymmetries. We obtain the opacity of the disc material from a fit to the total spectrum in the N band (Sect. 4.1), which reveals a silicate emission feature with strong signs of high-temperature dust processing (e.g. Bouwman et al. 2001; van Boekel et al. 2004, 2005; Juhász et al. 2010). From this fit, we derive a ‘silicate’ and ‘continuum’ opacity component that we use in the interferometric modelling, allowing their relative ratio to vary across the different disc zones (Section 4.2.2).
As we lack sufficient sampling of spatial frequencies (u, v) for image reconstruction, we applied a parametric modelling approach. We fitted our model M to data D using Bayesian inference, implemented via the dynesty package (Speagle 2020). The stopping criterion for this algorithm is the difference ∆ ln Zi between the current estimated Zi and the remaining evidence ∆Zi at each iteration i. We chose ∆ ln Zi < 0.01, which ensures convergence when the sampler terminates. We employed flat priors π(Θ) ≡ P(Θ, M) for all parameters. The number of live points Ki (i.e. samples drawn from the prior volume X) was set to 1000. Parameter values Θ are the sample median, while the lower and upper uncertainties are the samples at 2.5 and 97.5%, respectively. Appendix B provides further details on the fitting algorithm and Table C.1 gives an overview of all model parameters.
We de-reddened the data, assuming foreground extinction (see Appendix D.1) to enable the comparison of the model to the data. To ensure an equal weighting of the wavelength bands during the model fitting, we imposed a lower limit on the errors: a minimum of 5% (of the data) for the total spectrum and correlated fluxes, and 5° for the closure phases. For computational efficiency, we applied spectral binning with a window size of ∆λ = 0.2 μm for the H and K bands, and ∆λ = 0.1 μm for the remaining bands.
4.1 Dust opacity model
We determined the opacity of disc material around HD 142527 A from a fit to the total N-band spectrum. This was not a quantitative dust-spectroscopy analysis; rather, we sought a well-fitting opacity across the disc model’s wavelength range (Sect. 4.2.2).
The dust opacity model (see van Boekel et al. 2005) is described in Appendix E. Table E.1 and Fig. 1 present the resulting best-fit dust composition4.
The HD 142527 system is unresolved in the total spectrum and thus does not provide insight into the disc’s dust composition or its local distribution. In contrast, the correlated fluxes provide spatial information on the dust composition (e.g. Varga et al. 2024). Nevertheless, for simplicity, we kept the silicate mineralogy spatially constant in our modelling, allowing only changes to the silicate-to-carbonaceous ratio (Eq. (4)). Consequently, our disc models do not reproduce the mineralogy gradient of the correlated fluxes (Fig. A.4).
	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 Opacity fit. The model (black) overlays the averaged N-band UT data (orange). We exclude the PAH flux contribution from the model curve, as in the disc modelling in Sect. 4.2.



4.2 Model components
Our disc models consist of a central star (i.e. a point source; Sect. 4.2.1), an asymmetric temperature-gradient disc (Sect. 4.2.2), and an off-centre Gaussian component (Sect. 4.2.3). We derive the complex correlated fluxes [image: Mathematical equation: $\mathfrak{F}_{\nu}(q^\prime)$]5 below. Appendix F shows the computation of the observables from the complex correlated flux, and an in-depth description of all applied models follows in Sect. 4.3.
4.2.1 Star
The primary star is the central component of the disc model. Its estimated angular diameter is only ≈0.23 mas (see Appendix D), so the star remains spatially unresolved in our observations. We treat it as a point source, whose complex correlated flux is given by
[image: Mathematical equation: \mathfrak{F}_{\nu,\star}=F_{\nu,\star}\exp(2\pi\mathrm{i}q^{\prime}(\alpha\cos(\psi)+\beta\sin(\psi))),](1)
where α and β are the angular coordinates (in radians) of the image plane in directions of right ascension (RA), and (Dec), respectively, and ψ is the angle corresponding to the de-projected spatial frequency q′. For the fitting procedure, we used the polar representation of the angular coordinates, where ρ is the separation from the centre and the position angle Φ (east of north) (Berger & Segransan 2007). Appendix D.1 details the derivation of the stellar flux Fν,*.
4.2.2 Asymmetric temperature-gradient disc
The disc model consists of one or more zones surrounding the primary star. Each zone (index n) is the result of integrating over infinitesimally thin rings (see Berger & Segransan 2007) with an emergent intensity Iν,n. These rings can include an additional azimuthal modulation (Lazareff et al. 2017). We now describe the emergent intensity using a power-law approach and show how it connects to the complex correlated flux.
We require the source function Bν(T) to determine the zone intensity. The source function depends on a temperature distribution:
[image: Mathematical equation: T(r)=T_0\left(\frac{r}{R_0}\right)^q.](2)
The radial behaviour of the temperature profile is determined by its power-law index q, where T0 is the temperature at reference radius R0 = 1 au. Multiple zones share a single temperature profile. We also need the emissivity εν,n to describe the intensity. The emissivity depends on the optical depth τν,n, itself determined by the zone surface density:
[image: Mathematical equation: \Sigma_n(r)=\Sigma_{0,n}\left(\frac{r}{R_0}\right)^{p_n}.](3)
Here, Σ0,n is the surface density at R0 and pn is the power-law index. Combined with the absorption-opacity curve of silicates κν,abs,sil the carbonaceous grain continuum κν,abs,cont, and the mass fraction wcont,n, we obtain the vertical optical depth
[image: Mathematical equation: \tau_{\nu,n}(r)=\Sigma_n(r)[(1-w_{\text{cont},n})\kappa_{\nu,\text{abs,sil}}+w_{\text{cont},n}\kappa_{\nu,\text{abs,cont}}].](4)
Accounting for inclination effects, the vertical optical depth is modified along the line of sight, and we obtain the emissivity
[image: Mathematical equation: \epsilon_{\nu,n}(r)=1-e^{-\tau_{\nu,n}\left(r\right)/\cos(i)}.](5)
Multiplying this emissivity by the radially dependent source function gives the emergent intensity of the zone:
[image: Mathematical equation: I_{\nu,n}(r)=\epsilon_{\nu,n}(r)B_\nu\left(T(r)\right).](6)
From Lazareff et al. (2017) we obtain the complex correlated flux for an azimuthally modulated, infinitesimally thin ring:
[image: Mathematical equation: \mathfrak{F}_{\nu,\text{ring},n}=\sum^{\ell}_{m=0}(-\mathrm{i})^mA_{n,m}\cos(m(\psi-\phi_{n,m}))J_m\left(\frac{2\pi q^\prime\nu}{c}r\right).](7)
Here, Jm is the Bessel function of the first kind of order m, An,m is the modulation amplitude, and φn,m is the modulation angle. All orders up to l contribute to the ring, which is symmetric for l = 0 (i.e. J0 and An,0 = 1), and azimuthally asymmetric for l ≥ 1. Using the intensity of Eq. (6) and integrating over the solid angle Ω yields the complex correlated flux for the azimuthally modulated disc zone,
[image: Mathematical equation: \mathfrak{F}_{\nu,n}=2\pi\cos(i)\int^{R_{\text{out},n}}_{R_{\text{in},n}}\mathfrak{F}_{\nu,\text{ring},n}I_{\nu,n}(r)r\odif{r}.](8)
The zone extends from an inner radius Rin,n to an outer radius Rout,n. For this component, we used the ALMA observations of the outer disc from Bohn et al. (2022) in combination with the misalignment (∆ϑin-out = 70°) from Marino et al. (2015) (see also Table 1) to compute6 the inclination of the inner disc, and fix the inclination to iin = 32°05 and the position angle to θin = 352°. We followed this approach because Nowak et al. (2024) demonstrate that the angle convention of Bohn et al. (2022) is inconsistent with the observed shadows cast by the inner disc onto the outer disc of HD 142527.
4.2.3 Gaussian
The correlated-flux behaviour (i.e. the zero-crossing; see Sect. 3) suggests a more spatially confined asymmetric component. We therefore chose an off-centre Gaussian whose complex correlated flux (given by Berger & Segransan 2007) we multiply by a source function Bν(T(ρ)), a scale factor f, and the emissivity εν as follows:
[image: Mathematical equation: \mathfrak{F}_{\nu,\text{Gauss}}=f\epsilon_\nu B_\nu(T(\rho))\exp\left(-\frac{(\pi aq^\prime)^2}{4\ln2}\right).](9)
Here, the temperature is computed via Eq. (2), using the power law of the accompanying disc component(s) T(r) at Gaussian position ρ. The Gaussian size is given by the full width at half maximum (FWHM) a. The emissivity follows Eq. (5), except that Σ is a fit parameter rather than a power-law derivation.
As we cannot resolve this component and assume that it is compact, we fixed the FWHM to a = 2.57 mas (≈0.41 au for d = 159.3 pc). This choice provides sufficient flux to reproduce the signatures seen in the data while keeping the component unresolved in the N band.
4.3 Model geometries
The following section describes the modelling approaches used in this work. Each model is centred on a point source (Sect. 4.2.1) representing HD 142527 A. We excluded the companion HD 142527 B from our model because it is 4.5 mag fainter than the primary in the H band (see Lacour et al. 2016) and shows no definite signal in our data.
Previous studies indicate a gapped disc around HD 142527 A (e.g. Menu et al. 2015). We therefore first compared two azimuthally symmetric disc models (Sect. 4.2.2): a one-zone (continuous) and a two-zone (gapped) disc model. Using this symmetric approach, the gapped model provided the best fit to the data.
To reproduce the large closure phases in the N band (Sect. 3), we introduced an asymmetry. We selected the simplest asymmetric model; a first-order azimuthal modulation (I = 1). Using this asymmetric two-zone disc model, we observe three effects. First, the large errors on the closure phases of the H, K, and L bands prevented us from constraining the modulation of the inner zone, although the formal goodness of fit improved. Furthermore, the closure phases of these bands exhibit only a weak signal. This wavelength region is dominated by the innermost disc. To reduce the number of free parameters, we removed the modulation of the inner zone and retrained only the outer zone modulation. Second, a global asymmetry failed to adequately reproduce all visibility and phase signals, particularly the zero-point crossing, which is the most robust feature of our dataset (see Fig. A.4) and is unaffected by systematics or calibration issues. We infer that fitting this feature requires a more localised, smaller asymmetric emission than the global l = 1 modulation. Third, fitting all N-band data simultaneously results in a worse χ2 than fitting the individual N-band epochs with epoch-dependent parameters. This suggests temporal variability in the N -band intensity distribution.
We therefore tested simple localised asymmetric emission, specifically an off-centre Gaussian. This phenomenological modelling approach yields significantly better fits than the firstorder modulation. Epochs-specific fits again yield better results than fitting one model to all epochs simultaneously. This supports the assumed temporal variability, which we interpret in Sect. 5.2.
Due to the limited (u, v) coverage per epoch and the evidence for temporal variability, we did not attempt to fit more complex model geometries.
	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 System sketch. The host star HD 142527 A (orange star) is orbited by its companion HD 142527 B (blue star at apoapsis). We computed the orbit (blue) using parameters from Nowak et al. (2024) and used the same parameters to derive the positions of the MATISSE epochs (teal squares). Bottom right : SPHERE observations of the outer disc (Avenhaus et al. 2017) showing the orbit (light blue) of the companion.



5 Discussion
5.1 The role of the stellar companion
We calculated the orbit of the companion HD 142527 B using the parameters of Nowak et al. (2024) listed in Table 1 and find that the three N -band UT observations occurred near periapsis passage (Fig. 2). We suggest that this close passage, combined with the short orbital period (~24 yr), strongly perturbs the disc, creating a complex and time-variable disc structure.
To infer the companion’s influence on the primary’s disc, we compute the Hill radius (Eggleton 1983; Hamilton & Burns 1992):
[image: Mathematical equation: R_\text{H}\approx a(1-e)\sqrt[3]{\frac{M_\text{B}}{3(M_\text{A}+M_\text{B})}}.](10)
Here, a is the semi-major axis, e is the eccentricity, and MA and MB are the masses of the primary and secondary, respectively. Applying the stellar parameters from Table 1, Eq. (10) results in RH ≈ 2 au, roughly half the separation between the primary and secondary (~5 au). This strongly influences the disc (rout ≲ 6 au) and likely generates complex structures. Moreover, perturbations caused by interactions with the secondary may deplete disc material, necessitating replenishment processes to explain the continued existence of the disc (e.g. streamers, see Casassus et al. 2015).
The companion could also induce a time-variable asymmetry through alternative mechanisms, such as heating the disc midplane or via shock processes. This would also explain the high crystallinity observed in HD 142527 by providing temperatures sufficient to crystallise additional dust farther from the primary (Harker & Desch 2002; van Boekel et al. 2004). The SPHERE observations by Avenhaus et al. (2017) support this scenario, revealing complex emissions just beyond 4 au.
Table 2 
Comparison of fit goodness (i.e. [image: Mathematical equation: $\chi^2_\text{r,tot}$]) per model.

5.2 Nature of the asymmetry
To investigate the prominent N-band asymmetry, we build on the step-by-step evolution of our modelling approaches described in Sect. 4.3 and demonstrate that time-variable models, which account for the possibility of interactions between the disc and companion (Sect. 5.1), yield the best results. Table 2 compares the goodness-of-fit of the different model geometries.
Fully symmetric models (e.g. M1) cannot reproduce the nonzero closure phases observed in the N band. We first confirmed that a gapped disc (i.e. two-zone disc) model could be a good fit to the data. This is supported by the disappearance of the silicate feature in the correlated fluxes at some spatial frequencies (Figs. A.1 and A.4) similar to HD 144432, where a secondary component counteracted the silicate emission from the primary component (Varga et al. 2024). In the asymmetric two-zone model, further evidence for a gap comes from the resolved component in the N-band correlated fluxes and the decreasing closure phases at shorter wavelengths (Sect. 3), which indicates a less asymmetric structure closer to the star.
However, in Sect. 4.3, we note that the zero-crossing, a robust feature of our data, is not reproduced by the time-variable two-zone disc model, while the first and third epochs (2021 and 2023) are reasonably well-fitted. This suggests that the true intensity distribution on-sky exhibits a more spatially confined, off-axis emission component than a disc with a global cosine-like azimuthal intensity modulation can provide.
We therefore constructed a model with a central star, an azimuthally symmetric disc component, and a relatively compact off-axis component. We assume that the off-axis component is too compact to be significantly spatially resolved in the N band and, for simplicity, model it as a symmetric Gaussian with a FWHM of a ≈ 2.6 mas. The free parameters in this model are the Gaussian’s position relative to the disc centre for each epoch and its relative intensity across all epochs. This approach successfully reproduces the zero-crossing in the 2022 epoch. Figs. 3 and 4 illustrate this model, while Table 3 lists the best-fit parameters.
We tested whether the angular position of the asymmetry correlates with the companion’s position7, but find no clear correlation between the companion and the best-fit position of the asymmetry per epoch. Neither of the explored models fully reproduces the observations, and in both cases the asymmetric element changes substantially from one epoch to the next, even between the second and third epochs, where the difference in the hour angle of the observations, and hence (u, v) coverage, is small. This suggests that the true intensity distribution is more complex than the models explored here and varies on the ~ 1 yr timescale that our observations probe.
Given the limited (u, v) coverage of a single observation, fitting a model with significantly more complexity than the geometries explored here is not justified. At the same time, temporal variability complicates the combination of observations obtained over several years. Objects such as HD 142527 require dedicated imaging-like campaigns with the UTs, in which good (u, v) coverage is collected within a time span ≪1 yr.
Nevertheless, our qualitative findings (i.e. a geometry deviating strongly from an azimuthally symmetric configuration with temporal variability on ≲1 yr timescales) provide useful insight into the gravitational interaction between the circumprimary disc and the low-mass stellar companion on its highly eccentric orbit. Price et al. (2018) presents simulations of this system8 in which the inner disc is strongly distorted during each periapsis passage of the companion and does not have time to settle between periastron passages. The disturbance proceeds from the outside-in, such that disc regions of roughly 1-few au, to which our N-band observations are sensitive, are more strongly affected than the regions closer to the star probed by our L-band observations. In the L band, we see a more symmetric, less distorted geometry, as indicated by the smaller closure phases compared to the N band. The orbital parameters of the HD 142527 system have been substantially revised since Price et al. (2018) with the orbit derived by Nowak et al. (2024), having both a shorter period and a closer periapsis distance than any of the configurations explored in the earlier simulations. A strongly distorted and temporally variable geometry is therefore likely, and we conclude that our observations qualitatively support this scenario, but emphasise the need for a dedicated interferometric imaging-like observation strategy with the UTs.
	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 Best-fit, one-zone disc model with off-centre Gaussian asymmetry. The data (coloured lines) are overlaid with the model (black crosses). Figure G.1 shows the residuals of the plots. Left : total spectrum Fν. Middle : correlated fluxes Fν,corr. Right : closure phases Φν,cp. Top : PIONIER (H band), GRAVITY (K band), and MATISSE (L and M band) data, fitted with all N-band datasets. Row 1 : fit to the shorter wavelengths shown at the example of the first N-band epoch. Rows 2-4: first to third N-band epochs (2021, 2022, and 2023).



	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 Model surface-brightness images. Left to right : Epochs 2021, 2022, and 2023. Top : two-zone disc model. Bottom : best-fit, one-zone disc model with a Gaussian.



5.3 A very close-in rim
Throughout the different model geometries, we consistently find the innder disc rim at Rrim ≈ 0.1 au. Assuming a sublimation temperature of Trim,literature = 1500 K and inserting this, together with the values from Table 1, into the expression for the sublimation radius (Dullemond & Monnier 2010),
[image: Mathematical equation: R_\text{rim}=\sqrt{\frac{L_\star}{4\pi\sigma T_\text{rim}^4}}=R_\star\left(\frac{T_\star}{T_\text{rim}}\right)^2 \label{eq:sublimationRadius},](11)
results in Rrim = 0.3 au. Here, Trim is the temperature at the inner rim of the disc, σ is the Stefan-Boltzmann constant, and L*, R*, and T* are the stellar luminosity, radius, and effective temperature, respectively. The sublimation radius computed from the theoretical assumption does not agree with the value derived from our data. However, such a close-in inner rim is supported by previous studies (e.g. Benisty et al. 2010b, 2011; Varga et al. 2024). These studies reported material located beyond the sublimation radius and/or at temperatures higher than expected. In addition, earlier studies on this target by the PIONIER (Lazareff et al. 2017) survey determined Rrim ≈ 0.05 au, and Rrim ≈ 0.13 au with the GRAVITY (GRAVITY Collaboration 2019) survey. We compare the theoretically assumed temperature at the inner rim by computing the temperature at Rrim = 0.1 au with the power law of our best-fit model (T0 = 599.74 K and q = −0.55; Table 3). This yields a sublimation temperature Trim ≈ 2100 K that differs by ~600 K from literature values. Several factors may contribute to this discrepancy between the calculation and the model fit. First, the assumed sublimation temperature Trim,literature = 1500 K, is an oversimplification, as it does not account for the diversity of dust grains (Gail 2004). Various materials sublimate at higher temperatures.
Varga et al. (2024) and Flock et al. (2025) present different materials that could explain a close-in inner rim. Examples include corundum (Trim ≈ 1850 K) and tungsten (Trim ≈ 2000 K). However, chemical equilibrium modelling by Varga et al. (2024) predicts that these species occur at abundances too low to produce observable spectral features, which are indeed absent. In our modelling, we therefore chose amorphous carbonaceous grains for the continuum as these are featureless across our wavelengths. Iron grains would perform better than carbonaceous grains (see Appendix E). Their presence in the inner regions is supported by observations of atomic jets containing iron (Assani et al. 2024; Caratti o Garatti et al. 2024), which require high speeds only available closer to the star. However, because iron is also featureless, we cannot distinguish it from carbonaceous grains in our modelling. Another potential explanation for the very close-in inner rim is emission from hot gases. Benisty et al. (2010a) showed that emission from hot gas in these regions, would require the presence of spectral lines in the spectral energy distribution (SED). We therefore inspected archival X-shooter spectra of HD 142527 (Mendigutía et al. 2014; Fairlamb et al. 2015) for emission lines in the near infrared. These spectra show hydrogen lines (Brγ, Paβ,γ) and a few weak, isolated lines that we did not identify. This is inconsistent with dense gas being the dominant source of opacity in the inner disc region. We therefore conclude that dust likely survives farther inward and is detected by our observations (e.g. Klarmann et al. 2017).
Table 3 
Parameters of the best-fit, time-dependent, one-zone disc model with a Gaussian asymmetry (corresponding to model M3 in Table 2).

6 Summary and conclusions
We present a chromatic and geometric disc model (Sect. 4) to probe the composition and structure of the circumstellar disc around HD 142527 A. We used photometric and interferometric data in the infrared spanning a wide wavelength range, from archival VLTI/PIONIER observations (H band) to VLTI/GRAVITY data (K band), and new observations from our GTO VLTI/MATISSE survey (L, M, and N bands).
Our key findings can be summarised as follows.

	Our MATISSE data reveal large closure phases Φνcp and strong silicate features in both total spectra Fν and correlated fluxes Fν,corr (Sect. 3), confirming earlier observations by van Boekel et al. (2005) and Juhász et al. (2010). The closure phase signals increase in amplitude with wavelength, while the silicate features weaken towards longer baselines and vanish entirely at some spatial frequencies.


	Both models we applied, a two-zone disc (Sect. 4.2.2) with a first-order modulation in the outer zone and a one-zone disc with a localised off-centre Gaussian asymmetry (Sect. 4.2.3), fail reproduce the N band of all epochs simultaneously. Only the best-fit model incorporating an off-centre Gaussian reproduces the robust zero-crossing measurement observed in the 2022 epoch (Fig. 3).


	We obtain the best fit to our data by implementing a timedependent asymmetry for each N-band epoch and incorporating information from the shorter wavelength bands. To achieve this, the parameters defining the asymmetry have an iteration for each epoch, while the remaining parameters are shared across epochs (Sect. 5.1).


	By combining the near-IR with the new L-band information, we place the inner rim at Rrim ≈ 0.1 au (Sect. 5.3). This is consistent with earlier H- and K-band surveys (Lazareff et al. 2017; GRAVITY Collaboration 2019) and implies rim temperatures of Trim ≈ 2100 - 2200 K for both the one-zone-plus-Gaussian and the two-zone disc models. In contrast, assuming a wall-like inner rim and a sublimation temperature of Trim,literature = 1500 K (Dullemond & Monnier 2010) places the inner rim farther out at Rrim,literature = 0.3 au.



From this, we conclude that:

	The circumstellar disc around HD 142527 A exhibits a complex, strongly non-point symmetric, and temporally variable geometry. Our best-fit model shows no direct connection between the separation and/or position of the azimuthal asymmetry and the stellar companion HD 142527 B. Nevertheless, the very complex state of the innermost disc region is, likely, caused by the close pass (Fig. 2) and short orbit (P ≈ 24 yr) of the companion, which together with its large Hill radius of RH ≈ 2 au, strongly perturbs the disc (rout ≲ 6 au) around the primary (Sect. 5.1). This is supported by hydrodynamical simulations from Price et al. (2018).


	We cannot fully constrain the movement of the asymmetry or explain its position given the interval between epochs (~1 -−1.3 yr). This suggests that the asymmetry is intrinsically more complex (potentially involving multiple clumps or spirals), as observed in other planet-forming discs (see Setterholm et al. 2025). Further investigation would require more sophisticated models (e.g. higher orders of modulation l > 1 for the two-zone model) or image reconstruction. However, we lack sufficient data coverage to justify these approaches.


	The discrepancy between the spatial extent of the inner edge from the literature and our findings likely reflects one of several factors. These may include an oversimplified view of the sublimation radius (i.e. not accounting for different dust grain species, see Gail 2004), hot and dense gas (Benisty et al. 2010a), or material present farther inwards (Klarmann et al. 2017). Analysis of X-shooter spectra (Mendigutía et al. 2014; Fairlamb et al. 2015) excludes dense, hot gas as a potential source for the rim located farther inwards. We therefore conclude that the inner rim of Rrim ≈ 0.1 au most likely reflects a different dust composition or material farther inward.



Due to the complexity of the object, an in-depth study of the position and movement of the asymmetry likely requires more data. This could be achieved with a dedicated MATISSE imaging-style campaign using the UTs obtained during a single epoch (ideally the same night, or at least the same period) with denser sampling in (u, v) space (roughly five hour angles spaced by an hour). Additionally, observations obtained farther from the periapsis passage (e.g. around 2027, near apoapsis) could provide additional insight into the companion’s effect on the disc. Finally, radial velocity measurements (e.g. with the VLT/Echelle Spectrograph for Rocky Exoplanet- and Stable Spectroscopic Observations (ESPRESSO) instrument) could constrain the orbiting speed and direction of the asymmetry.

Data availability
The code used for data analysis and plotting (incl. csv. tables), which employs the oiplot package (https://zenodo.org/records/16727743), is available at https://zenodo.org/records/18922120. The model-fitting code from the ppdmod package is available at https://zenodo.org/records/16728341.
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1 Expected to be included in the official 2.3.0 release by ESO.


2 Provided by ESO at https://www.eso.org/sci/software/pipelines/matisse.


3 Additional data-reduction tools are available at the MATISSE GitHub organisation: https://github.com/Matisse-Consortium/tools.


4 Detailed analysis from van Boekel et al. (2005) and/or Juhász et al. (2010) (both using grains computed via the DHS method) yield dust compositions significantly different from ours.


5 For brevity, we shorten the de-projected spatial frequency q′ = q′(i, θ) and omit it as a parameter of the complex correlated flux.


6 For this computation, we rearranged and recursively solved Eq. (7) from Bohn et al. (2022): [image: Mathematical equation: $i_\text{in}=\arccos[(\cos(\Delta\vartheta_\text{in-out})-\sin(i_\text{in})\sin(i_\text{out})\cos(\theta_\text{in}-\theta_\text{out}))/\cos(i_\text{out})]$].


7 θB = 301°.882, 264°.368, 230°.611 east of north, for epochs 2021, 2022, and 2023, respectively.


8 Available at https://users.monash.edu.au/~dprice/pubs/HD142527/.


9 Available at https://www.stsci.edu/hst/instrumentation/reference-data-for-calibration-and-tools/astronomical-catalogs/calspec.


10 Available at https://github.com/cdominik/optool




Appendix A  Observations
Table A.1 
The HD 142527 observations used in this study.

	[image: Thumbnail: Fig. A.1 Refer to the following caption and surrounding text.]	Fig. A.1 MATISSE N-band observations of HD 142527 (Table A.1). Left to right : Baseline distribution (Bx, By), single dish spectra Fν, correlated fluxes Fν,corr, and closure phases Φν,cp.



	[image: Thumbnail: Fig. A.2 Refer to the following caption and surrounding text.]	Fig. A.2 Individual L/M-band, MATISSE observations of HD 142527 (Table A.1). Layout is identical as for Fig. A.1. Single-dish spectra originate from chopped mode, with the other observables from non-chopped mode. Emission peaks not relevant to this study, poor-quality data, and ranges outside the band windows were flagged and are not shown.



	[image: Thumbnail: Fig. A.3 Refer to the following caption and surrounding text.]	Fig. A.3 Continuation of Fig. A.2



	[image: Thumbnail: Fig. A.4 Refer to the following caption and surrounding text.]	Fig. A.4 Overview of binned data used for model-fitting. Left to right : Single dish spectra Fν, correlated fluxes Fν,corr, and closure phases Φν,cp. Top to bottom : Data from H-N bands, a zoom-in to the H - M bands, and a zoom-in to the N band.



	[image: Thumbnail: Fig. A.5 Refer to the following caption and surrounding text.]	Fig. A.5 Baseline distribution (Bx, By) of all N-band epochs. Each plot shows correlated fluxes Fν,corr (coloured lines) in its top-left corner overlaid with the model (black lines) at baseline positions (coloured crosses) and equidistant baseline contours (green-dashed circles; 50m step-width). Additionally, zero lines of the y-axis (grey-dashed lines) correspond to the correlated flux curves. Left to right : Three N-band epochs (2021, 2022, and 2023). Top : Two-zone disc model. Bottom : One-zone disc model with a Gaussian.




Appendix B  Model fitting
We chose Bayesian inference, more specifically nested sampling, to fit our model to the data. Nested sampling efficiently explores the probability distribution of the parameter space (even if not well-defined; typically problematic with Markov Chain Monte Carlo (MCMC) methods). It estimates the evidence
[image: Mathematical equation: \mathcal{Z}\equiv P(\vec{D}\vert M)=\int^\infty_{0}X(x)\odif{x}=\int\mathcal{L}(X)\odif{X},](B.1)
by treating the integral of the posterior over all parameters as an integral over the prior volume
[image: Mathematical equation: X(x)=\int_{\vec{\Theta}:\mathcal{L}(\vec{\Theta})>x}\pi(\vec{\Theta})\odif{\vec{\Theta}}](B.2)
instead. Then, the iso-likelihood contour [image: Mathematical equation: $\mathcal{L}_i=\mathcal{L}(X_i)$] associated with samples is evaluated from the prior volume and the evidence computed over ‘nested’ shells. At each iteration i, the remaining evidence in the prior volume is roughly bounded by [image: Mathematical equation: $\Delta\mathcal{Z}_i\approx\mathcal{L}_\text{max}X_i$]. The difference between remaining and current evidence Zi,
[image: Mathematical equation: \Delta\ln\mathcal{Z}_i\equiv\ln\left(\mathcal{Z}_i+\Delta\mathcal{Z}_i\right)-\ln\mathcal{Z}_i,](B.3)
serves as the stopping criterion (Skilling 2004; Speagle 2020). We use the least-squares minimisation for the likelihood
[image: Mathematical equation: \mathcal{L}(\vec{\Theta})\equiv P(\vec{D}\vert\vec{\Theta},M)\equiv\chi^2(\vec{\Theta})=\sum^{N}_{n=1}\left(\frac{\vec{y}_n-M(\vec{\Theta})}{\sigma_n}\right)^2,](B.4)
enabling the fitting of a model to data of N points yn measured with (uncorrelated) errors σn. Estimating the fit-goodness and for model comparison, we also use the reduced form:
[image: Mathematical equation: \chi^2_\text{r}(\vec{\Theta})=\frac{\mathcal{L}(\vec{\Theta})}{N-N_{\vec{\Theta}}},](B.5)
which takes the degrees of freedom (DOF) N - NΘ into account (Andrae et al. 2010). The number of model parameters NΘ may vary between epochs (i.e. time-variable parameters) and/or for each observable.
The likelihood L consists of contributions from the total spectra, the correlated fluxes, and the closure phases, which are computed separately and subsequently summed up:
[image: Mathematical equation: \mathcal{L}_\text{tot}=w_{F_\nu}\mathcal{L}_{F_\nu}+w_{F_{\nu,\text{corr}}}\,\mathcal{L}_{F_{\nu,\text{corr}}}+w_{\Phi_{\nu,\text{cp}}}\,\mathcal{L}_{\Phi_{\nu,\text{cp}}}.](B.6)
However, the total reduced least squares [image: Mathematical equation: $\chi^2_\text{r,tot}$] is generally not a simple addition as DOF for the whole model need to be taken into account.
We only use the weights w, to achieve an equal contribution of the observables in respect to their amount of data points. Interferometric instruments at the VLTI have, per observation and frequency element ν, the following distribution of data points for each observable
[image: Mathematical equation: \begin{flalign} \nonumber n_{\nu,F_\nu}=N\lor1,& \\ \nonumber n_{\nu,F_{\nu,\text{corr}}}=\frac{N(N-1)}{2},&\qquad\text{with}\qquad\begin{pmatrix} N \\ 2 \end{pmatrix}, \\ n_{\nu,\Phi_{\nu,\text{cp}}}=\frac{N(N-1)(N-2)}{6},&\qquad\text{with}\qquad\begin{pmatrix} N \\ 3 \end{pmatrix}. \end{flalign}](B.7)
Here, nν,Fν is the number of single-dish spectra (often averaged; i.e. nν,Fν = 1), nν,Fν,corr the number of correlated fluxes, and nν,Φν,cp the number of closure phases, with N being the number of telescopes.

Appendix C  Model parameters
Table C.1 
Model parameters.


Appendix D  Stellar spectrum and parameters
To estimate the contribution of the stellar photosphere to our observed signals, we perform model atmosphere fitting to optical photometry of HD 142527. We use the effective temperature T* = 6500 K derived by Fairlamb et al. (2015), from X-shooter spectroscopy, and use their spectroscopically derived surface gravity of log g = 3.93 as an initial value. We calculate synthetic photometry from a reddened PHOENIX model spectrum by Hauschildt et al. (2025), with the corresponding parameters adopting solar composition. Then, we tune the apparent stellar diameter θ and the V-band extinction AV, calculating synthetic photometry until reaching the best photometry fit through χ2 minimisation, while keeping T* and log g fixed. Adopting the GAIA distance, we then obtain an estimate of the stellar radius and luminosity. We compare these values to pre-main-sequence (PMS), evolutionary tracks by Choi et al. (2016) to obtain an estimate of the stellar mass and age. From the stellar radius and mass estimate, we retrieve an updated estimate of the surface gravity, and iteratively repeat the procedure using a PHOENIX model spectrum with the new log g value. Ultimately, we achieve a best-fit, reddened model atmosphere spectrum, and a set of stellar parameters that are mutually consistent. The procedure is described in detail below.
D.1 Method details
We adopt optical photometry in the Geneva system from Paunzen (2022) and from GAIA data release 3 (Gaia DR3) (Gaia Collaboration 2016, 2023). We also consider infrared photometry from the 2MASS point-source (Skrutskie et al. 2006; Cutri et al. 2003) and ALLWISE (Wright et al. 2010; Mainzer et al. 2011) catalogues. However, these are ignored in the fit to the photosphere as they contain infrared excess emission from the circumstellar material. We adopt the spectro-photometric response curves Rλ for the Geneva system from Rufener & Nicolet (1988), for Gaia DR3 from Riello et al. (2021), for 2MASS from Cohen et al. (2003), and for ALLWISE from Wright et al. (2010). The photometric zero-point (i.e. φλ,0 for the respective bands) computation is done as follows. For the Geneva system, we use the alpha_lyr_mod_002.fits model spectrum from the CALSPEC database9 and the α Lyr magnitudes from Table 11 of Rufener & Nicolet (1988); for Gaia DR3 we adopt the alpha_lyr_mod_002.fits from the CALSPEC database, scaled to 3.622 86 ∙ 10−11 Wm−2 nm−1 at 550 nm, following Riello et al. (2021); for 2MASS we use a spectrum constant wFλ at 3.129 ∙ 10−13, 1.133 ∙ 10−13, and 4.283 ∙ 10−14 W m−2 μm−1 for the J, H, K bands, respectively, following Cohen et al. (2003); and for the ALLWISE catalog we use an α Lyr model by Martin Cohen, (Wright, private communication). All photometric facilities have detectors that are based on the photoelectric effect:
[image: Mathematical equation: m_i=-2.5\log_{10}\left(\frac{\int_0^\infty\phi_{\lambda}R_\lambda\odif{\lambda}}{\int_0^\infty\phi_{\lambda,0}R_\lambda\odif{\lambda}}\right),](D.1)
where mi is the observed magnitude in photometric band i, φλ is the target spectrum expresses as photon flux (e.g. [γ] = [s−1 cm−2 μm−1]), and φλ,0 is the corresponding spectrum that defines the photometric zero point of the respective band.
The model photosphere spectrum φλ is calculated as follows:
[image: Mathematical equation: \phi_\lambda=\Omega I_{\lambda,0}(T_\star,\log g)\cdot10^{-0.4 A_\lambda},](D.2)
where Iλ,0 is the disc-integrated average surface brightness of the PHOENIX stellar model atmosphere without foreground extinction, Ω = πθ2/4 is the solid angle subtended by the star as viewed from Earth, and Aλ is the wavelength-dependent extinction curve adopted from Indebetouw et al. (2005) and Fitzpatrick & Massa (2009), scaled so that its value at 0.55 μm matches the fit parameter AV.
Note that in our photometric data, we measure the combined signal of the primary Herbig Ae star and the low-mass M-type companion, ignoring the contribution of the latter in our analysis. Given the much lower luminosity and photospheric temperature of the companion compared to the primary, its emission should affect the optical fluxes at no more than ≈ 1%.
D.2 Fit results
	[image: Thumbnail: Fig. D.1 Refer to the following caption and surrounding text.]	Fig. D.1 SED fit. Top : Best-fit stellar atmosphere model (black) overlaid with the zero-extinction model (grey), fitted to the observed photometry (green diamond) and the low-resolution GAIA XP spectrum (blue). The observed photometry is contrasted by the synthetic photometry (red squares). Bottom : Residuals of observed and synthetic magnitudes.



Figure D.1 shows the model atmosphere fit, with excess emission at near- and mid-IR wavelengths, as seen from divergence in observed and synthetic photometry. No scaling has been applied to the low-resolution GAIA XP spectrum, and the excellent match in flux levels illustrates both the validity of our method and the excellent absolute calibration of the GAIA spectra.
We find an adequate fit to the spectrum when using the spectroscopically derived temperature T* = 6500 K from Fairlamb et al. (2015) with the V-band extinction AV,fit ≈ 1.0 mag significantly different from AV ≈ 0 mag of this earlier work. Consequently, we derive a substantially larger stellar radius R* ≈ 3.9 R⊙, compared to R* ≈ 2.2 R⊙ found by Fairlamb et al. (2015), and we find a correspondingly higher luminosity L* ≈ 24L⊙. We compare this to PMS evolutionary tracks yielding a mass estimate of M* ≈ 2.3 M⊙ and an age of ≈ 3.4Myr (i.e. an object substantially more massive and younger than ≈ 1.6 M⊙ and ≈ 8.1 Myr, as found by Fairlamb et al. 2015). A model with T* = 6500 K and AV ≈ 0mag, as derived by Fairlamb et al. (2015), yields too blue a spectrum to be consistent with the observed optical photometry (grey curve; Fig. D.1).
Nowak et al. (2024) find a combined mass of ≈ 2.3 M⊙ for the HD 142527 A and B system from an astrometrically measured orbit fit. Mass estimates for the companion range from ≈ 0.13 - 0.34M⊙ (Lacour et al. 2016; Christiaens et al. 2018). Our combined mass estimate is somewhat higher than the one derived from the astrometric orbit.

Appendix E  Dust opacity model
Table E.1 
Best-fit parameters to the averaged, N-band singledish spectrum.

We analyse the composition of the prominent N-band silicate emission feature of HD 142527 by fitting a model to the N -band single-dish spectrum. The single-dish N -band spectroscopic data are comprised of the average of the spectra from the three MATISSE UT epochs. With the methodology and dust species of van Boekel et al. (2005), we describe the observed spectrum as a blackbody source function Bν(T) at characteristic temperature Tc multiplied by a weighted sum of the absorption opacities and a polycyclic aromatic hydrocarbon (PAH) flux contribution:
[image: Mathematical equation: \begin{flalign} \nonumber F_{\nu,\text{model}}&=(F_{\nu,\text{sil}}+F_{\nu,\text{cont}})+w_\text{\acs{pah}}F_\text{\acs{pah}} \\ &=s B_\nu(T_\text{c})\sum_\text{k}w_{k}\kappa_{\nu,\text{abs},k}+w_\text{\acs{pah}}F_{\nu,\text{\acs{pah}}} \label{eq:dustOpacityModel} \end{flalign}](E.1)
Here, free parameters are the dust-stoichiometry weights w, the PAH weight wPAH, Tc, and the scale factor s. The PAH flux FPAH is an empirical PAH spectral template adopted from van Boekel et al. (2005). Each dust stoichiometry one weight per grain size (i.e. 0.1 and 2 μm). The absorption opacities κν,abs,k are computed with optool10, using the distribution of hollow spheres (DHS) (Min et al. 2005) method. Absorption opacities of the Gaussian random field (GRF) method (Min et al. 2007) were provided by M. Min. Fig. E.1 and Table E.2 show individual dust stoichiometries and structures.
	[image: Thumbnail: Fig. E.1 Refer to the following caption and surrounding text.]	Fig. E.1 Mass absorption coefficients of dust stoichiometries. Table E.2 shows types (amorphous or crystalline) and chemical formulas. Coefficients are used in modelling the opacity contributions of HD 142527 (Sect. 4.1).



We chose amorphous carbonaceous grains for the continuum component, as they have no emission features in our wavelength range. Other species (e.g. iron) may present a valid alternative.
Decoupling the opacities (Eq. 4) enables a unique silicate-to-carbonaceous ratio for the disc component (Sect. 4.2.2). This fit method yields a reasonable, albeit imperfect, approximation of the N -band silicate opacity (see Fig. 1). We replace the silicate feature of the best-fit model with that from the observed data, using
[image: Mathematical equation: \kappa_{\nu,\text{abs,sil}}=\frac{F_\nu}{s B_\nu(T_\text{c})}-\kappa_{\nu,\text{abs,cont}},](E.2)
as we do not focus on quantitative dust spectroscopy.
Table E.2 
Dust stoichiometries used in this work.


Appendix F  Computation of observables
The complex correlated flux Fν is a linear operator, enabling the addition of those of individual model components. The singledish spectrum, the correlated flux and the closure phase can be extracted from the complex correlated flux as shown in Buscher (2015).
For this, the observed spatial frequencies q = (u, v) = (Bx/λ, By/λ) have to be de-projected to reconstruct a face-on disc by following the steps from Berger & Segransan (2007) and Matter et al. (2014). We apply the counter-clockwise rotation R(θ) and the scaling matrix S(i) to de-project the spatial frequencies
[image: Mathematical equation: \begin{flalign} \nonumber q^\prime=q^\prime(i,\theta)&=\lVert S(i)R(\theta)\vec{q}\rVert \\ &=\left\lVert \begin{pmatrix} \cos(i) & 0\\ 0 & 1 \end{pmatrix} \begin{pmatrix} \cos(\theta) & -\sin(\theta)\\ \sin(\theta) & \cos(\theta) \end{pmatrix} \begin{pmatrix} u \\ v \end{pmatrix}\right\rVert. \label{eq:deprojectedSpatialFrequencies} \end{flalign}](F.1)
This yields the de-projected spatial frequency q′(i,θ) with the angle [image: Mathematical equation: $\psi=\arctan\left(\frac{u^\prime}{v^\prime}\right)$] (polar coordinate representation of q′).
To achieve the single-dish spectrum, we take the real part of the complex correlated flux at its 0th spatial frequency, and the modulus for the correlated fluxes:
[image: Mathematical equation: F_\nu=\Re[\mathfrak{F}_\nu(0)],\qquad\text{and}\qquad F_{\nu,\text{corr}}=\lvert \mathfrak{F}_\nu\rvert.](F.2)
The phase information can also be extracted from the complex correlated flux. However, turbulence in the atmosphere makes a direct observation of the absolute phases impossible, which is why the closure phases
[image: Mathematical equation: \Phi_{\text{cp},ijk}=\phi_{ij}+\phi_{jk}+\phi_{ki},\qquad\text{with}\qquad\Phi_{ij}=\phi_{ij}+\epsilon_i-\epsilon_j](F.3)
are used. Here, φij is the real phase between two telescopes, and εi is the atmospheric aberration per telescope. In a closure triangle, the atmospheric aberrations cancel each other, and the closure phases are computed with the spatial frequencies of the triangle
[image: Mathematical equation: \vec{q}_{ijk}=\begin{pmatrix} 1 & 0 \\ 0 & 1 \\ 1 & 1 \end{pmatrix} \begin{pmatrix} u_i & v_i \\ u_j & v_j \end{pmatrix},\quad\text{where}\quad u_k=u_i+u_j.](F.4)
Similar as before, we de-project the spatial frequencies with Eq. (F.1) and then compute the closure phases using the bispectrum
[image: Mathematical equation: \Phi_{\text{cp},ijk}=\arg\left(\mathfrak{F}_{ij}\mathfrak{F}_{jk}\mathfrak{F}_{ki}^*\right)=\arg\left(\mathfrak{F}_{ij}\mathfrak{F}_{jk}\mathfrak{F}_{ik}\right).](F.5)

Appendix G  Residuals
	[image: Thumbnail: Fig. G.1 Refer to the following caption and surrounding text.]	Fig. G.1 Residuals of Fig. 3 with identical layout.
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	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 Opacity fit. The model (black) overlays the averaged N-band UT data (orange). We exclude the PAH flux contribution from the model curve, as in the disc modelling in Sect. 4.2.
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	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 System sketch. The host star HD 142527 A (orange star) is orbited by its companion HD 142527 B (blue star at apoapsis). We computed the orbit (blue) using parameters from Nowak et al. (2024) and used the same parameters to derive the positions of the MATISSE epochs (teal squares). Bottom right : SPHERE observations of the outer disc (Avenhaus et al. 2017) showing the orbit (light blue) of the companion.
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	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 Best-fit, one-zone disc model with off-centre Gaussian asymmetry. The data (coloured lines) are overlaid with the model (black crosses). Figure G.1 shows the residuals of the plots. Left : total spectrum Fν. Middle : correlated fluxes Fν,corr. Right : closure phases Φν,cp. Top : PIONIER (H band), GRAVITY (K band), and MATISSE (L and M band) data, fitted with all N-band datasets. Row 1 : fit to the shorter wavelengths shown at the example of the first N-band epoch. Rows 2-4: first to third N-band epochs (2021, 2022, and 2023).
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	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 Model surface-brightness images. Left to right : Epochs 2021, 2022, and 2023. Top : two-zone disc model. Bottom : best-fit, one-zone disc model with a Gaussian.
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	[image: Thumbnail: Fig. A.1 Refer to the following caption and surrounding text.]	Fig. A.1 MATISSE N-band observations of HD 142527 (Table A.1). Left to right : Baseline distribution (Bx, By), single dish spectra Fν, correlated fluxes Fν,corr, and closure phases Φν,cp.
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	[image: Thumbnail: Fig. A.2 Refer to the following caption and surrounding text.]	Fig. A.2 Individual L/M-band, MATISSE observations of HD 142527 (Table A.1). Layout is identical as for Fig. A.1. Single-dish spectra originate from chopped mode, with the other observables from non-chopped mode. Emission peaks not relevant to this study, poor-quality data, and ranges outside the band windows were flagged and are not shown.
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	[image: Thumbnail: Fig. A.4 Refer to the following caption and surrounding text.]	Fig. A.4 Overview of binned data used for model-fitting. Left to right : Single dish spectra Fν, correlated fluxes Fν,corr, and closure phases Φν,cp. Top to bottom : Data from H-N bands, a zoom-in to the H - M bands, and a zoom-in to the N band.
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	[image: Thumbnail: Fig. A.5 Refer to the following caption and surrounding text.]	Fig. A.5 Baseline distribution (Bx, By) of all N-band epochs. Each plot shows correlated fluxes Fν,corr (coloured lines) in its top-left corner overlaid with the model (black lines) at baseline positions (coloured crosses) and equidistant baseline contours (green-dashed circles; 50m step-width). Additionally, zero lines of the y-axis (grey-dashed lines) correspond to the correlated flux curves. Left to right : Three N-band epochs (2021, 2022, and 2023). Top : Two-zone disc model. Bottom : One-zone disc model with a Gaussian.
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	[image: Thumbnail: Fig. D.1 Refer to the following caption and surrounding text.]	Fig. D.1 SED fit. Top : Best-fit stellar atmosphere model (black) overlaid with the zero-extinction model (grey), fitted to the observed photometry (green diamond) and the low-resolution GAIA XP spectrum (blue). The observed photometry is contrasted by the synthetic photometry (red squares). Bottom : Residuals of observed and synthetic magnitudes.
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	[image: Thumbnail: Fig. E.1 Refer to the following caption and surrounding text.]	Fig. E.1 Mass absorption coefficients of dust stoichiometries. Table E.2 shows types (amorphous or crystalline) and chemical formulas. Coefficients are used in modelling the opacity contributions of HD 142527 (Sect. 4.1).
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      Table 1 

      Stellar parameters of HD 142527 A and B, together with outer disc and orbital parameters of the companion.

      
        


	Parameter
	Unit
	Value
	Reference





	HD 142527
	
	
	



	RA (J2016)
	(h:′:″)
	15:56:41.87
	(1)



	Dec (J2016)
	(°:′:″)
	−42:19:23.67
	(1)



	d
	(pc)
	159.3 ± 0.7
	(1)



	




	HD 142527 A
	
	
	



	Spectral type
	
	F2-F3
	(2a)



	T*
	(K)
	6500 ± 250
	(2a, 3, 4)



	M*
	(M⊙)
	2.20 ± 0.05
	(2a)



	log(L*/L⊙)
	
	1.35 ± 0.01
	(2a)



	R*
	(R⊙ )
	3.46 ± 0.13
	(2a)



	t*
	(Myr)
	[image: Mathematical equation: $4.40^{+0.49}_{-0.38}$]
	(2a)



	




	HD 142527 B
	
	
	



	STAR
	
	
	



	Spectral type
	
	M2.5 ± 0.1
	(5)



	T*
	(K)
	3500 ±100
	(5)



	M*
	(M⊙)
	0.34 ± 0.06
	(5)



	log(L*/L⊙)
	
	−0.60 ± 0.08
	(5b)



	R*
	(R⊙ )
	1.37 ± 0.05
	(5)



	t*
	(Myr)
	[image: Mathematical equation: $1.8^{+1.2}_{-0.5}$]
	(5)



	




	ORBIT
	
	
	



	a
	(mas)
	67.80 ± 1.38
	(6c )



	e
	
	0.47 ± 0.01
	(6)



	i
	(°)
	149.47 ± 0.71
	(6)



	ω
	(°)
	186.45 ± 0.48
	(6)



	Ω
	(°)
	161.51 ± 1.01
	(6)



	τ
	(yr)
	2020.42 ± 0.05
	(6)



	P
	(yr)
	23.50 ± 0.85
	(6)



	




	Outer disc
	
	
	



	Rin, east
	(mas)
	−714.29
	(7d)



	Rin, west
	(mas)
	−1071.43
	(7d)



	Rout
	(mas)
	−3500
	(7d)



	∆ϑin-out
	(°)
	70
	(8)



	iout
	(°)
	38.21
	(9)



	θout
	(°)
	162.72
	(9)





      

      
Notes. (1) Gaia Collaboration (2023); (2) Guzmán-Díaz et al. (2021); (3) Fairlamb et al. (2015); (4) Vioque et al. (2018); (5) Christiaens et al. (2018); (6) Nowak et al. (2024); (7) Fukagawa et al. (2006); (8) Marino et al. (2015). (9) Bohn et al. (2022). (a,c,d)Converted to mil-liarsecond with Gaia EDR3 d = 158.51 pc (Gaia Collaboration 2021), Gaia DR3, and Gaia DR2 d ≈ 140pc distance (Gaia Collaboration 2018). (b)Computed with [image: Mathematical equation: $L=4\pi R_\star^2\sigma T_\star^4$] (Dullemond & Monnier 2010).




    

  
    
      Fig. 1 

      
        [image: Fig. 1 Refer to the following caption and surrounding text.]
      

      
        Opacity fit. The model (black) overlays the averaged N-band UT data (orange). We exclude the PAH flux contribution from the model curve, as in the disc modelling in Sect. 4.2.

      

    

  
    
      Fig. 2 

      
        [image: Fig. 2 Refer to the following caption and surrounding text.]
      

      
        System sketch. The host star HD 142527 A (orange star) is orbited by its companion HD 142527 B (blue star at apoapsis). We computed the orbit (blue) using parameters from Nowak et al. (2024) and used the same parameters to derive the positions of the MATISSE epochs (teal squares). Bottom right : SPHERE observations of the outer disc (Avenhaus et al. 2017) showing the orbit (light blue) of the companion.

      

    

  
    
      Table 2 

      Comparison of fit goodness (i.e. [image: Mathematical equation: $\chi^2_\text{r,tot}$]) per model.

      
        


	
	M1
	M2
	M3





	All epochs
	10.54
	8.26
	4.47



	Epoch 1
	10.54
	5.50
	2.44



	Epoch 2
	10.54
	7.30
	1.89



	Epoch 3
	10.54
	3.07
	1.64





      

      
Notes. For the calculation of these values, see Appendix B. First row : time-invariant models fit to all data simultaneously. Second to last row : the same models with additional free parameters per N-band epoch. ‘M1’: symmetric (time-invariant) two-zone disc model; ‘M2’: M1 with an asymmetry in the outer zone; ‘M3’: one-zone disc model with an off-centre Gaussian asymmetry.




    

  
    
      Fig. 3 

      
        [image: Fig. 3 Refer to the following caption and surrounding text.]
      

      
        Best-fit, one-zone disc model with off-centre Gaussian asymmetry. The data (coloured lines) are overlaid with the model (black crosses). Figure G.1 shows the residuals of the plots. Left : total spectrum Fν. Middle : correlated fluxes Fν,corr. Right : closure phases Φν,cp. Top : PIONIER (H band), GRAVITY (K band), and MATISSE (L and M band) data, fitted with all N-band datasets. Row 1 : fit to the shorter wavelengths shown at the example of the first N-band epoch. Rows 2-4: first to third N-band epochs (2021, 2022, and 2023).

      

    

  
    
      Fig. 4 

      
        [image: Fig. 4 Refer to the following caption and surrounding text.]
      

      
        Model surface-brightness images. Left to right : Epochs 2021, 2022, and 2023. Top : two-zone disc model. Bottom : best-fit, one-zone disc model with a Gaussian.

      

    

  
    
      Table 3 

      Parameters of the best-fit, time-dependent, one-zone disc model with a Gaussian asymmetry (corresponding to model M3 in Table 2).

      
        


	Parameter
	Unit
	Value





	FREE
	
	



	Rout, 1
	(au)
	[image: Mathematical equation: $5.32^{+0.07}_{-0.06}$]



	wcont, 1
	(%)
	[image: Mathematical equation: $79.30^{+0.98}_{-0.87}$]



	∑0,1
	(10−4gcm−2)
	[image: Mathematical equation: $1.24^{+0.03}_{-0.02}$]



	p1
	
	0.29 ± 0.01



	
log(f/sr)
	
	15.30 ± 0.01



	ρGauss, t0
	(au)
	1.21 ± 0.03



	ρGauss, t1
	(au)
	1.10 ± 0.01



	ρGauss, t2
	(au)
	[image: Mathematical equation: $1.06^{+0.02}_{-0.01}$]



	ΦGauss, t0
	(°)
	[image: Mathematical equation: $150.11^{+2.02}_{-1.97}$]



	ΦGauss, t1
	(°)
	[image: Mathematical equation: $-125.34^{+1.49}_{-1.09}$]



	ΦGauss, t2
	(°)
	[image: Mathematical equation: $-154.24^{+1.62}_{-2.00}$]



	ΣGauss
	(10−4gcm−2)
	[image: Mathematical equation: $16.90^{+0.56}_{-0.68}$]



	wcont, Gauss
	(%)
	[image: Mathematical equation: $60.71^{+36.86}_{-58.19}$]



	T0
	(K)
	[image: Mathematical equation: $599.74^{+2.61}_{-3.11}$]



	
FIXED
	
	



	Rin,1
	(au)
	0.1



	q
	
	−0.55



	d
	(pc)
	159.3



	iin
	(°)
	32.05



	θin
	(°)
	352



	a
	(au)
	0.41



	




	χ2r,Fν
	
	4.13



	χ2r,Fν,corr
	
	3.00



	χ2r,Φν,cp
	
	3.86



	χ2r, tot
	
	3.36





      

      
Notes. For each parameter, the value is the median of the samples, with the uncertainties being the samples at 2.5 and 97.5%. The index t indicates a time-variability (‘t0’: epoch 2021, ‘t1’: epoch 2021, and ‘t2’: epoch 2023). All angles are given in the east of north direction.




    

  
    
      Table A.1 

      The HD 142527 observations used in this study.

      
        


	HD 142527
	Calibrator



	Date and Time (UTC)
	Instrument
	Seeing (″)
	τ0 (ms)
	Array: Stations
	Band
	∆Time (h:mm)
	Name
	LDD (mas)
	Seeing (″)
	τ0 (ms)





	2013-02-20T08:14†
	PIONIER
	0.8
	3.1
	M: D0-G1-H0-I1
	H
	~±20
	HD142135
	0.42
	0.7
	4.0



	2013-06-04T04:53†#
	PIONIER
	1.2
	3.7
	L: K0-A1-G1-J3
	H
	–
	–
	–
	–
	–



	2013-06-06T02:16†#
	PIONIER
	1.1
	3.8
	L: K0-A1-G1-J3
	H
	–
	–
	–
	–
	–



	2013-06-07T01:39†#
	PIONIER
	0.8
	7.4
	L: K0-A1-G1-J3
	H
	–
	–
	–
	–
	–



	2013-06-10T01:08†#
	PIONIER
	0.9
	5.3
	L: K0-A1-G1-J3
	H
	–
	–
	–
	–
	–



	2013-06-15T02:57†
	PIONIER
	1.4
	2.2
	M: D0-G1-H0-I1
	H
	~±20
	HD 142386
	0.24
	1.3
	1.3



	2013-07-03T01:16†#
	PIONIER
	1.4
	2.7
	S: D0-A1-C1-B2
	H
	–
	–
	–
	–
	–



	2017-03-19T0851††
	GRAVITY
	0.7
	8.0
	L: A0-G1-J2-K0
	K
	+ 1:18
	HD 143118
	0.37
	0.8
	4.9



	2019-03-23T09:06‡
	MATISSE
	0.5
	10.8
	S: A0-B2-D0-C1
	L
	+0:13
	* eps Sco
	5.8
	0.4
	11.3



	2019-05-06T04:00‡
	MATISSE
	0.5
	5.8
	L: K0-G1-D0-J3
	L
	−0:13
	HD 138742
	1.2
	0.7
	5.6



	2019-06-30T04:49
	MATISSE
	0.9
	1.8
	S: A0-B2-D0-C1
	L
	+0:30
	* eps Sco
	5.8
	1.5
	1.7



	2021-03-08T07:52‡
	MATISSE
	1.1
	3.8
	L: A0-G1-J2-J3
	L
	−0:27
	HD139127
	3.2
	1.8
	3.0



	2021-03-11T06:47‡
	MATISSE
	0.7
	8.4
	M: K0-G2-D0-J3
	L
	−0:26
	HD139127
	3.2
	0.8
	6.4



	2021-03-16T06:50‡
	MATISSE
	1.0
	2.5
	S: A0-B2-D0-C1
	L
	+0:26
	* HSco
	4.7
	1.4
	1.7



	2021-03-27T05:29
	MATISSE
	1.0
	5.7
	U: U1-U2-U3-U4
	LN
	−0:31
	HD134505
	2.5
	1.0
	7.3



	2022-03-14T06:48
	MATISSE
	0.9
	4.1
	S: A0-B2-D0-C1
	L
	+0:26
	* HSco
	4.7
	0.8
	4.1



	2022-03-23T08:20
	MATISSE
	0.6
	4.1
	U: U1-U2-U3-U4
	LN
	−0:31
	HD138816
	2.1
	0.7
	3.8



	2022-05-11T06:22
	MATISSE
	1.2
	2.9
	L: A0-G1-J2-J3
	L
	+0:29
	HD149401
	2.5
	1.0
	3.3



	2023-05-14T04:25
	MATISSE
	0.8
	4.4
	S: A0-B2-D0-C1
	L
	−0:41
	* ups Lib
	4.6
	1.4
	2.8



	2023-06-12T04:10‡
	MATISSE
	0.7
	2.5
	S: A0-B2-D0-C1
	L
	−0:27
	* ups Lib
	4.6
	0.8
	3.4



	2023-07-01T00:57
	MATISSE
	1.0
	4.8
	U: U1-U2-U3-U4
	LN
	−0:24
	HD134505
	2.5
	1.2
	4.5



	2023-07-09T03:53
	MATISSE
	0.6
	2.8
	S: A0-B2-D0-C1
	L
	−0:27
	* ups Lib
	4.6
	0.6
	3.3



	2023-07-12T00:36
	MATISSE
	1.6
	0.8
	S: A0-B2-D0-C1
	L
	−0:34
	* ups Lib
	4.6
	1.8
	1.3



	2023-08-12T01:32
	MATISSE
	0.9
	3.2
	S: A0-B2-D0-C1
	L
	−0:28
	* ups Lib
	4.6
	1.3
	3.1





      

      
Notes. Columns : Instrument, date and time, atmospheric conditions (seeing and coherence time τ0), array configurations and corresponding stations, spectral band, and information on the calibrator. Observations highlighted in red were not used. Letters in the ‘Array: Stations’ column are abbreviations of the various configurations (i.e. ‘S’ - small, ‘M’ - medium, ‘L’ - large, and ‘U’ - UTs). For HD 142527, seeing and coherence time τ0 are the mean value during observations, while for the calibrator they are the value obtained at the beginning of observations.


(†)Archival data obtained from OiDB (Lazareff et al. 2017). (††)Reduced and calibrated data obtained from GRAVITY Collaboration (2019). (#)No calibrator information logged for this observation. (‡)Although good atmospheric conditions, artifacts or a low S/N is present.




    

  
    
      Fig. A.1 

      
        [image: Fig. A.1 Refer to the following caption and surrounding text.]
      

      
        MATISSE N-band observations of HD 142527 (Table A.1). Left to right : Baseline distribution (Bx, By), single dish spectra Fν, correlated fluxes Fν,corr, and closure phases Φν,cp.

      

    

  
    
      Fig. A.2 

      
        [image: Fig. A.2 Refer to the following caption and surrounding text.]
      

      
        Individual L/M-band, MATISSE observations of HD 142527 (Table A.1). Layout is identical as for Fig. A.1. Single-dish spectra originate from chopped mode, with the other observables from non-chopped mode. Emission peaks not relevant to this study, poor-quality data, and ranges outside the band windows were flagged and are not shown.

      

    

  
    
      Fig. A.3 

      
        [image: Fig. A.3 Refer to the following caption and surrounding text.]
      

      
        Continuation of Fig. A.2

      

    

  
    
      Fig. A.4 

      
        [image: Fig. A.4 Refer to the following caption and surrounding text.]
      

      
        Overview of binned data used for model-fitting. Left to right : Single dish spectra Fν, correlated fluxes Fν,corr, and closure phases Φν,cp. Top to bottom : Data from H-N bands, a zoom-in to the H - M bands, and a zoom-in to the N band.

      

    

  
    
      Fig. A.5 

      
        [image: Fig. A.5 Refer to the following caption and surrounding text.]
      

      
        Baseline distribution (Bx, By) of all N-band epochs. Each plot shows correlated fluxes Fν,corr (coloured lines) in its top-left corner overlaid with the model (black lines) at baseline positions (coloured crosses) and equidistant baseline contours (green-dashed circles; 50m step-width). Additionally, zero lines of the y-axis (grey-dashed lines) correspond to the correlated flux curves. Left to right : Three N-band epochs (2021, 2022, and 2023). Top : Two-zone disc model. Bottom : One-zone disc model with a Gaussian.

      

    

  
    
      Table C.1 

      Model parameters.

      
        


	Parameter
	Unit
	Description





	Dust opacity model
	
	



	FREE
	
	



	s
	
	Scaling factor



	Tc
	(K)
	Charac. temperature



	κν,abs,k a
	(cm2g−1)
	Absorption opacity



	wk
	
	Opacity weight



	




	Stellar spectrum model
	
	



	FREE
	
	



	θ
	(mas)
	Apparent diameter



	AV
	(mag)
	V-band extinction



	FIXED
	
	



	T*
	(K)
	Temperature



	Aλ
	(mag)
	Extinction



	g
	(m s−2)
	Surface gravity



	




	Asymmetric disc
	
	



	FREE
	
	



	Rin,n b
	(au)
	Inner radius



	Rout,n
	(au)
	Outer radius



	wcont,n
	
	Continuum weight



	∑0,n
	(g cm−2)
	Σn at R0



	pn
	
	Σn exponent



	T0
	(K)
	T at R0



	q
	
	T exponent



	An,m c
	
	Modulation amp.



	φn,m
	(°)
	Modulation angle



	FIXED
	
	



	iin
	(°)
	Inclination angle



	θin
	(°)
	Position angle



	R0
	(au)
	Reference radius



	κν,abs,sil
	(cm2 g−1)
	Silicate opacity



	κν,abs,cont
	(cm2 g−1)
	Continuum opacity



	




	Gaussian
	
	



	FREE
	
	



	f
	
	Scaling factor



	ρ
	(au)
	Radial position



	Φ
	(⊙)
	Position angle



	Σ
	(g cm−2)
	Surface density



	FIXED
	
	



	a
	(au)
	FWHM





      

      
Notes. (a)Dust stoichiometries denoted by k. (b)Disc zones denoted by n. (c)Modulation orders denoted by m.




    

  
    
      Fig. D.1 

      
        [image: Fig. D.1 Refer to the following caption and surrounding text.]
      

      
        SED fit. Top : Best-fit stellar atmosphere model (black) overlaid with the zero-extinction model (grey), fitted to the observed photometry (green diamond) and the low-resolution GAIA XP spectrum (blue). The observed photometry is contrasted by the synthetic photometry (red squares). Bottom : Residuals of observed and synthetic magnitudes.

      

    

  
    
      Table E.1 

      Best-fit parameters to the averaged, N-band singledish spectrum.

      
        


	Parameter
	Unit
	Value





	log(s/sr)
	
	[image: Mathematical equation: $17.18^{+0.07}_{-0.24}$]



	wPAH
	
	[image: Mathematical equation: $1.28^{+1.31}_{-1.20}$]



	Tc
	(K)
	[image: Mathematical equation: $420.98^{+22.36}_{-57.21}$]



	wcont
	(%)
	[image: Mathematical equation: $69.38^{+16.85}_{-3.65}$]



	wlarge, enst
	(%)
	[image: Mathematical equation: $2.54^{+53.41}_{-0.81}$]



	wsmall, enst
	(%)
	[image: Mathematical equation: $5.91^{+16.87}_{-5.56}$]



	wlarge, forst
	(%)
	[image: Mathematical equation: $2.10^{+19.92}_{-1.97}$]



	wsmall, forst
	(%)
	[image: Mathematical equation: $5.64^{+5.87}_{-5.50}$]



	wlarge, oliv
	(%)
	[image: Mathematical equation: $6.52^{+7.64}_{-6.52}$]



	wsmall, pyrox
	(%)
	[image: Mathematical equation: $1.37^{+8.13}_{-1.37}$]



	wlarge, sil
	(%)
	[image: Mathematical equation: $7.73^{+3.44}_{-7.73}$]



	wsmall, sil
	(%)
	[image: Mathematical equation: $1.70^{+1.42}_{-1.70}$]



	




	χ2r
	
	0.03





      

      
Notes. Over-fitting (χ2r < 1) is caused by the single, averaged dataset with many DOF. The weights for the silicate stoichiometries (i.e. excluding wcont and wPAH) are normed.




    

  
    
      Fig. E.1 

      
        [image: Fig. E.1 Refer to the following caption and surrounding text.]
      

      
        Mass absorption coefficients of dust stoichiometries. Table E.2 shows types (amorphous or crystalline) and chemical formulas. Coefficients are used in modelling the opacity contributions of HD 142527 (Sect. 4.1).

      

    

  
    
      Table E.2 

      Dust stoichiometries used in this work.

      
        


	Stoichiometric (Grain) Type
	Lattice Structure
	Chemical Formula
	Method
	Grain Sizes
	Reference





	Pyroxene
	Amorphous
	Mgx Fe1-xSiO3
	GRF
	0.1, 2.0
	(1)



	Forsterite
	Crystalline
	Mg2SiO4
	GRF
	0.1, 2.0
	(2)



	Enstatite
	Crystalline
	MgSiO3
	GRF
	0.1, 2.0
	(3)



	Silica
	Crystalline
	SiO2
	GRF
	0.1, 2.0
	(4)



	Carbonaceous
	Amorphous
	C
	DHS
	0.1
	(5)





      

      
References. (1) Dorschner et al. (1995); (2) Sogawa et al. (2006); (3) Jaeger et al. (1998); (4) Henning & Mutschke (1997); (5) Zubko et al. (1996);

Notes. Stoichiometries and sizes are inspired by previous analysis from van Boekel et al. (2005) and Juhász et al. (2010)




    

  
    
      Fig. G.1 

      
        [image: Fig. G.1 Refer to the following caption and surrounding text.]
      

      
        Residuals of Fig. 3 with identical layout.
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