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Abstract

Context. Lyman α (Lyα) emission is highly sensitive to dust and neutral hydrogen and is believed to be suppressed in dusty or hydrogen-rich galaxies – especially during the epoch of reionization (EoR). Yet, moderately dusty Lyα emitters (LAEs) are observed at this epoch, suggesting that complex interstellar medium (ISM) geometries and feedback-driven outflows facilitate Lyα escape.

Aims. We investigated the dust, gas, and stellar properties of the gravitationally lensed LAE HCM 6A at z = 6.5676 to characterize its multiphase ISM structure and the physical conditions that regulate Lyα escape.

Methods. We combined JWST/NIRISS slitless spectroscopy, HST+JWST/NIRCam imaging, and JWST/NIRSpec slit spectra from the CANUCS program. Using a customized BAGPIPES spectral-energy-distribution-fitting framework with a flexible attenuation law, we derived spatially resolved stellar, nebular, and dust properties on integrated (≈1 kpc), slit-level (≈0.1 kpc), and pixel-level (≈25 pc) measurements, thanks to strong lensing with a magnification of μ ≈ 8.3 − 9.1. A high-quality Lyα map from SLEUTH, a tool for extracting spatially resolved emission-line maps from slitless spectroscopy, traces the spatial distribution of Lyα emission.

Results. We measure an unlensed stellar mass of log M* = 8.3 − 8.4 and an intrinsic UV magnitude of MUV = −19.8 ± 0.1. Slit-level measurements show that the oldest, most massive region (S1) is moderately dusty with consistent stellar (AV, β) and nebular (AVB, line-emission) indicators, implying a uniform ISM geometry, while the dust tracers of the youngest region (S3) are highly mismatched, revealing a complex, feedback-shaped multiphase ISM. Lyα emission arises primarily from S3. Pixel-level maps reveal a dust-cleared central clump (C3) where Lyα emerges, encircled by dustier outskirts, consistent with a very recent (≲10 Myr) starburst that created Lyα escape channels. Next, slit-level maps show Calzetti-like attenuation curves with a UV bump that increases with stellar age and decreases with V-band attenuation (AV), with a tentative detection of a UV bump in S1 at ∼25% of the Milky Way amplitude. Pixel-level maps reveal that both the curve slope (S) and the UV bump (B) peak in the region between two clumps (C1 and C2), indicating dust-grain processing in a merger-driven starburst.

Conclusions. Our observations provide a uniquely detailed, spatially resolved view of a moderately dusty LAE at the EoR, demonstrating how the interplay between multiphase ISM geometry and feedback governs Lyα escape. Constraining some key quantities requires fully resolved spectroscopy, which future JWST/NIRSpec integral field unit observations will provide.
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1. Introduction
The Lyman α (Lyα) line at 1216 Å is the strongest ultraviolet (UV) emission line in the spectra of star-forming galaxies. It arises from radiative transitions in hydrogen atoms, following either recombination or collisional excitation within H II regions ionized by massive, young (≲10 Myr) O- and B-type stars (e.g., Partridge & Peebles 1967; Schaerer 2003). Because Lyα photons undergo resonant scattering with neutral hydrogen, the line profile and strength can depend on the presence, distribution, and kinematics of neutral hydrogen in both the interstellar medium (ISM) and the intergalactic medium (IGM; e.g., Gunn & Peterson 1965). In particular, absorption by neutral hydrogen in the partially neutral IGM gives rise to broad damping-wing absorption features that can suppress or asymmetrically distort the Lyα line profile, providing a key diagnostic of the IGM ionization state (e.g., Mason et al. 2018; Keating et al. 2024a,b). Consequently, the number of Lyα-emitting galaxies declines toward the epoch of reionization (EoR), making them powerful probes of the ionization state of the IGM and the progress of cosmic reionization in the early Universe (Santos 2004; Robertson et al. 2010; Treu et al. 2013; Tilvi et al. 2014; Mason et al. 2018; Whitler et al. 2020; Goovaerts et al. 2023; Keating et al. 2024a; Bolan et al. 2024; Napolitano et al. 2024; Prieto-Lyon et al. 2025; see Dijkstra 2014; Ouchi et al. 2020 for reviews). However, during the EoR, Lyα emitters (LAEs), often found in overdense regions, are believed to have ionized their surroundings, forming the first ionized bubbles that, once sufficiently expanded, allowed Lyα photons to redshift out of the line resonance and escape (Mason et al. 2018; Leonova et al. 2022; Witstok et al. 2024; Willott et al. 2025; Neyer et al. 2025).
In addition, Lyα photons are subject to absorption and scattering by interstellar dust (e.g., Haiman & Spaans 1999). While resonant scattering by neutral hydrogen primarily redistributes photons in wavelength and direction around Lyα, dust absorption reduces the total photon number, thereby lowering both the Lyα escape fraction ([image: Mathematical equation: $ f_{\mathrm{esc}}^{\mathrm{Ly}\alpha} $]) and the equivalent width (EW) of the line (Verhamme et al. 2008; Atek et al. 2009; Kornei et al. 2010; Hayes et al. 2011; Yang et al. 2017; Behrens et al. 2019). Consequently, high-redshift LAEs (z ≳ 4) are generally characterized by low V-band dust attenuation (AV ≲ 0.5), steep UV slopes (β ≲ −2), young stellar ages (≲ 5 Myr), and low metallicities (Z ≲ 0.05 Z⊙; Ono et al. 2010; Maseda et al. 2020; Torralba et al. 2024; Willott et al. 2025).
However, both empirical studies and radiative transfer models demonstrate that even in moderately dusty systems (AV ≲ 0.5 − 1), Lyα photons can escape efficiently through low-opacity sight lines within complex, multiphase ISM structures. In such configurations, Lyα photons scatter off the surfaces of clumps of neutral hydrogen gas and dust, and eventually escape through the ionized medium (Neufeld 1991; Hansen & Oh 2006; Finkelstein et al. 2008, 2009; Scarlata et al. 2009). Additionally, stellar feedback and large-scale outflows play a dual role in facilitating Lyα escape: (1) they displace dust and neutral gas from the central regions, thereby reducing the optical depth, and (2) by accelerating neutral medium in an expanding shell, so that Lyα photons scattered off this outflowing gas emerge redshifted, reducing their subsequent resonant scattering and enabling escape (Shapley et al. 2003; Atek et al. 2008). Therefore, the interplay between ISM geometry and outflow-driven clearing facilitates Lyα escape despite the presence of dust (Gronke & Dijkstra 2016; Matthee et al. 2021; see Dijkstra 2014 for a review).
Lyman α emitters affected by non-negligible dust attenuation during the EoR provide unique laboratories for exploring the interplay between Lyα emission and dust attenuation. Spatially resolved observations of such systems enable the study of local variations in the ISM on sub-galactic scales – including its multiphase structure, geometry, and feedback-driven outflows.
Building a comprehensive picture of this interplay and the physical processes governing it requires accurate constraints on the fundamental physical properties of LAEs, including the shape of the dust attenuation curve. Constraining the shape of the dust attenuation curve is essential both for gaining insight into the dust grain properties, content, and geometry and for deriving reliable galaxy physical properties, for example the stellar mass, star formation rate (SFR), and stellar age, from spectral energy distribution (SED) fitting, which depends strongly on the assumed curve (e.g., Kriek & Conroy 2013; Reddy et al. 2015; Salim et al. 2016; Markov et al. 2023).
Spatially resolved studies of stellar, nebular, and dust properties uncover local physical conditions and processes within a galaxy that are otherwise washed out in integrated measurements. They reveal variations in the dust and gas content, ionization state, stellar populations, star-forming clumps, feedback signatures, and merging subcomponents, which is particularly important for interpreting formation and evolution. Recent observational JWST studies (e.g., Estrada-Carpenter et al. 2024, 2025; Ormerod et al. 2025) alongside cosmological simulations combined with dust radiative transfer (Nakazato et al. 2026) have demonstrated the power of such resolved mapping at the EoR.
In this paper we present a case study of HCM 6A, a well-known lensed, clumpy, luminous LAE at z = 6.5676 (Hu et al. 2002; Chary et al. 2005; Boone et al. 2007; Kanekar et al. 2013; Fuller et al. 2020) that benefits from 19 photometric Hubble Space Telescope (HST) and JWST Near Infrared Camera (NIRCam) bands, three JWST Near Infrared Spectrograph (NIRSpec) slits, and Near Infrared Imager and Slitless Spectrograph (NIRISS) imaging and spectroscopy from the Canadian NIRISS Unbiased Cluster Survey (CANUCS; Willott et al. 2022; Sarrouh et al. 2026). We exploited spatially resolved maps of various dust diagnostics, attenuation curve properties, Lyα emission, and fundamental galaxy properties – the stellar mass (M*), SFR (averaged over 10 Myr), mass-weighted stellar age ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} $]), ionization parameter (log U), metallicity (Z), and V-band attenuation (AV) – comparing them with global trends and probing local variations in the environment (e.g., dust and gas content, stellar populations, and burstiness).
This paper is organized as follows. In Sect. 2 we describe the JWST/CANUCS observations and present our target galaxy. Section 3 details the SED-fitting procedure and the construction of Lyα emission maps from the NIRISS slitless spectroscopy. Our main results are presented and discussed in Sect. 4. Finally, Sect. 5 provides a summary and conclusions. Throughout the paper, we assume a Λ cold dark matter cosmology with Ωm = 0.3 and Hubble constant H0 = 70 km s−1 Mpc−1.
2. Data
To constrain the Lyα emission, dust attenuation curve, and fundamental galaxy properties of our source, we made use of the JWST NIRISS slitless spectroscopy, NIRSpec PRISM spectroscopy, and NIRCam imaging from CANUCS (Willott et al. 2022; Sarrouh et al. 2026). The survey targets five massive lensing clusters, including Abell 370, to exploit gravitational lensing to probe faint, high-redshift galaxies. The survey combines coordinated JWST observations with NIRCam and NIRISS, and with a NIRSpec follow-up, in both cluster (CLU) fields and one flanking non-cluster field (NCF). The survey design and strategy are described in more detail in Willott et al. (2022) and Sarrouh et al. (2026). HCM 6A lies in the Abell 370 field at RA = 39.9780111°, Dec = −1.558961°, in the outer region of the CANUCS/NIRCam pointing, in a region of significant gravitational lensing with a magnification factor of μ ≃ 8.3 − 9.1.
2.1. NIRISS slitless spectroscopy
The CANUCS observations (Program ID 1208, PI C. Willott) include NIRISS imaging and slitless spectroscopy of Abell 370. NIRISS imaging provides continuous coverage from ∼1 − 2 μm with 3.41 ks and 2.28 ks exposures in F115WN, F150WN, and F200WN, respectively (an “N” is appended to each NIRISS filter to distinguish it from NIRCam filters), supplemented by deeper 3.86 ks F090WN imaging in three fields, including Abell 370, observed with the JWST in Technicolor program (ID 3362, PI A. Muzzin). The data processing procedure is fully described in Sarrouh et al. (2026).
We used NIRISS Wide Field Slitless Spectroscopy (WFSS) observations obtained with the low-resolution (R ∼ 150) GR150C and GR150R grisms crossed with all wide-band filters, including F090WN from Technicolor. The F090WN extends the wavelength coverage down to ∼0.8 μm, where Lyα falls at the redshift of our target galaxy (z ≈ 6.6; Hu et al. 2002).
The reduction of the NIRISS WFSS data largely followed the methodology described in Noirot et al. (2023), with the main difference that we used the CANUCS photometric catalog as input to grizli (Brammer 2023a) to define source positions and segmentation maps, and to derive the spectral trace locations. Basic detector-level processing follows the same approach adopted for the NIRCam imaging. All subsequent steps – including astrometric alignment, background subtraction, flat-fielding, contamination modeling, and spectral extraction – are performed using grizli with the ‘221512.CONF’ NIRISS configuration files (Matharu & Brammer 2022). For the WFSS background subtraction, we adopted the commissioning background models; updated background templates that correct residual artifacts at the few-percent level (Noirot et al. 2025) will be explored in future work. A full description of the NIRISS imaging and WFSS observations, together with the complete data reduction procedure, will be presented in Noirot et al. (in prep.).
2.2. NIRCam photometry
Abell 370 NIRCam CLU field imaging spans 8 filters: F090W, F115W, F150W, F200W, F277W, F356W, F410M, and F444W, covering (0.9 − 4.4 μm) with 6.4 ks exposures, using a 6-point dither pattern to fill detector gaps. The Abell 370 cluster was also observed with four additional NIRCam medium-band filters: F360M, F430M, F460M, and F480M from the JWST Ultimate Medium-band Photometric Survey (JUMPS) program (ID: 5890; PI: Withers, Muzzin). The resulting dataset provides deep, multiband coverage with well-characterized filter depths, enabling high-quality color imaging of the cluster field. JWST data were supplemented with existing HST Advanced Camera for Surveys (ACS) and the Wide Field Camera 3 (WFC3) bands in the CLU field (Lotz et al. 2017; Postman et al. 2012; Steinhardt et al. 2020, ID: 11507, PI: K. Noll). The full list of available filters in CLU and NCF fields of Abell 370 is provided in Table 2 of Sarrouh et al. (2026). A total of 19 photometric bands was used in our analysis, excluding the NIRISS filters since they probe similar wavelength ranges as the NIRCam bands.
Data reduction was performed using the CANUCS photometric pipeline, as described in detail by Sarrouh et al. (2026). This pipeline includes custom corrections for noise, persistence, cosmic rays, and artifacts. Images are astrometrically aligned to Gaia Data Release 3, mosaicked with grizli (Brammer 2023a), and calibrated to a flux scale of 1 nJy. Bright cluster galaxies and intracluster light are modeled and subtracted following Shipley et al. (2018) and Martis et al. (2024). The end products are clean mosaics optimized for faint background galaxies in strongly lensed cluster fields.
2.3. NIRSpec spectroscopy
Follow-up spectroscopy was conducted with NIRSpec using the Micro-Shutter Assembly (MSA), as part of the CANUCS program (ID: 1208). Target selection was based on NIRCam and NIRISS imaging. To account for quadrant gaps, Abell 370 was observed with three MSA configurations in the CLU field, with each configuration observed for 2.9 ks using nodded 3-shutter slitlets.
NIRSpec data processing follows the procedures described in Desprez et al. (2024), Heintz et al. (2025), and Sarrouh et al. (2026). Stage 1 of the Space Telescope Science Institute (STScI) JWST pipeline is applied, incorporating custom corrections for snowballs and 1/f noise, followed by Stage 2, which includes photometric calibration. Further reduction included grizli (Brammer 2023a) and msaexp (Brammer 2023b) packages, with wavelength calibration corrected for intra-shutter offsets, standard nodded background subtraction, and optimal 1D extraction accounting for point spread function (PSF) variation with wavelength. Owing to its bright Lyα emission and multicomponent morphology, HCM 6A was selected as a high-priority target for NIRSpec follow-up, with three adjacent slits (NIRSpec IDs: 2101494, 2190001, and 2190002; S1, S2, and S3, hereafter) approximately centered on its three main clumps (C1, C2, and C3, hereafter; see Fig. 1).
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. NIRCam imaging, NIRSpec/PRISM spectroscopy, and the spectro-photometric fit for the bright LAE HCM 6A at z = 6.5676. Top left: Red-green-blue (RGB) composite image of the system constructed from JWST/NIRCam 20 mas imaging by assigning F200W to the red channel, F150W to the green channel, and F115W to the blue channel. Middle left: NIRCam F115W image of the system. The three adjacent NIRSpec slits (S1, S2, and S3) are overlaid on the RGB and F115W images targeting the three main clumps, C1–C3. Clumps C1 and C3 exhibit internal substructure and are composed of mini-clumps (C1a–C1b and C3a–C3e), ordered from brightest to faintest in the RGB image. Top-right and bottom panels: Slit-level photometry (teal circles), photometry-rescaled NIRSpec PRISM slit spectroscopy (black line), and the slit-level spectro-photometric fit using customized BAGPIPES (red line). Solid and dashed vertical lines indicate detected and undetected UV–optical emission lines, respectively. The vertical orange strip indicates the wavelength range of the UV bump absorption feature. The reduced chi-square, χν2, for each fit is shown in the top right. Insets: Basic galaxy properties derived from the SED fitting.



2.4. Previous multiwavelength observations of HCM 6A
HCM 6A is a well-known, clumpy, and luminous LAE at z = 6.5676 behind the lensing cluster Abell 370 (Hu et al. 2002; Chary et al. 2005; Boone et al. 2007; Kanekar et al. 2013; Fuller et al. 2020). This lensed source (with lensing magnification μ ≈ 8.3 − 9.1) was first identified as an LAE candidate using Keck Low Resolution Imaging Spectrometer (LRIS) imaging and subsequently spectroscopically confirmed with LRIS (Hu et al. 2002). Its bright Lyα emission shows a strongly asymmetric profile with a steep blue cutoff, consistent with scattering in a neutral medium. Star formation rate estimates span ∼2 − 40 M⊙ yr−1, depending on whether they are derived from Lyα or UV continuum luminosity (LUV = 2 × 1029 erg s−1 Hz−1). Next, HCM 6A has also been spectroscopically confirmed with Keck Deep Imaging Multi-Object Spectrograph (DEIMOS; Fuller et al. 2020). Parameters derived from the Lyα emission line measurements from Hu et al. (2002) and Fuller et al. (2020) are reported in Table 1.
Table 1. 
Parameters derived from the Lyα emission line measurements from the literature.

HCM 6A has also been detected with Spitzer Infrared Array Camera (IRAC) at 3.6 and 4.5 μm tracing rest-frame optical emission (Chary et al. 2005). From the Hα flux, an SFR estimate of > 140 M⊙ yr−1 is inferred – higher than estimates based on Lyα and UV, consistent with the dust extinction of AV ∼ 1. They estimated a stellar mass of M* = 8.4 × 108 M⊙.
Millimeter observations of HCM 6A with the Institut de Radioastronomie Millimétrique (IRAM) 30M and NOrthern Extended Millimeter Array (NOEMA) resulted in a non-detection of the C II 158 μm and the continuum emission (Boone et al. 2007; Kanekar et al. 2013). The estimated upper limit on the dust mass is Mdust < 5.3 × 107 M⊙ (Boone et al. 2007). HCM 6A has also been observed with Atacama Large Millimeter/submillimeter Array (ALMA) Band 6 (2018.1.00035.L; PI Kotaro Kohno; Fujimoto et al. 2024), at the edge of the map where the sensitivity is relatively low, resulting in a non-detection, with a 3σ upper limit of ∼0.3 mJy, corresponding to a de-lensed dust mass upper limit of Mdust ≲ 5 × 106 M⊙ (following the methodology of Dunne et al. 2000; Casey 2012; Casey et al. 2014). Finally, Chandra did not detect an X-ray counterpart to HCM 6A (Bautz et al. 2000), suggesting the absence of a strong active galactic nucleus.
3. Methodology
3.1. Lyα mapping
We applied SLEUTH (Estrada-Carpenter et al. 2024, 2025) to the NIRISS WFSS spectrum with the F090WN filter (Sect. 2.1) to derive a high-quality Lyα emission line map of the LAE. SLEUTH is a spatially resolved grism-modeling pipeline that produces clean emission-line maps, accounting for spatially varying stellar populations. SLEUTH segments each galaxy into small regions – grown from the brightest pixel through nearest-neighbor expansion, until a target S/N of 20 is achieved, yielding roughly 30 regions across the source. For each region, SLEUTH forward-models spectral templates, including emission lines, and fits them to the observed grism spectra. The method explicitly captures spatial variations in stellar populations and line strengths while minimizing continuum leakage.
The extracted Lyα emission map was PSF-matched to the NIRCam/F115W resolution and resampled to a pixel scale of 0.04″. At the source’s redshift, this corresponds to ≈75 pc per pixel for an isotropic magnification of ∼8.3 − 9.1. However, the true source-plane resolution is anisotropic: ≈25 pc in the tangentially magnified direction (with μtan ≈ 7.6 − 8.4) and ≈180 pc in the radial direction (μrad ≈ 1.1). To complement the Lyα map, we extracted a 1D NIRISS spectrum from the GR150C and GR150R grisms, crossed with the four wide-band filters (F090WN–F200WN). The Lyα emission line is clearly visible at λobs ≈ 9200 Å, fully consistent with a redshift of z ≈ 6.6 (Fig. 2).
	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. NIRISS 1D slitless spectrum of HCM 6A. The spectrum combines extractions from the NIRISS GR150C and GR150R grisms crossed with the F090WN, F115WN, F150WN, and F200WN filters. The spectrum shows a clear detection of the Lyα emission line at λobs ≈ 9200 Å, consistent with z ≈ 6.6 (solid vertical line). Dashed vertical lines indicate the expected positions of selected undetected emission lines.



3.2. Gravitational lens modeling and size measurements
The lens model was constrained using the parametric lens modeling code Lenstool (Kneib et al. 1996; Jullo et al. 2007). We adopted the lens model parameterization described in Gledhill et al. (2024). We further improved the model by incorporating a newly identified and confirmed multiple-image system at z = 5.97, thereby constraining the model using a catalog of 119 multiple images. The updated lens model will be available on MAST1. The magnification of the LAE, derived from the Bayesian samples of this model, lies in the range μ ≈ 8.3 − 9.1 across the source (i.e., NIRSpec slits). Most of this magnification arises from tangential stretching along the east–west direction, with a tangential component of μtan ≈ 7.6 − 8.4.
We measured the source and individual clump sizes directly in the source plane by forward-modeling the observed photometry with Lenstruction (Yang et al. 2020). The galaxy is modeled with a multicomponent profile comprising a Sérsic function for the underlying stellar component and the largest clump, and Gaussian profiles for the remaining individual clumps. The intrinsic source model is then iteratively mapped to the image plane using the gravitational-lensing maps and convolved with the empirical PSF. For the entire source, we obtain a source-plane half-light radius of 66.0 ± 0.3 milliarcseconds (mas), corresponding to ≈360 pc at z = 6.5676. The largest clump (C1a) has a best-fit size of 6.39 ± 0.2 mas (≈35 pc). However, the quoted uncertainties are likely underestimated; the true statistical uncertainties are expected to be at the ≈10 − 20% level, depending on the adopted model. All the remaining clumps are unresolved, with 2σ upper limits of < 2.8 mas (< 15 pc) on their intrinsic sizes.
3.3. SED fitting with customized BAGPIPES
Building on previous works (Markov et al. 2023, 2025a,b), we have established a robust SED fitting framework capable of simultaneously constraining galaxy physical properties and the shape of the dust attenuation curve. We applied our customized BAGPIPES SED-fitting pipeline (Markov et al. 2023) to perform joint spectro-photometric fits and infer the global (∼1 kpc), slit-level (∼0.1 kpc), and pixel-level (≈25 pc) properties of our LAE source at z = 6.5676, including stellar mass (M*), SFR (both corrected for the local lensing magnification μ), mass-weighted stellar age ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} $]), ionization parameter (log U), metallicity (Z), and the V-band attenuation (AV), along with the parameters (c1 − c4) of the dust attenuation model (Li et al. 2008).
We modeled galaxy spectra using a customized version of the BAGPIPES SED fitting code (Carnall et al. 2018), which employs a Bayesian framework with the MultiNest sampler (Feroz et al. 2019). Stellar emission was generated with the Stellar Population Synthesis (SPS) models of Chevallard & Charlot (2016), while nebular continuum and line emission were taken from precomputed CLOUDY grids (Ferland et al. 2017), with varying stellar age, metallicity, and ionization parameter. Our fiducial star formation history (SFH) adopts a nonparametric continuity prior (Leja et al. 2019), which provides greater flexibility and minimizes biases compared to simple parametric forms. Our customized BAGPIPES (Markov et al. 2023) includes a flexible dust attenuation law (Li et al. 2008), which captures the expected diversity of attenuation curves at high redshift (e.g., Markov et al. 2025a,b). This formalism allows both the slope and the UV bump strength to vary, enabling us to explore departures from fixed empirical dust laws. The priors and their limits for each parameter of the SED fitting model are given in Table 2.
Table 2. 
SED fitting parameters and their priors.

We note that, although the spectroscopic redshift is securely determined from multiple emission lines, we allowed the redshift parameter in BAGPIPES to vary within a narrow prior of zspec ± 0.01. This was not intended to redetermine the redshift, but to allow limited flexibility to account for small mismatches between the low-resolution PRISM spectra and the model wavelength sampling. Fixing the redshift to zspec yields physical parameters fully consistent within the quoted uncertainties.
The analytical form of the dust attenuation model is given by
[image: Mathematical equation: $$ \begin{aligned} A_{\lambda }/A_V =&\frac{c_1}{(\lambda /0.08)^{c_2} +(0.08/\lambda )^{c_2} +c_3}\nonumber \\&+ \frac{233[1-c1/(6.88^{c_2}+0.145^{c_2}+c_3) -c_4/4.60]}{(\lambda /0.046)^2+(0.046/\lambda )^2+90}\nonumber \\&+ \frac{c_4}{(\lambda /0.2175)^2+(0.2175/\lambda )^2-1.95}, \end{aligned} $$](1)
where c1 − c4 are dimensionless parameters and λ is the wavelength in μm. The three Drude-like components on the right-hand side of Eq. (1) model, respectively, the far-UV rise, the optical–near-IR attenuation, and the ∼2175 Å bump.
For consistency with previous works (Markov et al. 2025a,b) and to facilitate comparison with literature results, we adopted the attenuation curve parameterization of Salim & Narayanan (2020), which describes each curve in terms of two key quantities: the UV–optical slope (S) and the UV bump strength (B) at ∼2175 Å. The slope, S, is defined as S = A1500/AV, where A1500 and AV are attenuation at λ = 1500 Å and in the V band, respectively. The UV bump strength, B is defined as B = Abump/A2175, where Abump denotes the excess attenuation above the baseline attenuation (i.e., the attenuation in the absence of the bump at λ = 2175 Å, and A2175 is the total attenuation at λ = 2175 Å.
To derive the global physical properties of the galaxy on kiloparsec scales, we performed SED fitting using the total HST+NIRCam photometry of the entire system. We used the catalog COLOR03 aperture fluxes and scaled them to approximate total fluxes using the KRON/COLOR03 flux ratio measured in the F277W band. This scaling ensures consistent total-flux normalization across all bands, while preserving the high-S/N colors required for reliable global SED constraints.
Next, to derive spatially resolved constraints on key physical properties, we carried out spectro-photometric SED fitting by combining the NIRSpec/PRISM spectra (reduced with msaexp v4; Brammer 2023b) with matching HST + NIRCam photometry extracted over the same aperture. NIRSpec slit has a width of 0.2″, corresponding to ∼0.37 kpc in the source plane, or ∼0.13 kpc along the tangential direction (given a magnification μ ≈ 8.3 − 9.1). Each spectrum was rescaled with corresponding photometry to correct for slit losses and ensure consistent flux calibration. In this procedure, the photometric bands with S/N < 2 and rest-frame wavelengths λrest ≲ 1300 Å were excluded to avoid contamination from Lyα emission and the damping wing region. Synthetic photometry was generated by convolving the spectra with the filter transmission curves using Dense Basis (Iyer et al. 2019). The ratio of observed to synthetic photometry was fit with a first-degree Chebyshev polynomial to derive a linear spectral correction, preventing the artificial introduction of a UV bump around λ ∼ 2175 Å.
The rescaled spectra were then masked in regions of negative flux and blueward of Lyα to remove noisy slit-edge data and possible IGM absorption. The resulting photometry, spectroscopy, and best-fit SED models for the three slits are shown in Fig. 1 (top-right and bottom panels).
Finally, we performed pixel-level SED fitting using 19-band HST + NIRCam imaging to derive spatially resolved properties on a pixel scale of 0.04″, corresponding to ≈25 pc in the source plane, owing to lensing. We restricted the analysis to pixels with S/N > 10 in the χmean detection image, which combines multiple bands weighted by their depth to optimize source detection across the field (see Sarrouh et al. 2026 for details). In addition, for this part of the analysis, we adopted a physically motivated logarithmic metallicity prior of Z/Z⊙ ∈ [0.001, 1], given the limited sensitivity of low-S/N, broadband photometry to infer Z, ensuring physically plausible solutions. Together, these complementary analyses provide a robust cross-validation of the LAE’s physical properties inferred from SED fitting across multiple spatial scales – global (∼1 kpc), slit-level (∼0.13 kpc), and pixel-level (∼25 pc).
3.4. AV from Balmer decrement and UV slope (β)
We derived the UV slope (β) values using the msaexp package (Brammer 2022, 2023b; Heintz et al. 2024; de Graaff et al. 2025) by fitting a power law to the photometry corrected NIRSpec/PRISM spectra in the rest-frame UV, specifically within the two wavelength windows: 1400 − 1860 Å and 1955 − 2580 Å, selected to avoid contamination from the C III] emission line. We also estimated the dust attenuation AVB from the Balmer decrement, defined as the ratio of the observed to intrinsic Hα/Hβ line fluxes. The observed Hα/Hβ ratios: Hα/Hβobs = 2.9 ± 0.6 for S1, Hα/Hβobs = 2.3 ± 0.4 for S2, and Hα/Hβobs = 2.3 ± 0.2 for S3; were measured from our emission line fits following the methodology of Tripodi et al. (2025). The intrinsic ratio (Hα/Hβint ≃ 2.78) was derived using the PyNeb software package (Luridiana et al. 2015), assuming an electron temperature of Te− ≃ 15 000 K and an electron density of ne− = 1000 cm−3 (Strom et al. 2017; Sanders et al. 2024).
4. Results and discussion
4.1. Global properties
We derived the global physical properties of the galaxy by fitting the total combined HST+NIRCam photometry, obtaining SFR and M* (μ-corrected), specific SFR (sSFR), [image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} $], log U, Z, AV, along with attenuation curve parameters S and B (following the parametrization of Salim & Narayanan 2020). Additionally, we estimated the intrinsic UV luminosity of the system, using the total flux in the F115W band, which closely probes the rest-frame ∼1500 Å continuum at z = 6.5676. The measured flux of fν = 0.446 ± 0.019 μJy corresponds to an observed absolute magnitude of [image: Mathematical equation: $ M_{\mathrm{UV}}^{\mathrm{obs}} = -22.1 \pm 0.1 $]. After correcting for the lensing magnification (μ = 8.3 − 91, the intrinsic UV luminosity of the galaxy is MUV = −19.8 ± 0.1, consistent with the estimate reported by Fuller et al. (2020). The intrinsic UV magnitude corresponds to a monochromatic luminosity of Lν = 3.6 ± 0.2 × 1028 erg s−1 Hz−1, a factor of ∼5 lower than the estimate by Hu et al. (2002). This luminosity is typical of moderately luminous galaxies at the EoR (e.g., Ono et al. 2010; Witstok et al. 2024, 2025; Willott et al. 2025). Global physical properties of HCM 6A are reported in Table 3.
Table 3. 
Constrained global properties of HCM 6A.

4.2. Slit-level properties
We performed joint spectro-photometric fitting, combining HST and NIRCam slit-level (∼0.37 kpc in the source plane, or ∼0.13 kpc tangentially) photometry with photometry-rescaled NIRSpec PRISM spectra obtained in three adjacent slits (S1–S3) roughly centered on the three main clumps (C1–C3; Fig. 1). This mini-integral field unit (IFU) configuration provides slit-level, spatially resolved key physical properties from the SED fits: SFR and M* (μ-corrected), [image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} $], log U, Z, AV, along with attenuation curve parameters.
The de-lensed stellar masses are log M* = 8.04 ± 0.10 for S1, log M* = 7.75 ± 0.03 for S2, and log M* = 7.51 ± 0.02 for S3. The combined intrinsic stellar mass of the three slit regions, log M* = 8.30 ± 0.06, is in excellent agreement with the total unlensed stellar mass inferred from the integrated HST+NIRCam photometry (log M* ≃ 8.3 − 8.4; Table 3).
In addition, we independently estimated the slit-level dust attenuation from the Balmer decrement (AVB) derived from the Hα/Hβ ratio. We measured the UV continuum slope β directly from the photometry-rescaled NIRSpec spectra. These complementary estimates allowed us to cross-check and compare the attenuation inferred from the SED fitting (AV) with those derived from nebular emission lines (AVB) and from the stellar continuum (β). Figure 3 depicts slit-level, spatially resolved stellar, nebular, and dust properties across our target galaxy. The metallicity map is omitted, as SED fitting may not provide reliable constraints. However, the fitted values span Z ∼ 0.2 − 0.7 Z⊙ from the young, low-mass region (S3) to the more evolved one (S1).
	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Slit-level, spatially resolved physical properties of the target system: stellar mass (log M*; panel a), SFR (panel b), mass-weighted stellar age ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} $]; panel c), ionization parameter (log U; panel d), V-band attenuation (AV; panel e), slope (S; panel f) and UV bump (B; g) of the dust attenuation curve, attenuation derived from the Balmer decrement (AVB; panel h), and UV continuum slope (β; panel i). Both log M* and SFR are corrected for the lensing magnification. The NIRCam 20mas F115W map of the system is shown as the background image.



The AV estimates from SED fitting indicate that all three slit regions are moderately dusty (AV ∼ 0.2 − 0.4), with S3 being the most attenuated (AV ∼ 0.39 ± 0.05; Fig. 3e). In contrast, attenuation derived from the Balmer decrement (AVB) suggests a possible mild attenuation in S1 (AVB = 0.15 ± 0.70) and negligible attenuation in the remaining two regions (AVB ∼ 0; Fig. 3h), although the associated uncertainties are large. Indeed, the attenuation derived from Balmer line ratios in S2 and S3 is slightly negative (AVB ≲ 0), which is unphysical. Such results are occasionally observed, particularly in low-mass, high-redshift galaxies (e.g., Matharu et al. 2023; Shapley et al. 2023). They are likely due to measurement uncertainties or deviations in gas temperature and density from the standard Case B recombination assumptions (Osterbrock & Ferland 2006).
While S1 appears moderately dusty across all attenuation indicators, the remaining two regions show a clear tension between the stellar and nebular dust probes. The discrepancy between the V-band attenuation derived from the SED modeling (AV) and that inferred from Balmer line ratios (AVB) – most notably in S3 – may point to a complex geometry between stars, gas, and dust, where the stellar and nebular components are subject to different levels of dust obscuration (e.g., Finkelstein et al. 2008). Since AV primarily traces attenuation of the UV–optical continuum, it is intrinsically more sensitive to stellar than to nebular line emission. This interpretation is also supported by the UV continuum slope, β, which also traces dust attenuation of the stellar populations. S3 exhibits the reddest UV slope (β = −2.1 ± 0.1), corresponding to moderate stellar obscuration (AV ≳ 0.15; assuming the Meurer et al. 1999 relation), while S1 and S2 show bluer slopes (β ∼ −2.3; Figs. 3i and A.1), consistent with negligible stellar attenuation (AV ≳ 0.0). These results reinforce the interpretation that S3 experiences the highest stellar attenuation among the three regions.
In contrast, the Balmer-derived attenuation, AVB – which primarily traces dust affecting nebular emission lines – indicates a weak attenuation in S1, with AVB ∼ 0.15 (although with large uncertainty) and no significant attenuation of the ionized gas in S2 and S3, with AVB ∼ 0. This interpretation is further supported by the strength of the UV and optical emission lines in the NIRSpec PRISM spectra across the three clumps (Figs. 1 and A.1). Notably, S3 exhibits the brightest nebular emission lines (Fig. 1; bottom-right panel, Fig. A.1, insets). The potential presence of Lyα, which is particularly sensitive to resonant scattering and dust absorption (e.g., Dijkstra 2014), reinforces the conclusion that the nebular regions in S3 experience little to no dust attenuation.
We note that a tentative detection (S/N of ∼4) of the Lyα emission line is seen in the v3 NIRSpec reduction of the S3 region, whereas it is not significantly detected in v4. These two reductions correspond to independent background subtraction strategies, and the difference between the resulting v3 and v4 spectra likely reflects reduction-dependent background treatment (see Appendix B). Repeating the full analysis with the v3 spectra yields results consistent within 1−2σ, including the AVB values inferred from the Balmer decrement.
This is consistent with a very young stellar population ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} = 10 \pm 1 $] Myr; Fig. 3c) and high sSFR in S3 (sSFR ≃ 55 Gyr−1) suggesting that radiation-driven outflows from a recent starburst may have cleared out much of the dust from the ionized regions (e.g., Tsuna et al. 2023; Ferrara et al. 2023; Ferrara 2024; Nakazato & Ferrara 2025). The extreme inferred sSFR in S3 places this region in a regime consistent with a super-Eddington starburst, in which feedback is expected to be dominated by radiation pressure. In this scenario, efficient dust clearing by the outflow is naturally expected, a condition also indirectly required by the detection of Lyα emission (Ferrara 2024; Nakazato & Ferrara 2025). The properties of S3 therefore closely resemble those predicted by attenuation-free models for compact, rapidly growing systems, making it a compelling analog of the “super-early” blue star-forming galaxies inferred at z ≳ 10 (Ferrara 2024; Ferrara et al. 2025; Nakazato & Ferrara 2025).
The Lyα-emitting clump (2σ contours in Fig. 4) has an observed size of 0.08″ × 0.10″, which, after correcting for lensing, corresponds to an effective source-plane radius of Reff ∼ 80 pc – combined with the young stellar age ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}}\lesssim 10 $] Myr), this yields a minimal characteristic clearing velocity of [image: Mathematical equation: $ v_{\mathrm{clear}} \gtrsim R_{\mathrm{eff}}/{\langle a \rangle}_{*}^{\mathrm{m}} \gtrsim 8 $] km s−1. This quantity represents the minimum expansion rate required to remove or dilute dust and neutral gas over the extent of the Lyα cavity. This is consistent with modest (a few tens of km s−1) local radiation- and stellar-feedback models, which predict low-velocity expansion of ionized cavities capable of opening the low-opacity channels necessary for Lyα escape (e.g., Dijkstra & Loeb 2008; Kimm et al. 2018).
	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Pixel-level, spatially resolved physical properties of the target system: stellar mass (log M*; panel a), SFR (panel b), mass-weighted stellar age ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} $]; panel c), ionization parameter (log U; panel d), V-band attenuation (AV; panel e), slope (S; panel f) and UV bump (B; panel g) of the dust attenuation curve, sSFR (panel h), and Lyα flux (fLyα; panel i). The quantities log M*, SFR, and fLyα are corrected for lensing magnification. The three adjacent NIRSpec slits are overlaid as cyan rectangles. The NIRCam RGB map is shown as white contours at the 5σ and 10σ levels, while the Lyα emission is traced by magenta contours at 1−2σ.



In summary, the more massive, star-forming and the oldest (Figs. 3a–3c) region S1 appears moderately dusty across all attenuation indicators – suggesting a relatively uniform and more settled ISM geometry, expected for an evolved (∼240 Myr) region. In contrast, the youngest region S3 shows clear tensions between the different attenuation diagnostics, while S2 represents an intermediate case. These tensions likely reflect the various physical components probed by each diagnostic – with AV and β tracing stellar continuum attenuation, and AVB and emission line brightness tracing the nebular component – suggesting a complex dust geometry and more turbulent ISM in S3. However, the limited spatial resolution of the slit-level spectro-photometric data (∼0.1 kpc) restricts our ability to resolve the small-scale structures and disentangle these components.
4.3. Pixel-level properties
To test the geometry-driven explanation for the observed dust attenuation discrepancies, we investigated the spatially resolved properties on a pixel scale by performing SED fitting of the 19-band photometry from HST and JWST. The strong lensing magnification (μ ≈ 8.3 − 9.1) allowed us to probe extremely fine spatial scales, with the drizzled NIRCam pixel size of 0.04″ corresponding to an average of ≈25 pc in the source plane. This resolution approaches the scale of individual giant H II regions and massive star-forming clumps (e.g., Hunt & Hirashita 2009), enabling a detailed view of the galaxy’s internal structure and the interplay between dust, stars, and feedback.
On identical physical scales, we also leveraged NIRISS WFSS observations to generate a spatially resolved Lyα emission map (Fig. 4i), providing additional insight into the spatial distribution of ionized gas and its relationship with dust attenuation on ≈25 pc scale. We measure a total integrated Lyα flux of FLyα = (7.0 ± 0.3)×10−17 erg s−1 cm−2 across the entire galaxy (see Appendix B). After correcting for lensing magnification (μ ≈ 8.3 − 9.1), this corresponds to an intrinsic flux in the range of FLyα = 8.2 − 9.0 × 10−18 erg s−1 cm−2, depending on the magnification (μ ≈ 8.3 − 9.1), consistent with previous measurements in the literature (Hu et al. 2002; Fuller et al. 2020; see Table 1).
The spatially resolved pixel-level stellar, nebular, dust, and Lyα maps of our LAE are shown in Fig. 4. The properties log M*, SFR, and fLyα are corrected for lensing magnification based on the (World Coordinate System (WCS)-matched) magnification map, derived from the best-fit lens model, covering the region around the target galaxy. The sum of the intrinsic stellar masses over all SED-fitted pixels within the source yields log M* ≃ 9.1, a factor of ∼5 − 6 higher than the total stellar mass inferred from the integrated photometry (log M* = 8.3 − 8.4) or from the sum of the three NIRSpec slit regions (log M* ≃ 8.3). Restricting the sum to only the pixels within the three slits reduces the discrepancy, but still produces log M* ≃ 8.8, i.e., a factor of ∼3 higher than the integrated and slit-based stellar mass estimates. This discrepancy is consistent with the well-known tendency of unresolved SED-based estimates to yield systematically lower stellar masses than resolved, pixel-by-pixel SED fitting, possibly due to the outshining effect (Sorba & Sawicki 2015, 2018; Giménez-Arteaga et al. 2023; Harvey et al. 2025).
Most of the pixel-level quantities show good overall agreement with the slit-level results (Fig. 3), although the higher resolution of the pixel-based analysis reveals finer spatial variations. The main exception is the mass-weighted stellar age, which does not show consistent trends between the two approaches (Figs. 3c and 4c) – likely due to the limited ability of photometry-only SED fitting to constrain stellar ages (Chaves-Montero & Hearin 2020; Nersesian et al. 2024, 2025), given the age–dust–metallicity degeneracies (see, e.g., Walcher et al. 2011 for a review). Overall, while pixel-level SED fitting enhances spatial resolution, the accuracy of parameters, such as stellar age, metallicity, dust attenuation, and UV slope (β), remains limited by the low-S/N photometry and lack of spectroscopic coverage in individual pixels (Saxena et al. 2024; Nersesian et al. 2025). In particular, Balmer-line attenuation (AVB) requires robust spectroscopic detections of the Hα and Hβ lines.
NIRISS Lyα emission line map shows that the Lyα emission is concentrated in clump C3, with its peak located around and slightly north of the C3b mini-clump (Fig. 4i). The V-band attenuation (AV) also peaks around C3, consistent with the slit-level results (Figs. 3e and 4e), seemingly at odds with expectations given the strong sensitivity of Lyα to scattering and absorption by dust (e.g., Haiman & Spaans 1999). However, the pixel-level maps provide a more detailed view of the spatial distribution: the Lyα emission is concentrated in the central region of C3, whereas the AV peaks in the regions surrounding the Lyα peak, toward the C3 outskirts (AV ∼ 0.3 − 0.5). This spatial configuration suggests a complex ISM geometry in which the central region of C3 is largely ionized and relatively dust-free (AV ∼ 0.1 − 0.3), allowing Lyα photons to escape through cleared channels (e.g., Atek et al. 2008) even through the partially neutral IGM (e.g., Ferrara 2024). The inferred young age of this region ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} \sim 10 $] Myr in S3; Fig. 3c) indicates a recent star-formation episode that has likely expelled and/or destroyed much of the dust in the core through radiation-driven outflows, displacing it toward the periphery of the clump, possibly via radiation-driven outflows (e.g., Ferrara 2024; Nakazato & Ferrara 2025). We note, however, that we are probably observing a relatively dust-cleared sightline toward the C3 core; from other orientations, dust in the outskirts could obscure the central emission and suppress the observed Lyα escape. Finally, these results also show that the presence of dust does not necessarily inhibit Lyα escape: instead, the detailed geometry of dust and stars-likely sculpted by stellar feedback-plays a determining role in regulating Lyα transmission.
4.4. Attenuation curve properties
In Fig. 5 we show the attenuation curves reconstructed from the flexible dust model parameters (c1 − c4; Li et al. 2008) implemented in our customized BAGPIPES framework (Markov et al. 2023). From the global SED fit (Table 3) to the combined photometry and rescaled NIRSpec spectra of the three slit regions (Fig. 5), the inferred attenuation curves are predominantly flat and largely featureless – i.e., “Calzetti-like” (Calzetti et al. 2000) – consistent with recent high-z observations (z ∼ 6.3 − 11.5; Markov et al. 2025a) and predictions (z ∼ 6; Narayanan et al. 2018) indicating dust dominated by large, supernova-produced grains with limited ISM reprocessing (e.g., Markov et al. 2025a; McKinney et al. 2025). Nevertheless, a measurable variation in slope and UV-bump strength can be observed across the clumps.
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Dust attenuation curves of the three slit regions (S1–S3) at z = 6.5676 derived from the slit-level spectro-photometric fits. S1, S2, and S3 are shown as solid blue, dashed orange, and solid green lines, respectively. Standard Milky Way (MW), Calzetti, and Small Magellanic Cloud (SMC) attenuation curves are overplotted for comparison (dashed, dotted, and solid gray lines, respectively). Inset: Corresponding SFHs of the three slit regions.



At the slit level, the attenuation curve slope (S) remains relatively constant (S ∼ 2.3 − 2.6; Fig. 3f) across the three clumps, varying by ∼10%. Given this limited variation, we refrained from over-interpreting potential trends involving S. In contrast, the UV bump strength (B) varies more (Fig. 3g), ranging from being negligible in S3 to being more prominent in S1 and S2. Notably, B increases with decreasing AV (Fig. 3e) and increasing age (Fig. 3c), consistent with the global trends observed in, for example, Battisti et al. (2020) and Markov et al. (2025b).
We report a tentative (∼2.6σ) detection of a weak UV bump in the slit region S1 of the LAE, with the UV bump parameter c4 = 0.012 ± 0.005 (B = 0.10 ± 0.05), corresponding to ∼23% (∼28%) of the Milky Way bump. To confirm the presence of the 2175 Å UV bump in this source, we used χ2 statistics (e.g., Lucy 2016) to perform a nested model comparison between (i) the fiducial SED model (with a free UV bump amplitude c4) and (ii) the same model without a bump (with c4 = 0). The comparison yields only weak evidence for the presence of the feature in the spectral region around the bump (p ≃ 0.25), whereas the full-spectrum fit shows a significant improvement when including the bump component (p < 0.05).
At the pixel level, both the dust attenuation curve slope (S) and UV bump amplitude (B) exhibit a broader range of variation compared to the slit-level results (panels f and g of Figs. 3 and 4). In addition, both S and B peak around the position of clump C1 (C1a), extending slightly toward C2, with a smaller peak around the C3e mini-clump (Figs. 3f and 3g). The SFR (averaged over 10 Myr), sSFR, and ionization parameter (log U; Figs. 3b, 3i, and 3d, respectively) also peak between and northward of C1 and C2, with smaller peaks around C3d-e, potentially tracing merger-induced recent star formation. The resulting strong radiation fields in these regions may drive the reprocessing of dust grains and the production of smaller grains (including carbonaceous grains or polycyclic aromatic hydrocarbons), leading to steeper slopes and stronger UV bumps (Narayanan et al. 2023; Ormerod et al. 2025).
This behavior contrasts with trends typically observed on global galaxy scales, where steeper slopes and stronger bumps are typically associated with lower sSFRs and older stellar populations (e.g., Kriek & Conroy 2013; Battisti et al. 2020; Markov et al. 2025b). This discrepancy likely reflects the different drivers of the sSFR on local versus global scales: globally, the sSFR is driven mainly by the inverse of stellar age (e.g., Langeroodi et al. 2024) or stellar mass (by definition); locally, sSFR variations arise mostly from local variations in SFR at nearly fixed stellar mass within a single clump (Fig. 4). As a result, the pixel-level correlation between S, B, and SFR (sSFR) probably traces spatially localized star formation and feedback, whereas the global anticorrelation with sSFR reflects longer-term evolutionary trends.
5. Summary and conclusions
We have presented a detailed case study of the well-known, strongly lensed Lyα-emitting galaxy HCM 6A at z = 6.5676, located behind Abell 370 and observed as part of JWST/CANUCS. Combining 19-band HST+NIRCam photometry, three JWST/NIRSpec slits, and NIRISS imaging and slitless spectroscopy, we constrained the galaxy’s Lyα emission, spatially resolved physical properties, and dust attenuation curve. A high-quality Lyα map from SLEUTH further revealed the spatial distribution of Lyα emission. Using a customized BAGPIPES SED-fitting framework with a flexible dust law, we derived stellar, nebular, and dust properties across multiple spatial scales – from integrated (≈1 kpc) to slit (≈0.1 kpc) and pixel levels (down to ≈25 pc tangentially) – enabled by strong lensing magnification (μ ≈ 8.3 − 9.1).
Together, these multiwavelength, spatially resolved observations provide an unprecedented view of the interplay between dust, Lyα escape, and feedback in a clumpy galaxy near the end of reionization. Our main results are:

	
From integrated HST+NIRCam photometry, we infer an unlensed stellar mass of log M* = 8.3 − 8.4, consistent with the sum of the de-lensed masses of the three NIRSpec slit regions. Using the F115W continuum, which traces the rest-frame UV at 1500 Å, we measure an intrinsic UV magnitude of MUV = −19.8 ± 0.1, corresponding to a luminosity of Lν = 3.6 × 1028 erg s−1 Hz−1.



	
Slit-level (≈0.1 kpc) maps show that the most massive, oldest region, S1, is moderately dusty and consistent across all attenuation indicators, suggesting a uniform ISM geometry. In contrast, the youngest region, S3, shows strong discrepancies between stellar (AV, β) and nebular (AVB, line emission) tracers, indicating a complex, multiphase dust geometry, possibly shaped by recent feedback.



	
The pixel-level, NIRISS Lyα emission line map shows that Lyα emission arises mainly from clump C3, where AV is also high on average. Pixel-level maps reveal that Lyα emerges from the dust-cleared core, while AV peaks in the clump outskirts. This is consistent with a possible recent starburst ([image: Mathematical equation: $ \langle a \rangle_{*}^{\mathrm{m}} \lesssim 10 $] Myr) that ionized the core and expelled dust via radiation-driven outflows, enabling Lyα escape through low-opacity channels.



	
We constructed one of the first spatially resolved attenuation curve maps at z > 6. Slit-level measurements yield a broadly Calzetti-like slope (S ≈ 2.3 − 2.6) and a UV bump strength (B) that increases with stellar age and lower AV. Pixel-level maps show that both S and B rise in the more evolved region between clumps C1 and C2, consistent with dust-grain processing and the formation of small (carbon-rich) grains in a star-forming region.



	
We find weak evidence (∼2.6σ) for a UV bump in S1 (∼25% of the Milky Way bump).




These findings provide the spatially resolved view of HCM 6A down to ≈25 pc, revealing how dust, gas, and stars interacted within a moderately dusty LAE at the EoR. Our combination of slit-level photometry and spectroscopy, together with pixel-level photometry and Lyα mapping, reveals a complex, multiphase ISM shaped by recent star formation and feedback, and demonstrates that low-opacity channels enable Lyα escape. Importantly, these results show that dust does not necessarily suppress Lyα escape; instead, the small-scale geometry of dust and stars – likely reshaped by recent feedback – plays a central role in regulating Lyα transmission.
However, our knowledge of some key physical quantities – such as AVB, gas-phase metallicity, and ionization state – remains limited by the lack of fully resolved spectroscopy, while parameters like stellar age, attenuation, and β remain uncertain due to the low S/N at the pixel level. Future deep JWST/NIRSpec IFU observations can overcome these limitations by providing spatially resolved spectroscopy, which enables robust measurements of the dust, gas, and ionization structure, and allows for a definitive test of the mechanisms regulating Lyα escape.
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Appendix A:  Overplotted spectra of individual slit regions (S1–S3)
	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Photometry-rescaled NIRSpec PRISM slit spectra extracted from three adjacent slit regions (S1, S2, and S3; shown in blue, orange, and green, respectively). Main panel: Spectra as a function of observed wavelength, with the corresponding rest-frame wavelength shown on the upper axis. Insets: Zoomed-in views around the Lyα, [O III] doublet, and Hα emission-line regions (left, center, and right, respectively). Dashed vertical lines mark the expected wavelengths of the emission lines. Insets have the same spectral flux density (fλ) and observed wavelength (λobs) units as the main panel.




Appendix B:  Integrated and slit-resolved Lyα fluxes
In Table B.1 we report observed Lyα fluxes not corrected for gravitational lensing magnification, measured for the integrated system and within the three NIRSpec slit regions (S1–S3), using different methods. Column (b) lists fluxes from the NIRISS Lyα map integrated within the adopted aperture encompassing the entire source (total) and the three slits (S1-S3), using CARTA (Cube Analysis and Rendering Tool for Astronomy; Comrie et al. 2021). The sum of the map-based fluxes within S1–S3 corresponds to ≈55% of the total flux of the system, indicating that nearly half of the Lyα emission lies outside the NIRSpec apertures. This highlights that, for spatially extended Lyα emission, NIRSpec slit observations can recover only a fraction of the total flux, an effect that should be considered in large survey studies of LAEs. Column (c) reports the integrated Lyα flux derived from a direct forward-model fit to the 2D NIRISS slitless spectrum using a template-based approach with grizli, where the flux corresponds to the best-fit scaling of the Lyα template.
Table B.1. 
Lyα fluxes FLyα [×10−17 erg cm−2 s−1] or their 3σ upper limits.

Columns (d) and (e) list Lyα fluxes from fits to the photometry-rescaled 1D NIRSpec spectra (v4 and v3) using the Dawn JWST Archive (DJA) NIRSpec data products code (Heintz et al. 2024; de Graaff et al. 2025). A marginal Lyα detection (S/N ≈ 4) is present in the v3 NIRSpec spectrum of S3, while no significant line is recovered in the corresponding v4 extraction. This discrepancy originates from the reduction-dependent background treatment, potentially including self-subtraction effects in v4.
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All Figures
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. NIRCam imaging, NIRSpec/PRISM spectroscopy, and the spectro-photometric fit for the bright LAE HCM 6A at z = 6.5676. Top left: Red-green-blue (RGB) composite image of the system constructed from JWST/NIRCam 20 mas imaging by assigning F200W to the red channel, F150W to the green channel, and F115W to the blue channel. Middle left: NIRCam F115W image of the system. The three adjacent NIRSpec slits (S1, S2, and S3) are overlaid on the RGB and F115W images targeting the three main clumps, C1–C3. Clumps C1 and C3 exhibit internal substructure and are composed of mini-clumps (C1a–C1b and C3a–C3e), ordered from brightest to faintest in the RGB image. Top-right and bottom panels: Slit-level photometry (teal circles), photometry-rescaled NIRSpec PRISM slit spectroscopy (black line), and the slit-level spectro-photometric fit using customized BAGPIPES (red line). Solid and dashed vertical lines indicate detected and undetected UV–optical emission lines, respectively. The vertical orange strip indicates the wavelength range of the UV bump absorption feature. The reduced chi-square, χν2, for each fit is shown in the top right. Insets: Basic galaxy properties derived from the SED fitting.
In the text



	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. NIRISS 1D slitless spectrum of HCM 6A. The spectrum combines extractions from the NIRISS GR150C and GR150R grisms crossed with the F090WN, F115WN, F150WN, and F200WN filters. The spectrum shows a clear detection of the Lyα emission line at λobs ≈ 9200 Å, consistent with z ≈ 6.6 (solid vertical line). Dashed vertical lines indicate the expected positions of selected undetected emission lines.
In the text



	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Slit-level, spatially resolved physical properties of the target system: stellar mass (log M*; panel a), SFR (panel b), mass-weighted stellar age ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} $]; panel c), ionization parameter (log U; panel d), V-band attenuation (AV; panel e), slope (S; panel f) and UV bump (B; g) of the dust attenuation curve, attenuation derived from the Balmer decrement (AVB; panel h), and UV continuum slope (β; panel i). Both log M* and SFR are corrected for the lensing magnification. The NIRCam 20mas F115W map of the system is shown as the background image.
In the text



	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Pixel-level, spatially resolved physical properties of the target system: stellar mass (log M*; panel a), SFR (panel b), mass-weighted stellar age ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} $]; panel c), ionization parameter (log U; panel d), V-band attenuation (AV; panel e), slope (S; panel f) and UV bump (B; panel g) of the dust attenuation curve, sSFR (panel h), and Lyα flux (fLyα; panel i). The quantities log M*, SFR, and fLyα are corrected for lensing magnification. The three adjacent NIRSpec slits are overlaid as cyan rectangles. The NIRCam RGB map is shown as white contours at the 5σ and 10σ levels, while the Lyα emission is traced by magenta contours at 1−2σ.
In the text



	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Dust attenuation curves of the three slit regions (S1–S3) at z = 6.5676 derived from the slit-level spectro-photometric fits. S1, S2, and S3 are shown as solid blue, dashed orange, and solid green lines, respectively. Standard Milky Way (MW), Calzetti, and Small Magellanic Cloud (SMC) attenuation curves are overplotted for comparison (dashed, dotted, and solid gray lines, respectively). Inset: Corresponding SFHs of the three slit regions.
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	[image: Thumbnail: Fig. A.1. Refer to the following caption and surrounding text.]	Fig. A.1. Photometry-rescaled NIRSpec PRISM slit spectra extracted from three adjacent slit regions (S1, S2, and S3; shown in blue, orange, and green, respectively). Main panel: Spectra as a function of observed wavelength, with the corresponding rest-frame wavelength shown on the upper axis. Insets: Zoomed-in views around the Lyα, [O III] doublet, and Hα emission-line regions (left, center, and right, respectively). Dashed vertical lines mark the expected wavelengths of the emission lines. Insets have the same spectral flux density (fλ) and observed wavelength (λobs) units as the main panel.
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        NIRCam imaging, NIRSpec/PRISM spectroscopy, and the spectro-photometric fit for the bright LAE HCM 6A at z = 6.5676. Top left: Red-green-blue (RGB) composite image of the system constructed from JWST/NIRCam 20 mas imaging by assigning F200W to the red channel, F150W to the green channel, and F115W to the blue channel. Middle left: NIRCam F115W image of the system. The three adjacent NIRSpec slits (S1, S2, and S3) are overlaid on the RGB and F115W images targeting the three main clumps, C1–C3. Clumps C1 and C3 exhibit internal substructure and are composed of mini-clumps (C1a–C1b and C3a–C3e), ordered from brightest to faintest in the RGB image. Top-right and bottom panels: Slit-level photometry (teal circles), photometry-rescaled NIRSpec PRISM slit spectroscopy (black line), and the slit-level spectro-photometric fit using customized BAGPIPES (red line). Solid and dashed vertical lines indicate detected and undetected UV–optical emission lines, respectively. The vertical orange strip indicates the wavelength range of the UV bump absorption feature. The reduced chi-square, χν2, for each fit is shown in the top right. Insets: Basic galaxy properties derived from the SED fitting.

      

    

  
    
      Table 1. 

      Parameters derived from the Lyα emission line measurements from the literature.

      
        


	Reference
	1
	2





	zLyα
	≈6.56
	6.572 ± 0.001



	EWLyα [Å]
	≈25.1
	79.5 ± 6.5



	fLyα [×10−18 erg cm−2 s−1]
	≈6.5
	6.3 ± 0.4





      

      
Notes. The listed parameters include the spectroscopic redshift (zLyα), rest-frame equivalent width, and de-lensed flux (fLyα). (1) Hu et al. (2002). (2) Fuller et al. (2020).



    

  
    
      Fig. 2. 

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

      
        NIRISS 1D slitless spectrum of HCM 6A. The spectrum combines extractions from the NIRISS GR150C and GR150R grisms crossed with the F090WN, F115WN, F150WN, and F200WN filters. The spectrum shows a clear detection of the Lyα emission line at λobs ≈ 9200 Å, consistent with z ≈ 6.6 (solid vertical line). Dashed vertical lines indicate the expected positions of selected undetected emission lines.

      

    

  
    
      Table 2. 

      SED fitting parameters and their priors.

      
        


	Parameter
	Limits
	Prior





	z
	(zsp − 0.01, zsp + 0.01)
	Uniform



	σv [km s−1]
	(1, 2000)
	Logarithmic



	[image: Mathematical equation: $ \log{M_{*}^{\mathrm{form}}\,[M_{\odot}]} $]
	(4, 13)
	Uniform



	Z [Z⊙]
	(0.001, 2.5)
	Logarithmic



	Δlog(SFR)i
	(−10, 10)
	Student’s-t



	log U
	(−4, 0)
	Uniform



	AV [mag]
	(0, 8)
	Uniform



	c1
	(0, 75)
	Uniform



	c2
	(2, 20)
	Uniform



	c3
	(−2, 75)
	Uniform



	c4
	(−0.005, 0.1)
	Uniform





      

      
Notes. The listed parameters include the redshift (z), velocity dispersion (σv), the total stellar mass formed at the time of observation ([image: Mathematical equation: $ \log{M_{*}^{\mathrm{form}}} $]), metallicity (Z), the logarithmic SFR ratio between adjacent time bins (Δlog(SFR)i, where i  =  1, …, 6 labels the time bins) ionization parameter (log U), the V-band attenuation (AV), and the dust attenuation model parameters (c1 − c4). zsp = 6.5676 is the spectroscopic redshift of the source from DAWN (Brammer 2022, 2023b).



    

  
    
      Table 3. 

      Constrained global properties of HCM 6A.

      
        


	SED fitting



	log M* [M⊙]
	8.3 − 8.4



	SFR [M⊙ yr−1]
	2.4 − 2.7



	sSFR [Gyr−1]
	[image: Mathematical equation: $ 10.7_{-1.4}^{+0.5} $]



	[image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}}/\mathrm{Myr} $]
	[image: Mathematical equation: $ 35_{-23}^{+61} $]



	log U
	−1.6 ± 0.2



	Z [Z⊙]
	[image: Mathematical equation: $ 0.25_{-0.05}^{+0.05} $]



	AV [mag]
	[image: Mathematical equation: $ 0.19_{-0.06}^{+0.03} $]



	S
	2.32 ± 0.03



	B
	0.05 ± 0.08



	




	UV flux measurements



	




	MUV [mag]
	−19.8 ± 0.1



	Lν [1028 erg s−1 Hz−1]
	3.6 ± 0.2





      

      
Notes. log M*, SFR, MUV, and Lν are corrected for the lensing magnification.
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        Slit-level, spatially resolved physical properties of the target system: stellar mass (log M*; panel a), SFR (panel b), mass-weighted stellar age ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} $]; panel c), ionization parameter (log U; panel d), V-band attenuation (AV; panel e), slope (S; panel f) and UV bump (B; g) of the dust attenuation curve, attenuation derived from the Balmer decrement (AVB; panel h), and UV continuum slope (β; panel i). Both log M* and SFR are corrected for the lensing magnification. The NIRCam 20mas F115W map of the system is shown as the background image.

      

    

  
    
      Fig. 4. 

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

      
        Pixel-level, spatially resolved physical properties of the target system: stellar mass (log M*; panel a), SFR (panel b), mass-weighted stellar age ([image: Mathematical equation: $ {\langle a \rangle}_{*}^{\mathrm{m}} $]; panel c), ionization parameter (log U; panel d), V-band attenuation (AV; panel e), slope (S; panel f) and UV bump (B; panel g) of the dust attenuation curve, sSFR (panel h), and Lyα flux (fLyα; panel i). The quantities log M*, SFR, and fLyα are corrected for lensing magnification. The three adjacent NIRSpec slits are overlaid as cyan rectangles. The NIRCam RGB map is shown as white contours at the 5σ and 10σ levels, while the Lyα emission is traced by magenta contours at 1−2σ.

      

    

  
    
      Fig. 5. 

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

      
        Dust attenuation curves of the three slit regions (S1–S3) at z = 6.5676 derived from the slit-level spectro-photometric fits. S1, S2, and S3 are shown as solid blue, dashed orange, and solid green lines, respectively. Standard Milky Way (MW), Calzetti, and Small Magellanic Cloud (SMC) attenuation curves are overplotted for comparison (dashed, dotted, and solid gray lines, respectively). Inset: Corresponding SFHs of the three slit regions.

      

    

  
    
      Fig. A.1. 

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

      
        Photometry-rescaled NIRSpec PRISM slit spectra extracted from three adjacent slit regions (S1, S2, and S3; shown in blue, orange, and green, respectively). Main panel: Spectra as a function of observed wavelength, with the corresponding rest-frame wavelength shown on the upper axis. Insets: Zoomed-in views around the Lyα, [O III] doublet, and Hα emission-line regions (left, center, and right, respectively). Dashed vertical lines mark the expected wavelengths of the emission lines. Insets have the same spectral flux density (fλ) and observed wavelength (λobs) units as the main panel.

      

    

  
    
      Table B.1. 

      Lyα fluxes FLyα [×10−17 erg cm−2 s−1] or their 3σ upper limits.

      
        


	Region (a)
	NIRISS Lyα map (b)
	NIRISS 2D spectrum (c)
	v4 NIRSpec 1D (d)
	v3 NIRSpec 1D (e)





	Total
	7.0 ± 0.3
	7.5 ± 0.2
	...
	...



	S1
	1.1 ± 0.1
	...
	< 0.6
	< 0.9



	S2
	1.4 ± 0.1
	...
	< 0.8
	< 0.8



	S3
	1.3 ± 0.1
	...
	< 0.45
	0.60 ± 0.15





      

      
Notes. The fluxes were measured for the integrated system and for the three NIRSpec slit regions (S1–S3) from the NIRISS Lyα map (b), the integrated NIRISS spectrum (c), and the v4 and v3 NIRSpec slit spectra (d and e, respectively). All Lyα fluxes are not corrected for gravitational lensing magnification.
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