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Abstract

The Orion Nebula Cluster (ONC) provides the closest example of ongoing star and planet formation in highly irradiated environments. In particular, it is a key region for studying how ultraviolet (UV) radiation from massive stars can drive mass loss in protoplanetary disks through photo-evaporation. Far-UV (FUV, energy 6<E<13.6 eV) photons heat up the gas of the disk, forming a wind of neutral gas that is a photodissociation region (PDR). We used high-angular-resolution NIRCam images from the PDRs4All program and combined them with those of the guaranteed time observation (GTO) program 1256. From these images, we extracted key information on ONC disks, such as the radii of the disks observed in silhouette against the bright background, the presence and positions of the dissociation fronts (DFs), the presence and positions of ionization fronts (IFs), intensities of Paschen α lines, and their near-infrared spectral energy distributions (SEDs). From this information we constructed a typology for ONC disks: Type I sources show an IF and DF nearly merged at the disk surface; Type II sources have their DFs at the disk surface and IFs at a distance of several tens of astronomical units from the disk; and Type III sources also have their DF at the disk surface, but show no IF. For all types of disks, we find that PAH emission traces the PDR. We established that the SEDs of candidate Jupiter-mass binary objects (JuMBOs) observed as part of the PDRs4All program are similar to the SEDs of Type III ONC disks, except for one of them, JuMBO24, which is of Type I or II. A detailed look at this SED shows that it is compatible with a young low-mass binary star with an unresolved ionized disk: a microproplyd binary. We observe that the disk radius of ONC disks, rdisk, increases with increasing projected distance to the ionizing source, dproj, following a power law, r disk ∝ dproj0.30, which is interpreted as evidence of the truncation of the disks by the photoevaporation (as reported in previous studies). The disk radii measured at infrared wavelengths appear larger than the disk radii measured at millimeter wavelengths, which is interpreted as evidence of the dust radial segregation within the disks. In agreement with theoretical models and observations of PDRs in the interstellar medium, the thermal pressure within the PDRs of ONC disk increases with the intensity of the FUV radiation field, G0, but with a flatter slope.
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1 Introduction
Most of the stars and planetary systems form in clusters alongside massive stars (Lada & Lada 2003). This includes the Solar System (Adams 2010). Thus, to properly study the early evolution of stars and planetary systems one should focus on typical star-forming regions that are irradiated by ultraviolet (UV) photons emitted by massive stars. One of the closest representatives of such a region is the Orion Nebula, located at a distance of 390 pc (Maíz Apellániz et al. 2022). It is illuminated by a compact group of massive stars, the Trapezium, whose main UV source is θ1 Ori C (Simón-Díaz et al. 2006). The first images of this region with the Hubble Space Telescope (HST) enabled the discovery of a wide variety of objects such as brown dwarfs, young stellar objects (YSOs), protoplanetary disks, and Herbig-Haro objects (O’Dell et al. 1993; O’Dell & Wen 1994; McCaughrean & O’Dell 1996; Luhman et al. 2000; Bally et al. 2000). One of the most striking discoveries was the existence of proplyds (O’Dell et al. 1993), which are young stars surrounded by a protoplanetary disk embedded in a cocoon of neutral gas, surrounded by a bright teardrop-shaped ionization front (IF) pointed toward the UV source. This discovery stimulated theoretical work that proposed that the morphology of proplyds is due to the external photoevaporation process, triggered by the UV radiation from the massive stars in the Orion Nebular Cluster (ONC; Johnstone et al. 1998; Störzer & Hollenbach 1999; Adams et al. 2004). The far-UV (FUV) photons (photons with energies of 6<E<13.6 eV) reach the disk surface and heat and dissociate molecules, producing a photodissociation region (PDR). The thermal temperature of the gas in the PDR exceeds the escape velocity, causing the gas to be removed from the disk in the form of a thermal wind that is then ionized by the extreme-UV (EUV) photons (photons with E>13.6 eV). This process removes material from the disks, impacting their total mass and the potential of them to form planets. Observations of the ONC at submillimeter wavelengths indeed show that the disks exposed to harsh UV fields are dust-mass depleted. Less massive disks are found closer to the Trapezium (Mann & Williams 2010; Mann et al. 2014), and the disks are more compact than those in low-mass star-forming regions, such as Lupus and Taurus (Eisner et al. 2018).
The James Webb Space Telescope (JWST, Gardner et al. 2023) is now offering unprecedented views of star-forming regions and proplyds at infrared (IR) wavelengths. In particular, spectroscopic observations of two ONC disks (203–504 and 203–506) demonstrated the crucial role of FUV photons in disk chemistry (Berné et al. 2023; Schroetter et al. 2025b; Zannese et al. 2025). These observations also enabled the characterization of the gas in the disk 203–506 and provided an estimate of the mass-loss rate (Berné et al. 2024). However, to date, no study has yet taken advantage of the images captured with NIRCam, which provides high-spatial-resolution (≈ 0.03′′/pix) near-IR images (Rieke et al. 2023). At this time, two programs have targeted the ONC with NIRCam: the PDRs4All Early Release Science (ERS) program 1288 (Berné et al. 2022), which provides 14 NIRCam images with narrow- and broadband filters (Habart et al. 2024) of the Orion Bar and the north of the Dark Bay, and guaranteed time observation (GTO) program 1256 (McCaughrean & Pearson 2023), which targeted the inner part of the ONC with 12 narrow and broadband filters. A detailed analysis of the PDRs4All NIRCam images can be found in Habart et al. (2024), with a focus on the interstellar medium (ISM) and the structure of the nebula itself. The analysis of the disks and YSOs relied only on the F187N filter. A description of the GTO 1256 NIRCam images is provided in McCaughrean & Pearson (2023). Those authors briefly describe the observational results obtained for the Nebula, brown dwarfs, and some protoplanetary disks. In these studies, no statistical analysis of the disks or the effect of photoevaporation was performed.
Analyzing the images from GTO 1256, Pearson & McCaughrean (2023) reported the presence of 540 faint sources, which they interpreted as free-floating planetary mass objects. This sample contains 40 binary and two triple systems, referred to as JuMBOs (Jupiter-mass binary objects). The existence of such a number of pairs has motivated theoretical work aimed at understanding their formation mechanisms (Wang et al. 2024; Diamond & Parker 2024). However, the nature of these sources remains controversial. Luhman (2024) performed a counter-analysis of the NIRCam images that challenges the planetary nature of JuMBOs and suggests that some of them are in fact background stars. JWST-NIRSpec spectroscopic observations support this idea for seven out of 40 JuMBOs (Luhman 2025). Further NIRSpec observations will provide a better assessment of the nature of these sources (McCaughrean et al., in prep). Analyzing archival observations with the Karl G. Jansky Very Large Array (VLA) of the ONC, Rodríguez et al. (2024) found a radio counterpart for one of the JuMBO, JuMBO241. They interpreted this emission as being due to the possible presence of a radiation belt or aurora. The nature of this radio emission is still unclear, however. Currently, the evidence of JuMBOs remains limited to the GTO 1256 images.
In this paper, we make use of the PDRs4All data and its suite of NIRCam filters to analyze, in complement to the GTO 1256 data, the properties of disks in ONC and JuMBOs. Our objectives are to assess the photometric properties of irradiated protoplanetary disks within the ONC, relate the properties to the physical parameters of those disks and the effect of photoevaporation, and use these insights to assess the characteristics of JuMBOs.
In Section 2, we describe the data and the sample of disks and JuMBOs. In Section 3, we describe the NIRCam images of the disks and JuMBOs, and build images of the disks in specific emission lines; namely, [Fe ii], Paschen α, H2 1–0 S(1), and PAHs (3.3 μm). In Section 4, we derive a typology based on the emission maps and relate it to the spectral properties of the disks and JuMBOs. In Section 5, we investigate the NIR properties of the disks, such as the disk and IF radius and the Paschen α intensity, and compare our results with previous studies. Lastly, in Section 6, we relate the properties of the ONC disks to the FUV field, and to the properties of PDRs.
2 Observations, data, and catalog
2.1 JWST NIRCam data
We used the JWST NIRCam images of the ONC from the PDRs4All ERS program (Berné et al. 2022, PID 1288) and GTO program 1256 (McCaughrean & Pearson 2023). The fields of view for these two programs are presented in Fig. 1 and the selected NIRCam filters in Table 1. The images used for this paper were reduced using the procedure described in Habart et al. (2024) and Luhman (2024) for the PDRs4All and GTO 1256, respectively. The PDRs4All data are available through the specific PDRs4All MAST archive2 and through the REGARDS database3. The GTO 1256 are available here4. The PDRs4All dataset contains two ≈ 2.5′ × 2.5′ fields of view (FOVs; Fig. 1), with 14 filters (Table 1) covering the north of the Dark Bay, to the northeast of the Trapezium Cluster (module A) and the Orion Bar, to the southeast of the Trapezium Cluster (module B). This dataset also contains parallel observations in eight filters (Table 1) covering the M43 (NGC 1982) region, situated to the northeast of the Orion Bar. The GTO 1256 program provides a 11′ × 7.5′ mosaic (Fig. 1) in 12 filters (Table 1) centered on the Trapezium cluster. The pixel size of the NIRCam images is 0.031′′/pix in the short wavelength channel (0.7–2.3 μm), and 0.064′′/pix in the long wavelength channel (2.3–4.8 μm).
Table 1 
NIRCam filters used for the GTO 1256 and ERS-PDRs4All observation programs of the ONC.

	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 Composite color Hubble Space Telescope view of the Orion Nebula as provided by Robberto et al. (2013). The FOV of the NIRCam images from GTO program 1256 is shown as the dotted cyan box. Both FOVs from the PDRs4All NIRCam images are shown as the continuous boxes, and the parallel FOVs are shown with dashed boxes for each of the filters listed in Table 1.



2.2 Disk and JuMBO catalog
To construct our sample of ONC disks, we refer to the catalog of Ricci et al. (2008). It contains 219 sources detected with the Hubble Space Telescope (HST) that show evidence of circumstellar matter. The Ricci et al. (2008) catalog relies on images obtained with the Wide Field Channel of the Advanced Camera for Surveys of the ONC as part of the Treasury Program on the Orion Nebula (Robberto et al. 2013). In the JWST NIRCam data (combining all filters from both GTO and ERS programs), we identify emission from 188 sources of the Ricci et al. (2008) sample. These sources are listed in Table A.1, named as in Ricci et al. (2008). We also include additional sources not reported by Ricci et al. This includes the three new proplyd candidates reported by Habart et al. (2024) in the PDRs4All images (171–212, 180–218, and 234–104, see Fig. E.1). In addition, we identified in the NIRCam images a source (HC182 in the catalog of Hillenbrand & Carpenter 2000) that exhibits a disk seen in silhouette against the background and a bright cocoon in the F187N filter (Fig. E.1). This source is included in our catalog. Overall, our sample of protoplanetary disks contains 192 sources, whose coordinates are given in Table A.1.
A catalog and analysis of JuMBOs using the GTO 1256 NIRCam images has been presented in Pearson & McCaughrean (2023). The spectral energy distribution (SED) of the JuMBOs in the GTO 1256 images are provided in the latter work. To complement this analysis, we rely on the PDRs4All NIRCam images. Due to their smaller FOV (see Fig. 1), the PDRs4All images only cover 11 JuMBOs, whose names and coordinates are given Table A.2. We note that JuMBO25, pertaining to this list, is one of the two triple system reported by Pearson & McCaughrean (2023).
3 Images of ONC disks and JuMBOs
3.1 ONC protoplanetary disks
Fig. 2 shows the NIRCam images of six protoplanetary disks, chosen to illustrate the diversity of sources present in the ONC. An important difference between the JWST observation of these disks vs. those with HST is that the central stars are bright and sometimes dominate and/or saturate the image, especially at the longest wavelengths. This is a natural result of the lower extinction and brighter flux of these young low-mass objects in the IR with respect to the visible.
In Fig. 2 we present images in four filters – F164N, F187N, F212N, and F335M – to illustrate the general morphology of ONC disks as seen with the JWST. In the F164N filter, corresponding to the [Fe ii] emission line, emission mostly arises from the central source and, in some cases, also from a jet. This is clearly the case for 203–506 (see Berné et al. 2024), but also for 182–413, although much less clearly. In the F187N filter, the disks surrounding the young stars are seen in silhouette against the bright background (e.g., 177–341W, 182–413, 183–405, and 203–506). The F187N filter, corresponding to the Pa α line, provides a striking view of the bright cocoons and IFs surrounding some of the disks in ONC, similar to the HST images in the H α line (e.g., Bally et al. 2000; Ricci et al. 2008). In Fig. 3, this is mostly evident for 177–341W, 182–413, and 244–440, where the teardrop-shaped cocoon is particularly bright relative to the background. In the F212N filter, corresponding to the 1−0 (S1) H2 line, only the star is seen in general. However, in some cases, the disk surface is seen in emission (203–506 and 182–413). The emission in the F335M filter, encompassing both PAH and CO2 lines, appears to arise from the disk surface and from the PDR. For 182–413, this was previously observed with the Very Large Telescope/VISIR instrument in a PAH filter (Vicente et al. 2013) and with Keck/NIRC2 at 3.3 μm (Shuping et al. 2014).
The [Fe ii] line at 1.64 μm traces hot ionized gas. In environments similar to those found in the ONC disks, this is a good tracer of shocks. The Paschen α recombination line at 1.87 μm traces the recombination of hydrogen at the IF. The 2.12 μm line of molecular hydrogen (H2 1–0 S(1)) traces the dissociation front (DF), which is the interface between atomic and molecular gas in far-UV irradiated environments (Berné et al. 2024; Schroetter et al. 2025b; Goicoechea et al. 2025). Finally, the emission of polycyclic aromatic hydrocarbon (PAH) at 3.3 μm traces the C-H in-plane stretch emission (e.g., Peeters et al. 2024; Schroetter et al. 2025b).
In order to extract maps tracing different physical conditions from the NIRCam images, we relied on the empirical prescriptions of Chown et al. (2025). These authors provide recipes to compute the intensity in specific lines (Iline) and bands from a combination of NIRCam filters with equations of the form:
[image: Mathematical equation: $I_{\text {line }}=\left(F_{\lambda}^{\text {filtA }}-\alpha F_{\lambda}^{\text {filtB }}\right) \times B W_{\text {filtA }}+\beta,$](1)
where BWfilter and [image: Mathematical equation: $F_{\lambda}^{\text {filter }}$] are the bandwidth (cf. Table 1) and the flux density in the corresponding filter, respectively, and α and β the coefficients retrieved by Chown et al. (2025). Here “filtA” corresponds to the filter capturing the emission of interest and “filtB” is the filter used to subtract continuum emission. The filters combination and the coefficients are given in Table 2.
Excluding those that are saturated in more than two filters, we are left with a sample of 22 sources. Their [Fe ii], Paschen α, H2 1−0 S(1), and PAH maps are presented in Appendix B. Fig. 3 shows the map for a subsample chosen to illustrate the main observational results.
Table 2 
Filter combinations and coefficients for Equation (1) for selected lines from Chown et al. (2025). α is unitless and β is in watts per square meter per steradian.

3.2 JuMBOs as seen in the PDRs4All data
Fig. C.1 shows the NIRCam images of six JuMBOs in the F140M, F187N, F210M, and F277W filters from the PDRs4All dataset. We present mainly broadband filters in this figure, since they facilitate the detection of the faintest sources (such as JuMBOs), but we also include the F187N as a comparison narrow-band filter. In Fig. C.1, we see that the brightest source from each JuMBO is detected in most filters. In the F187N filter, however, the sources are hardly visible (see JuMBO25 and JuMBO30) and are dominated by bright nebular emission. The companions are mostly visible in the F210M and F277W filters. This is also the case for JuMBO25, which is a projected triple system. The images of JuMBO24 highlight how the increased angular resolution at shorter wavelengths allows one to resolve the two sources, separated by ≳ 20 au.
	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 NIRCam images of the disks seen in silhouette in the narrowband filters from the PDRs4All program dataset. The color scale is in log (W m−2 μm−1 sr−1).



3.3 Herbig Haro object
168-235 was reported to be an irradiated disk by Ricci et al. (2008). However, this source was previously reported as a Herbig-Haro (HH513) resulting from a jet associated with 165–235 (Bally et al. 2000). Fig. 4 shows the HST F658N image taken October 2004, the F187N JWST NIRCam images taken September 2022, and the contours from both images combined. Over nearly 18 years, the source has moved ≈ 0.5′′ in the images, implying a velocity in the plane of the sky of ≈ 25 mas yr−1. At a distance of 390 pc, this gives a projected velocity of ≈ 50 km s−1. This high velocity together with the symmetry of a similar source at the opposite side of 165-235 confirms that 168-235 is a Herbig-Haro object rather than a protoplanetary disk. A bright bow shock-like structure associated with the central binary source is visible in the F187N/Pa α filter, but not visible in F212N/H2, suggesting that this structure is an IF.
	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 [Fe ii], Paschen α, H2 1−0 S(1) and PAH emission maps of a sub-sample of ONC protoplanetary disks, obtained following Equation (1). The images are north-aligned and in units of watt per square meter per steradian.



4 Typology of ONC disks
4.1 Observational categories of ONC disks
Inspecting Fig. 3 (and figures in Appendix B), we observe that the [Fe ii] emission traces the jet solely (203−506, 177−341 W, and 182−413) as the central star is never detected in the [Fe ii] map. In the Pa α map, the IF is particularly bright. We likely observe IF emission in 13 sources. The Pa α maps also provide better contrast between the silhouette disks and the background (or the IF when present). For five sources (177−341 W, 180–331, 181–247, 182–413, and 183–419), the IF is distinct from the central star and disk surface. In these cases, we see that the central star does not significantly contribute to the Pa α emission when compared to the IF (see case for 181-247). For 175-355, 209-151, and 255-512 we do not see any silhouette disk, but the extended emission from the IF can be (roughly) distinguished from the central star. For the five remaining sources with extended emission, the tip of the IF is fully merged with the central star. We also observe bright arcs in two sources (180-218 and 234-104). However, it is not clear whether this arc is associated with the source, so we remain cautious regarding its nature. When no IF is observed, the central star remains bright in Pa α (e.g., 201-534, 239-334).
In the H2 map, all central stars are bright. For 203-506 and 182-413 the emission also delineates the disk, indicating that the DF is located close to the disk’s surface, as suggested by models of proplyds (Champion et al. 2017). For 191-232, 218-529 and 239-334 the H2 emission appears slightly extended. Finally, the PAH emission maps generally trace the photoevaporative wind (see e.g., 177–341W, 180–331, 181–247, 183–419, but also 191–232), as was also seen in earlier studies (Vicente et al. 2013; Shuping et al. 2014). For 182–413, 203–506, and 218–529, PAH emission traces the disk’s surface, similarly to the H2 emission. The combined presence of PAHs and H2 emission in the near IR is typical of PDRs as seen with JWST (Peeters et al. 2024).
Based on these observational results, we classify the disk from our sample of 22 sources into three categories illustrated in Fig. 5. Type I (left panel) corresponds to sources where the IF (Pa α emitting layer) and DF (H2 emitting layer) are separated by ≲25 au (the NIRCam’s separation limit around 2 μm), so that they cannot be disentangled in NIRCam images. Type II (middle panel) corresponds to the sources with an IF placed further away from the disk’s surface, so that the DF and the IF are physically separated by several tens of au (≳ 25 au). Here, the FUV radiation dominates at the disk surface and the lower density wind is irradiated by EUV photons further out, which produces an IF that is detached from the disk. Type III (right panel) corresponds to the sources that do not show signs of an IF, but that still present a DF seen in H2. This corresponds to the case where the disk is FUV irradiated only. We identify the category for each of the 22 sources in Table 3. Two sources, 180–218 and 234–104, are marked as “ambiguous,” as we do see an extended Pa α emission similar to an IF, but we cannot assert if this emission is associated with the source.
Fig. 6 shows the projected spatial distribution of the sources in the ONC color-coded according the three groups. Some trends can be identified, in particular, beyond 0.2 pc from θ1 Ori C 70% of the sources are type III. Interestingly, these sources appear to be concentrated around θ2 Ori A, which is the second dominant source of UV photons. Instead, 90% of the sources within a 0.2 pc distance are of type I or II. This suggests that these three categories may be related to the intensity of EUV and FUV photons. In their models, Johnstone et al. (1998) describe two cases of photoevaporative flows. The “FUV-dominated flows”, which occur for disks situated at a distance d>0.03 pc from θ1 Ori C. In this region, the IF is spatially separated from the disk at several 10s of au. The “EUV-dominated flows”, which occur for sources within 0.03 pc from θ1 Ori C. In this regime the IF is merged with the disk surface. It is tempting to associate our Type II sources presenting an IF separated from the disk’s surface to the “FUV-dominated flows,” and the Type I sources to the “EUV-dominated flows,” as labeled in Fig. 5. However, the dependence of our type I – EUV-dominated flows and type II – FUV-dominated flows on the distance from θ1 Ori C is not clear and, in particular, we do not find any evidence of a clear separation between the two categories at a distance of 0.03 pc from θ1 Ori C, as suggested by Johnstone et al. (1998). Some type I – EUV-dominated flows are indeed seen at distances larger than 0.1 pc from θ1 Ori C. One has to remember that projected distances are just lower limits for the actual physical distances considered by Johnstone et al. (1998). Moreover, Störzer & Hollenbach (1999); Haworth et al. (2023) found that FUV should generally dominate in terms of setting the mass loss rate. In this case, close IF-DF spatial separation of type I sources could be due to smaller mass-loss rates, possibly due to smaller disks. It is also possible for a disk to be seen in different stages if evolutionary effects (e.g., flyby to the inner regions of the nebula, dust depletion, etc.) play a role. Increasing the disk sample by adding the majority of disks that were excluded because of saturation would increase statistics and possibly shed light on this issue.
The categories we defined can also be discussed in the context of the term “Proplyd” (O’Dell et al. 1993), which is widely used. We follow the recent definition given in Winter & Haworth (2022), which defines a Proplyd as “a circumstellar disk with an externally driven photoevaporative wind composed of a photodissociation region and an exterior ionization front with a cometary morphology.” With this definition, type I and II disks fall in the category of Proplyds, and include some famous objects such as HST10 and 244–440. Instead, dark silhouette disks such as 114–426 (McCaughrean & O’Dell 1996; Miotello et al. 2012; Ballering et al. 2025), the largest protoplanetary disk in the Orion Nebula, or such as 203–506, widely studied with JWST recently (Berné et al. 2023, 2024; Schroetter et al. 2025b; Goicoechea et al. 2024; Zannese et al. 2025) are of type III and do not correspond to the most recent definition of Proplyd. However, it is important to note that these sources are known to still experience significant mass loss from FUV-driven photoevaporation (Miotello et al. 2012; Berné et al. 2024).
	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 (A): HST-image of 165–235 in the H α F658N filter at 0.658 μm. (B) JWST-image in the Pa α F187N filter at 1.87 μm. (C): in red, contours of 165-235 from the HST image. In blue, contours from the JWST image.



Table 3 
List of categorized ONC disks and their associated type (see text and Fig. 5).

	[image: Thumbnail: Fig. 5 Refer to the following caption and surrounding text.]	Fig. 5 Schematic overview of the observational categories for ONC disks. Type I, the IF (Pa α emitting layer, in blue) is close to the disk’s surface and almost merged with the DF (H2 emitting layer, in yellow). Type II, the IF is placed further away from the disk’s surface and DF. In these two first categories, the disk is in the H ii region and embedded in a photoevaporative wind (PAH emitting area) surrounded by a bright IF. Type III, the disk does not have any associated IF, but still has a DF. This corresponds to the case where the disk is FUV irradiated only, beyond the Strömgren’s sphere produced by the Trapezium.



	[image: Thumbnail: Fig. 6 Refer to the following caption and surrounding text.]	Fig. 6 Spatial distribution of the 22 protoplanetary disks categorized in Section 4.1. The red dots are sources of type I. The green squares correspond to type II sources. The blue crosses are the type III sources. The dark triangles are ambiguous. The position of θ1 Ori C and θ1 Ori A are marked with the purple stars. 244–440 and 203–504, which are illuminated by θ1 Ori A, are not in this subsample.



4.2 Spectral properties of ONC disks
4.2.1 Spectral energy distributions
For the photometric analysis, we rely exclusively on the PDRs4All NIRCam images. This reduces the main sample described in Section 2.2 to 85 protoplanetary disks (and 11 JuMBOs). To extract the photometry, we used the AperturePhotometry function from the Photutils python library5. We used an aperture radius, rarsec, of 0.15′′ centered on the source’s coordinates. Images where this aperture encompasses more than two saturated pixels were excluded from the analysis. Otherwise (at most two saturated pixels), the values of saturated pixels were replaced by the maximum intensity observed in non-saturated pixels within the aperture. We estimated the background nebular emission in an annulus with 0.16′′ inner radius and 0.2′′ width. Five sources have extended emission from the IF that extends beyond the 0.15′′ aperture: 177−341W, 180−331, 181−247, 183−419, and 182−413. For the first three, we considered an aperture radius of 0.3′′. The background nebular emission was estimated in an annulus of 0.31′′ inner radius and 0.2′′ width. Lastly, for 182−413 we used an elliptical aperture of 1.2′′ and 0.6′′ for the semimajor and semiminor axis, respectively. The background nebular emission was estimated in an annulus of 1.21′′ inner radius and 0.2′′ width. The source flux densities were given by the on-source flux density minus the background nebular emission estimated within the annulus. The photometric error on the source flux densities was given by three times the standard deviation of per-pixel flux density in the background annulus. The sources flux densities were then corrected for encircled energy6. We note that for the sources hosting a disk seen in silhouette, the flux densities obtained by this method in the Pa and Br filters are not reliable, as the nebular emission is brighter than the silhouette disk leading to an over-subtraction of the on-source flux. In this case, no fluxes are extracted.
From the determined photometry, we derived the SED of the disks and JuMBOs detected in the PDRs4All NIRCam images. Among this sample, we discarded the SEDs for which there was saturation or non-detection in several filters. Finally, we obtained 23 SEDs for the protoplanetary disks and five for JuMBOs, which are presented in Fig. D.1.
The major common characteristic of these SEDs is the decreasing slope with wavelength, as expected for Class II T Tauri stars. Approximately 60% of the sources have SEDs with excess emission at 1.87 μm and 4.05 μm, i.e., the Pa and Br α lines. In Fig. D.1, we detect water ice absorption feature at 3.0 μm (F300M filter) for 171–212, 180–218, 182–413, 183–419, and 203–506, and with less confidence in 181–247 and 191–232. PAHs emission at 3.3 μm (F335M filter) is detected for 182–413, 183–419, 203–506 and likely in 191–232. We likely detect H2 emission for five sources (180–218, 182–413, 183–419, 213–533, and 234–104), at least one of the following wavelengths: 2.12 μm, 3.23 μm, and 4.70 μm (filters F212N, F323N, and F470N). Lastly, we do not detect the forbidden iron lines [Fe ii] at 1.64 μm in our sample, as anticipated in Section 3.
4.2.2 SEDs and ONC disk typologies
We relate the SEDs presented Fig. D.1 to the typology from Section 4.1. Sources of type I and II systematically exhibit strong excess emission at 1.87 μm and 4.05 μm, in the Pa and Br α lines, respectively. These originate from the bright IF visible in the line emission maps (Figs. 3, B.2). The one exception is 191–232, where the flux at 1.87 μm and 4.05 μm were discarded.
Sources classified as type III have SEDs with much weaker or no excess at 1.87 and 4.05 μm. Instead, they have a blackbody-like shape with no strong features (see 201–534, 213–533, 218–529, and 239–334; Fig. D.1). However, 232–453, which is of type III, still has a SED with excess of emission in the Pa and Br α lines similarly to type I and II sources. Since no IF is observed for 232–453, this must originate from the spatially unresolved circumstellar medium, for example from accretion processes, which are known to produce strong hydrogen lines (e.g. Rogers et al. 2024), or from an unresolved IF.
The SED of 203–506 has a peculiar shape due to its morphology and to the flux extraction method. The edge-on disk obstructs most of the light emitted by the central star. However, the excess emission observed in the SED ([Fe ii] line at 1.64 μm and the H2 line at 2.12 μm) are consistent with the spatial features observed in the emission maps of the figures presented in Appendix B.
234-104, categorized as “ambiguous” Section 4.1, has a blackbody-shaped SED similar to type III sources. The other ambiguous source, 180–218, has a SED that presents strong H2 emission, possible water ice absorption at 3 μm and possible PAHs emission at 3.3 μm. Ignoring the 3.3 μm flux, it is similar to that of 203–506.
We emphasize that the shape of the derived SEDs strongly depends on the size of the aperture used to extract the flux. Notably, the observed Pa and Br α excesses strongly depend on the quantity of IF contribution is evaluated. Thus, the link between the typology derived from the images and that derived from the SEDs must then be carefully established.
In Fig. 7, we compare the SED of three sources categorized as type I or II (corresponding to proplyds, cf. Section 4.1) with the NIRSpec spectrum obtained as part of the PDRs4All program of 203–504, a well-studied proplyd (Schroetter et al. 2025a). This figure demonstrates that the spectral signatures visible in these SEDs are consistent with the emission lines in the proplyd 203–504, notably the strong Hydrogen recombination lines Pa and Br α at 1.87 and 4.05 μm, respectively. In some cases, we also see the PAH features at 3.3 μm originating from the disk and/or from the photoevaporative wind.
	[image: Thumbnail: Fig. 7 Refer to the following caption and surrounding text.]	Fig. 7 JWST-NIRcam SEDs from the PDRs4All program of three Orion Proplyds (182-413, 183–419, and 255–512) and of JuMBO24, and their corresponding 4′′ × 4′′ image in the F187N Pa α filter. The order, from top to bottom, of the SEDs and images are the same. In addition, the border of the images are in the colors of the corresponding SEDs. For clarity, the errors bars on the SEDs are not shown. The NIRSpec spectrum of 203–504, multiplied by a factor α=5 × 10−4 to avoid overlaps with the SEDs, is shown in gray.



4.3 SEDs of JuMBOs and and their comparison to ONC disk SEDs
Currently, the nature of JuMBOs is not well constrained. For instance, Luhman (2024) showed with spectroscopic data that some JuMBOs are in fact background reddened stars. Spectroscopic data will allow for a better assessment of the true nature of the JuMBO sample (McCaughrean et al., in prep.).
To contribute to this assessment, we compare the PDRs4All SEDs of JuMBOs to those of ONC disks. The SEDs of JuMBOs are presented in Fig. D.1. Among the sample of 11 JuMBOs, the primary source is detected in all filters for only five systems. For JuMBO26, 27, 28 and 29 only the primary sources are bright enough to build the SED (see Fig. C.1). For JuMBO24, both objects are bright, but are merged in the images at wavelengths above 2.3 μm. Thus, the SED shown in Fig. D.1 merges that of the two objects. In Appendix F.1 we derive the SED for JuMBO24a and JuMBO24b in the short wavelength filters of NIRCam and show that they are similar.
The SED of JuMBO26, 27, 28 and 29 have a blackbody shape and peak around 1.8−2 μm. They do not present any features, similarly to the SEDs of type III sources. Conversely, JuMBO24’s SED shows strong excess emission at 1.87 and 4.05 μm, following the SED shape of type I and II sources. In Fig. 7, we compare JuMBO24’s SED with that of three type I-II sources as well as with the NIRSpec spectrum of the proplyd 203–504. The similarities between the SEDs suggest that JuMBO24 may be of the same nature as type I–II sources, but smaller in size. Note that JuMBO24’s SED is also similar to that of 232–453, neither source presenting extended Pa α emission. As we discussed, the Pa α emission in 232–453 is expected to originate from an unresolved IF or from ongoing accretion in the presence of a circumstellar disk.
To assess the viability of this hypothesis, we fit the SED of JuMBO24 with a basic model that includes a spectrum of a young star with an irradiated protoplanetary disk. In this analysis, we considered JuMBO24 as a single sources (rather than a close binary), simply dividing its measured SED by two (cf. Appendix F.1). To model the emission of the young star’s photosphere, we used the spectra of the Phoenix model (Hauschildt & Baron 1999; Husser et al. 2013), whose parameters are the effective temperature of the central body, Teff, the surface gravity, log g, and the metallicity. We assumed a solar metallicity and log g=3.0. The thermal emission of the disk was modeled with a blackbody at the temperature Tdisk. Although a simple blackbody is not physically accurate, it has the advantage of limiting the number of free parameters. Furthermore, more sophisticated disk models consider an isolated disk heated by the central star, which may not be appropriate. Indeed, the disks in ONC are externally heated by the massive stars from the Trapezium, which produces out of equilibrium emission in the NIR and MIR range (PAHs, very small grains, etc). The hydrogen recombination lines are considered as two Gaussians, centered on the Pa and Br α wavelengths at 1.87 μm and 4.05 μm, respectively, with a width σ=0.01 μm. Lastly, the effect of dust extinction on the line of sight, parameterized by the visual extinction AV, is considered using the extinction curve of the model of Weingartner & Draine (2001) with RV=5.5 (e.g., Cardelli et al. 1989; Fang et al. 2021).
The best fit model that minimizes the reduced χ2 to the data yields Teff=2900 K, Tdisk=600 K and AV=1.5, and is shown in Fig. 8. This confirms that the SED of JuMBO24 is compatible with that of a binary system of low-mass stars with au-scale circumstellar irradiated disks. In the F187N filter, the binary system is resolved and no extended emission encompassing both sources is seen, which is why we exclude the possibility of a single large IF with a circumbinary disk.
Rodríguez et al. (2024) reported radio emission from JuMBO24 in archival Karl G. Jansky Very Large Array observations. In Appendix G, we assume that this originates from the free-free emission of electrons at an IF and derive the associated emission measure, EMradio=(9.0 ± 2.0) 105 cm−6 pc. We also convert the Pa α emission into EMPaα , still assuming emission from an IF, and find EMPaα=5.8 × 106 cm−6 pc. Both EMs have the same order of magnitude, suggesting that the observed radio emission can be explained by the presence of an IF.
	[image: Thumbnail: Fig. 8 Refer to the following caption and surrounding text.]	Fig. 8 Best fit model of JuMBO 24 SED (in blue) obtained from the Phoenix model combined with a disk model. The dashed yellow lines are Gaussians with widths σ=10−3 μm, centered at 1.87 μm and 4.05 μm, respectively. The dashed red line corresponds to a blackbody at a temperature of Tdisk=600 K. The visual extinction is AV=1.5. The dashed orange lines corresponds to the spectrum of the central body given by the Phoenix model for Teff=2900 K, log g=3.0. The blue dots correspond to the JWST photometric points for JuMBO24.



5 NIR properties of ONC disks
We investigated the properties of the ONC disks as seen in the NIRCam images. We started with the disk and radius of the IF, and then turned to the Pa α intensity.
5.1 Ionization front and disk sizes
5.1.1 Method
Fig. 9 summarizes the process used to measure the disk and IF radius. The IF radius (rIF) is defined as the distance between the central star and the tip of the IF. It is estimated using the intensity profile of the source extracted from a cut along the IF length in the F187N filter, as shown in Fig. 9A (continuous red line). We locate the star at the central peak of intensity of the profile. In the case where the disk is edge-on and obstructs the star, we consider the peak of absorption to locate the star, as shown in panel B. If the central star is saturated, we locate it at the center of the saturated pixels. The tip of the IF is placed at the peak of intensity in the profile that is closest to the ionizing source, following Aru et al. (2024). The IF radius is then derived as the distance between the star and the tip of the IF, with an uncertainty of ± 1 pixel. For the disk, the absorption profile is extracted from a cut along the disk major axis (dashed green line panel in A) in the F187N filter. The outer edges of the disk are then determined using the intersection between the line profile (continuous green line in the panel C) and the median of the local background intensity ± 20% (dashed line in the panel C), depending on the surrounding nebular emission. The distance between the two intersection points is then considered to be a direct measure of the disk diameter. We estimate the error from ± 10−20% around the median, which gives a general error of ± 1 pixel.
As the disks are observed in silhouette, the F187N filter’s point spread function (PSF) tends to reduce the observed size of the disks. Thus, the measured values are corrected from the PSF half-width at half-maximum (HWHM) considering
[image: Mathematical equation: $r_{\text {disk }}=\sqrt{r_{\text {obs }}^{2}+\mathrm{HWHM}_{\mathrm{F} 187 \mathrm{~N}}^{2}},$](2)
where rdisk corresponds to the estimated disk radius corrected for the PSF, robs is the observed radius, and HWHMF 187 N} is the HWHM of the F187N filter’s PSF.
From the sample presented in Section 2.2, we measure the disk radius for 22 sources and the IF radius for 23. For the IF, we only consider the sources for which the tip of the IF is clearly distinct from the central star. The obtained disk and IF radii are given in Table A.1.
5.1.2 Disk radius
Fig. 10A shows the disk radii as a function of the projected distance to the main ionizing source, which is θ1 Ori C except for 244–440 where it is θ2 Ori A. 114–426 is excluded from this analysis because of its much larger size. The disk radius increases with the projected distance to the ionizing source. The regression provides a relationship of the form rdisk=109 × d0.30, with rdisk in astronomical units and d the projected distance in parsecs. To assess the significance of this correlation, we randomly sampled the disk radii on their corresponding uncertainty ranges. We then derived the associated Pearson coefficient, R. This process was repeated 104 times. We finally considered the median value of R, with its standard deviation as the uncertainty. This provides a Pearson coefficient of R=0.41 ± 0.03. This moderate correlation is affected by multiple factors, such as the projection effect along the line of sight, different initial disk conditions and evolutionary pathways, or high proper motion.
A linear trend between the disk radius and projected distance has already been observed for the ONC, notably with the Atacama large millimeter array (ALMA) in dust continuum emission at 850 μm on a sample of 104 disks (Eisner et al. 2018, cf. Fig. 10A). To follow up on the comparison of disk radii as observed with JWST and ALMA, we present in Fig. 11 the disk radii obtained from the NIRCam images and their associated radii obtained from ALMA observations at 850 μm. The ALMA values of 203–506 and 114–426 are from Berné et al. (2024); Bally et al. (2015), respectively. The other ALMA values are from Eisner et al. (2018). The NIRCam derived disk radii are systematically larger than the ALMA derived disk radii for these sources. Fig. 12 shows the cumulative distribution function of disk radii measured from the NIRCam images as well as those obtained by Eisner et al. (2018) from ALMA data. The CDF obtained with NIRCam images indicates a mean radius for the disks of ≈ 50 au whereas the mean radius with ALMA is ≈ 25 au. Statistically, disks thus appear two times smaller when observed at submillimeter wavelengths than at near-IR wavelengths. This is also illustrated Fig. 10A, where the obtained relation provides systematically smaller disks. Vicente & Alves (2005) estimated the radius of 149 disks in the ONC with HST’s Wide Field Channel of the Advanced Camera for Surveys, in the visible. Their CDF follows closely that of the NIRCam CDF. In summary, disk as seen by JWST appear the same size when seen by HST, but are twice as small when seen by ALMA. This can be interpreted as evidence of dust radial segregation in disks. The pebble-sized grains, traced by the continuum at 850 μm with ALMA, are concentrated in the innermost part of the disks because of the faster radial drift of large grains (see review by Birnstiel 2024). The micrometer-sized grains that are seen in absorption in the near-IR by NIRCam remain more spatially extended (e.g., Andrews 2020). Evidence of this process has already been observed in some sources in the ONC, such as 114–426 (Bally et al. 2015; Ballering et al. 2025) with NIRCam or 197–427 (Mann & Williams 2010) in Sub-Millimeter Array (SMA) data.
	[image: Thumbnail: Fig. 9 Refer to the following caption and surrounding text.]	Fig. 9 (A): NIRCam image of 182−413 in the F187N filter with 6′′ × 6′′ FOV. (B): intensity profile extracted from the cut shown with the continuous red line in panel A, along the IF. The horizontal dash-dotted black line corresponds to the median of intensity of the cropped image. (C): intensity profile extracted along the cut shown with the dashed green line in panel A. The limits of the IF are shown with the vertical dashed lines.



	[image: Thumbnail: Fig. 10 Refer to the following caption and surrounding text.]	Fig. 10 Disk radius (A), IF radius (B), and Pa α intensity (C) as a function of the projected distance (dproj) to the ionizing source. The solid black lines correspond to the linear regression. The dashed lines mark the regression at ± 1 σ. The dash-dotted line in panel A corresponds to the correlation obtained with ALMA observation at 850 μm by Eisner et al. (2018). The red triangles in panel B correspond to the IF radii measured by Aru et al. (2024). The purples lines are the expectation from the model of Johnstone et al. (1998) for given mass-loss rates.



	[image: Thumbnail: Fig. 11 Refer to the following caption and surrounding text.]	Fig. 11 Disk radii measured with ALMA at 850 μm (from literature) as a function of the measured radii in NIRCam-F187N filter (this work). The ALMA radius for 114–246 and 203–506 are from Bally et al. (2015); Berné et al. (2024), respectively. The remaining ALMA values are from Eisner et al. (2018).



	[image: Thumbnail: Fig. 12 Refer to the following caption and surrounding text.]	Fig. 12 Cumulative distribution function (CDF) of disk radii in the ONC from various studies. Blue: this work. Orange: CDF from Eisner et al. (2018) obtained from ALMA observations of dust continuum emission.



5.1.3 Ionization front radius
Fig. 10B shows the IF radii as a function of the distance to the main ionizing source. No correlation is observed. Performing the same analysis as Section 5.1.2, we obtain a Pearson coefficient of R=0.06 ± 0.04. This flat correlation between the IF radius and projected distance is also observed and discussed in Gupta et al. (in prep.).
We compare the empirical IF radii with the theoretical expectations for four different mass-loss rates, using the equation presented in Winter & Haworth (2022):
[image: Mathematical equation: $r_{\mathrm{IF}}=1200 \times\left(\frac{\mathrm{M}_{\mathrm{loss}}}{10^{-8} \mathrm{M}_{\odot} \mathrm{yr}^{-1}}\right)^{2 / 3}\left(\frac{\Phi_{\mathrm{EUV}}}{10^{45} \mathrm{~s}^{-1}}\right)^{-1 / 3}\left(\frac{d}{1 \mathrm{pc}}\right)^{2 / 3} \mathrm{au},$]
where Mloss is the mass-loss rate due to the external photoevaporation, Φ is the Lyman continuum emission of the ionizing source, and d is the projected distance to the ionizing source. In Appendix H, we derive ΦEUV=1.29 × 1049 s−1 for θ1 Ori C. Around 86% of the IF radii align with a theoretical mass-loss rate in the range Mloss ∈[5 × 10−8, 10−6] M⊙ yr−1. This is of the order of the typical values derived for the ONC (Johnstone et al. 1998; Henney & Arthur 1998; Henney & O’Dell 1999).
The IF radii are compared with the radii measured by Aru et al. (2024) in H α emission with Very Large Telescope-MUSE observations (red triangles). We excluded data points for which only a lower limit is provided. We see from Fig. 10B that the observed correlation IF radius-projected distance in Aru et al. (2024) disappears when a larger sample is considered.
5.1.4 Connecting disk and ionization front radius to G0
Anania et al. (2025) estimated the incident FUV radiation flux, G0, expressed in units of the Habing flux7 (Habing 1968), for disks in the ONC. Their method makes use of a density distribution to infer the 3D geometry from the 2D geometry, assuming spatial isotropy in the cluster and using Gaia DR3 positions (Gaia Collaboration 2023). This provides an estimate of the true separation between the sources and the ionizing sources, which gives an estimate of the true incident FUV field.
Fig. 13 presents the disk and IF radii as a function of G0 as provided by Anania et al. (2025). We observe decreasing disk radii for increasing G0, with a Pearson coefficient of R= −0.40 ± 0.14. This is compatible with the correlation between the disk radii and projected distance to the ionizing source (cf. Fig. 10A). This confirms that disks are truncated more rapidly when exposed to a stronger FUV radiation field, suggesting that the mass-loss rate increases when the intensity of the FUV radiation field increases. Conversely, no correlation between the IF radii and G0 is observed (R=0.11 ± 0.07), whereas a decreasing IF radius with increasing G0 is expected by theoretical models (Johnstone et al. 1998) as long as a constant photoevaporative flow in the PDR is assumed.
	[image: Thumbnail: Fig. 13 Refer to the following caption and surrounding text.]	Fig. 13 Disk and IF radii as a function of the incident FUV radiation field in unit of Habing as provided by Anania et al. (2025). The color gradient indicates the projected distance to the ionizing source.



5.2 Paschen α intensity
We derived the Pa α intensity for all the sources that are not saturated in the F187N and F182M filters, combining the NIRCam images from the GTO and PDRs4All program datasets. We used the equation from Chown et al. (2025) (cf. Equation (1)) and the flux extracted in Section 4.2.1 to derive the Pa α intensity.
Fig. 10C shows the Pa α intensity (IPa α) of the ONC disks as a function of the projected distance to the ionizing source. We observe a decrease in the Pa α intensity with increasing projected distance to the ionizing source. The associated Pearson coefficient is R=0.77 ± 0.02. 180–218 is a clear outsider, with a Pa α intensity ∼ 102 times lower than expected based on the observed trend. Its SED (cf. Fig. D.1) indicates a flux at 1.87 μm lower than the continuum, suggesting an over subtraction of the background. The Pa α image Fig. B.2 and the F187N image Fig. E.1 of 180–218 show a bright structure close to the source, which contributes to the estimated background flux and leads to this over-subtraction.
6 Linking ONC disk properties with PDRs
The external photoevaporation of protoplanetary disks is directly related to the interaction of FUV photons with the gas, forming a PDR at the disk surface. Early models of external photoevaporation were based on PDR physics (Johnstone et al. 1998; Störzer & Hollenbach 1999; Adams et al. 2004). However, it has been difficult to constrain such models with observations because the cooling of PDRs occurs mainly in the near- to far-IR. Observatories such as ISO, Spitzer, and Herschel, providing an angular resolution of well above 1′′ for spectroscopy, were unable to detect characteristic PDR lines against the bright background in Orion (except in some cases: Champion et al. 2017; Vicente et al. 2013). However, studies of PDRs in the ISM benefited greatly from these space missions. In particular, observational results suggest that the thermal pressure (Pth) in interstellar PDRs is directly related to G0, with increasing Pth for increasing G0 (Joblin et al. 2018; Wu et al. 2018; Bron et al. 2018; Seo et al. 2019 and Fig. 14). The competition of G0 against the gas density was discussed in the case of photoevaporating PDRs by Maillard et al. (2021), showing that some configurations could lead to IF-DF merging. In this section, we attempt to identify whether the Pth−G0 correlation extends to externally irradiated disks.
To derive the pressure in the PDRs of the ONC disks, we consider mass loss by photoevaporation from the disk and conservation of mass at the IF, where the gas flows outward into the HII region. We use the continuity equation at the IF: nI cI=nII cII, where nI, cI are the hydrogen number density and sound speed within the PDR, respectively, and nII, cII are the same parameters for the H ii region. Since c ∝ T1/2, this yields nI=nII(TII/TI)1/2. The thermal pressure within the PDR is Pth=nI TI; thus, Pth=nII(TI TII)1/2. We relate the hydrogen density at IF in the H ii region nII to the emission measure as [image: Mathematical equation: $E M=n_{\mathrm{II}}^{2} L$] with EM in cm−6 pc and L the length of the emitting layer in pc. This gives
[image: Mathematical equation: $P_{\text {th}}=\left(\frac{EM\ T_{\mathrm{I}}\ T_{\mathrm{II}}}{L}\right)^{1 / 2}.$]
EM scales with the Pa α intensity (Balog et al. 2008) as IPaα = 2.51 × 10−19 EM, with IPaα  in erg s−1 cm−2 arsec−2 and EM in cm−6 pc. We thus derive EM for all the non-saturated sources in the PDRs4All and GTO data. The temperature within the PDR has been constrained by observations and PDR-models to TI ≈ 1000 K (Champion et al. 2017; Berné et al. 2024). Boyden et al. (2025) derived electron temperatures at the IF of ONC disks with ALMA and Submillimeter Array observations. They obtained values between 6000 and 11000 K. This interval is considered for TII. For the length of the emitting layer, L, we assume the median of the IF radii with an uncertainty given by the standard deviation of the measures, obtaining L=100 ± 50 au.
Fig. 14 shows the derived Pth as a function of G0 for ONC disks. The values are in the range of Pth ∼ 108−9 K cm−3. This is lower than the values derived from the analysis of the H2 ro-vibrational emission lines observed with JWST in 203–506 and 203–504 (Pth ∈[7 × 108−1010] K cm−3 and Pth= 3.8 × 1010 K cm−3, respectively (see Berné et al. 2024; Schroetter et al. 2025a). These pressures correspond to the DF situated at the disk surface (see Section 4.1), whereas the pressures shown in Fig. 14 correspond to that of the neutral atomic gas at the IF, thus downstream in the photoevaporation flow, where the pressure is expected to be lower. Fig. 14 also shows that there is a correlation between Pth and G0 for ONC disks (correlation coefficient R=0.54 ± 0.06), as observed in interstellar PDRs. Joblin et al. (2018) suggest that the relationship between Pth and G0 can be approximated by a linear relation Pth ∝ G0. Similarly, using Hershel data from Trumpler 14, Wu et al. (2018) find [image: Mathematical equation: $P_{\text {th }} \propto G_{0}^{0.9}$] (shown in Fig. 14). Using dynamical 1D PDR models, Bron et al. (2018) show that compression by the dissociation or IF in an interstellar PDR produces a Pth ∝ G0 relation, which we report in Fig. 14. Seo et al. (2019) consider a photoevaporating clump and analytically show that [image: Mathematical equation: $P_{\text {th }} \propto G_{0}^{0.75}$] is predicted (also shown in Fig. 14). ONC disk points in Fig. 14 appear to follow a similar trend of a power law relation with G0, and visually agree well with the law discussed in Seo et al. (2019). This suggests that the pressure in the wind is determined by mechanisms similar to those described for interstellar PDRs. However, the best fit to ONC disk points in Fig. 14 yields [image: Mathematical equation: $P_{\text {th }} \propto G_{0}^{0.26 \pm 0.03}$], which is somewhat flatter than the trends reported in the references discussed above. This suggests that while Pth increases with G0 in the winds of ONC disks as in ISM PDRs, the detailed physics and dynamics likely differ between these two environments. This demonstrates the interest in developing models based on state of the art PDR physics and chemistry that also include disk and wind dynamics in a self-consistent manner (see discussion in Planet formation environments collaboration et al. 2025).
	[image: Thumbnail: Fig. 14 Refer to the following caption and surrounding text.]	Fig. 14 Thermal pressure in the PDR of ONC disk as a function of the incident FUV radiation field G0. The uncertainties on Pth arise from those associated with the length of the emitting layer, considered as the standard deviation of the IF radii, and from the uncertainty on the temperature of the HII region. The red squares are values for various PDRs reported by Joblin et al. (2018) and references therein. The dotted lines correspond to the relations obtained in the models of Bron et al. (2018), considering an O-star for the irradiating source. The dashed black line corresponds to the empirical relation obtained in Wu et al. (2018) for Trumpler 14 in the Carina Nebula. The dash-dotted orange line correspond to the analytical relation of Seo et al. (2019) (also discussed in Wolfire et al. 2022), using the values of θ1 Ori C derived in Appendix H.



7 Conclusion
Using the NIRCam images from the PDRs4All ERS 1288 program, we derived the [Fe ii], Paschen α, H2 1−0 S(1), and PAH emission map for 22 protoplanetary disks. We used these maps to define three types of disks, depending on the position of the IF with respect to the disk surface (cf. Fig. 5): type I are the sources where the IF and disk surface are not separated in NIRCam images (i.e., are separated by ≲  25 au), type II are those where the IF and disk surface are well separated (by ≳ 25 au), and type III are the sources with no IF. Within a projected distance of 0.2 pc from θ1 Ori C, 90% of the sources are of type I or II. Above 0.2 pc, this trend is inverted, with 70% of the sources being of type III. From a morphological point of view, type I and type II sources are consistent with the EUV-dominated flows and FUV-dominated flows described in Johnstone et al. (1998), respectively. However, we do not find any evidence of a clear separation between the two categories at a distance of 0.03 pc to θ1 Ori C, as was suggested by Johnstone et al. (1998).
We derived the SED of 85 ONC disks and 11 JuMBOs from the PDRs4All images. Discarding SEDs with saturation or non-detection, we analyzed the SEDs of 23 ONC disks and five JuMBOs. The spectral features are related to typology: the SED of type I and II sources exhibit strong excess emission in the Pa and Br α filters. Their spectral features are consistent with the NIRSpec spectrum of the well-studied proplyd 203–504. Conversely, the SEDs of type III sources are mostly blackbody-like and do not exhibit any strong features. All of the JuMBOs but JuMBO24 have SEDs that are similar to those of type III sources. Instead, the SED of JuMBO24 shows strong similarities with that of type I and II sources. JuMBO24 SED is successfully reproduced with a model consisting of a low-mass binary star with a circumstellar irradiated disks, suggesting that JuMBO24 may be a proplyd binary.
Combining the NIRCam images from GTO 1256 and the PDRs4All 1288 programs, we measured the disk radius for 22 sources and the IF radius for 23 sources. The measurements obtained for the disks radii are, on average, double the size of those obtained with ALMA at submillimeter wavelengths, representing the dust continuum emission. This is interpreted as evidence of dust radial segregation within the disk: the millimeter-sized grains are concentrated close to the central star because of rapid radial drift.
We observe increasing disk radii with projected distance to θ1 Ori C dproj, following [image: Mathematical equation: $r_{\text {disk }} \propto d_{\text {proj }}^{0.30}$], and with increasing G0. This confirms that disks are truncated more rapidly when exposed to a stronger FUV radiation field. However, no correlation between IF radius and either projected distance to θ1 Ori C or G0 is observed. Comparison of the IF radii with theoretical expectations shows that the mass-loss rates for the sample are in the range Mloss ∈[5 × 10−8, 10−6] M⊙ yr−1.
We derived the Pa α intensity for all the non-saturated sources contained in the PDRs4All and GTO 1256 programs. The Pa α intensity and the IF radius were used to derive the thermal pressure (Pth) within the PDRs associated with the ONC disks. We find that Pth increases with G0 as is observed in PDRs of the ISM. However, our results suggest that the exponent in the power-law relationship between Pth and G0 is lower for ONC disks (∼ 0.26) than for galactic PDRs (∼ 0.75−1), pointing to differences in the PDR physics involved in ONC disk winds with respect to galactic PDRs.

Data availability
Table A.1 is available at the CDS via https://cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/708/A111.
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Appendix A  Tables of ONC disks and JUMBOs
Table A.1 
First 14 rows of coordinates, projected distance to ionizing source (dproj), Paschen α intensity and disk, IF radius and parallax from GAIA DR3 (Gaia Collaboration 2023) of the protoplanetary disks detected in the JWST NIRCam images of the ONC, combining GTO 1256 (GTO) and PDRs4All (A, B Parallel, cf. Section 2.1) programs datasets.

Table A.2 
Coordinates of JuMBO candidates reported by Pearson & McCaughrean (2023), contained in the PDRs4All NIRCam images. The coordinates are those derived in the NIRCam PDRs4All images.


Appendix B  Maps of specific lines
	[image: Thumbnail: Fig. B.1 Refer to the following caption and surrounding text.]	Fig. B.1 [Fe II] emission map of 22 protoplanetary disks using PDRs4All NIRCam images. The first and second column correspond to the image in the F162M and F164N filter, respectively. The third column is the [Fe II] emission map obtained following equation 1. The images are north-east aligned.



	[image: Thumbnail: Fig. B.2 Refer to the following caption and surrounding text.]	Fig. B.2 Paschen α maps of 22 protoplanetary disks. The first and second column correspond to the image in the F182M and F187N filter, respectively. The third column is the Paschen α emission map obtained following equation 1. The images are north-east aligned.



	[image: Thumbnail: Fig. B.3 Refer to the following caption and surrounding text.]	Fig. B.3 H2 1−0 S(1) emission maps of 22 protoplanetary disks. The first and second column correspond to the image in the F210M and F212N filter, respectively. The third column is the H2 emission map obtained following equation 1. The images are north-east aligned.



	[image: Thumbnail: Fig. B.4 Refer to the following caption and surrounding text.]	Fig. B.4 PAH emission maps of 22 protoplanetary disks. The first and second column correspond to the image in the F300M and F335M filter, respectively. The third column is the PAH emission map obtained following equation 1. The images are north-east aligned.




Appendix C  NIRCam images of JuMBOs
	[image: Thumbnail: Fig. C.1 Refer to the following caption and surrounding text.]	Fig. C.1 NIRCam images of six JuMBOs as seen in the PDRs4All program dataset. The components of each systems are labeled a, b, c in the F210M images when at leat two sources are detected. The colorbars are in [image: Mathematical equation: $\log \left(\mathrm{W} \mathrm{m}^{-2} \mu_{\mathrm{m}}^{-1} \mathrm{sr}^{-1}\right)$].




Appendix D  Spectral energy distributions
	[image: Thumbnail: Fig. D.1 Refer to the following caption and surrounding text.]	Fig. D.1 Spectral energy distribution of the 23 protoplanetary disks and five JuMBOs in the PDRs4All NIRCam images, obtained as described in Section 4.2.1. The dashed segments in some of the SEDs replace saturated filters. The 3 σ error bars are given. The type of the source (type I, II or III, cf. Section 4.1) is indicated in the upper right corner when available.
 1: Proplyd candidates from Habart et al. (2024).




Appendix E  NIRCam image of HC182
	[image: Thumbnail: Fig. E.1 Refer to the following caption and surrounding text.]	Fig. E.1 NIRCam image in the F187N filter of the three proplyd candidates reported by Habart et al. (2024) from the PDRs4All program, and of HC182 from the JWST GTO 1256 program.




Appendix F  JuMBO24
F.1. Individual short wavelength SEDs of the two components of JuMBO24
	[image: Thumbnail: Fig. F.1 Refer to the following caption and surrounding text.]	Fig. F.1 Top panel: F140M images of JuMBO24 a and JuMBO24 b. Bottom panel: Individual short wavelength SEDs of JuMBO24 a (green) and b (red).



Fig. F.1 shows the F140M image of JuMBO24 a and JuMBO24 b (top panel), and their associated SED in the short wavelengths channel of NIRCam (bottom panel), where the binary system is resolved. The SEDs are obtained using the method presented in Section 4.2.1 with 1.5-pixel-radius apertures to minimize the contamination from the companion.
F.2 JuMBO24 SED fit
We use the Phoenix model (parameters: Teff, log g, metallicity) combined with a blackbody (Tdisk) and two Gaussians with σ=10−3 μm at 1.87 and 4.05 μm, respectively, to model the SED of JuMBO24. We assumed solar metallicity and log g=3.0 (g in cm s−2). The effect of dust extinction on the line of sight, parametrized by the visual extinction AV, is considered using the extinction curve of the model of Weingartner & Draine (2001) with RV=5.5, the value established for the ONC (e.g., Cardelli et al. 1989; Fang et al. 2021). The model is computed over a grid spanning an effective temperature Teff from 2300 K to 3500 K with a step size of 100 K, disk temperature from 200 K to 1200 K with a 100 K step size, and visual extinction Av from 0 to 5.0 in 0.5 steps. We finally keep the set of parameters that minimizes the reduced χ2 fit to the data. The obtained best-fit model is shown in Fig. 8.

Appendix G  Emission measure from Paschen α and radio emission a
At the IF of an EUV irradiated disk, electron recombination producing the Pa α intensity scales with the emission measure EM (Balog et al. 2008) following IPaα =2.51 × 10−19 EM, where IPa α is the Pa α intensity in erg s−1 cm−2 arsec−2 and EM is in cm−6 pc. To obtain IPaα  we divide the Pa α flux density for one object by the surface area of the aperture photometry (cf. Section 4.2.1). This yields EMPaα =5.8 × 106 cm−6 pc.
Rodríguez et al. (2024) reported radio continuum emission at 6.1 and 10 GHz arising from both components of JuMBO24 with archival Karl G. Jansky Very Large Array (VLA) observations. Assuming this emission originates from free-free radio emission at the IF, we can derive the emission measure (EM) following Mezger & Henderson (1967):
[image: Mathematical equation: $\frac{E M}{\mathrm{~cm}^{-6} \mathrm{pc}}=\left(\frac{\tau_{\mathrm{ff}}}{3.2810^{-7}}\right)\left(\frac{T_{e}}{10^{4} \mathrm{~K}}\right)^{1.35}\left(\frac{v}{\mathrm{GHz}}\right)^{2.1},$]
with [image: Mathematical equation: $\tau_{\mathrm{ff}}=\frac{I_{v}}{B_{v}\left(T_{e}\right)}$] (Ballering et al. 2023) the optical depth for free-free emission and Te ∼ 104 K the electron temperature. At a frequency v=10 GHz, Rodríguez et al. (2024) derived a flux for JuMBO24 of Fv=60 ± 13 μJy. With a beam size of 0.21′′ × 0.17′′ at this frequency, this yields a specific intensity:
[image: Mathematical equation: $I_{v}=\frac{F_{v}}{\text { Beam }}=(7.2 \pm 1.5) 10^{-19} \mathrm{~W} \mathrm{~m}^{-2} \mathrm{~Hz}^{-1} \mathrm{sr}^{-1}.$]
The optical depth is thus τff=(2.3 ± 0.5) × 10−3, giving an Emission Measure EMradio=(9.0 ± 2.0) 105 cm−6 pc, where the uncertainty corresponds to the error on the flux. The emission measure obtained with the VLA radio continuum emission and with the Pa α NIRCam intensity are of the same order of magnitude. This indicates that the observed radio emission can be explained by the presence of an IF.

Appendix H  Photon luminosity of θ1 Ori C
The main ionizing source in the ONC is θ1 Ori C (Simón-Díaz et al. 2006). We modeled its spectrum using the OSTAR2002 grid (Lanz & Hubeny 2007) considering log g=4.1, R=10 R⊙, T=4 × 104 K, Z=1, which are the parameters estimated by Simón-Díaz et al. (2006). The EUV photon luminosity ΦEUV corresponds to the integrated photon flux for wavelengths below the Lyman limit at 912 Å. We obtain ΦEUV=1.29 × 1049 s−1, close to to the value provided by Tielens (2005) (1.3 × 1049 s−1) for an O7-star such as θ1 Ori C (Simón-Díaz et al. 2006). This value is slightly below the value provided by Aru et al. (2024) (ΦEUV=1.6 × 1049 s−1), but larger than the one obtained by O’Dell et al. (2017) (ΦEUV=7.35 × 1048 s−1).
The FUV photon luminosity is the flux integrated in the range 912−2400 Å. This provides ΦFUV=3.49 × 1049 s−1. The fraction of FUV photons with respect to EUV photons is then f=ΦFUV/ΦEUV=2.7, close to the value provided by Ferland et al. (2012) of 2.76.
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Filter combinations and coefficients for Equation (1) for selected lines from Chown et al. (2025). α is unitless and β is in watts per square meter per steradian.
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Coordinates of JuMBO candidates reported by Pearson & McCaughrean (2023), contained in the PDRs4All NIRCam images. The coordinates are those derived in the NIRCam PDRs4All images.
In the text

All Figures
	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 Composite color Hubble Space Telescope view of the Orion Nebula as provided by Robberto et al. (2013). The FOV of the NIRCam images from GTO program 1256 is shown as the dotted cyan box. Both FOVs from the PDRs4All NIRCam images are shown as the continuous boxes, and the parallel FOVs are shown with dashed boxes for each of the filters listed in Table 1.
In the text



	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 NIRCam images of the disks seen in silhouette in the narrowband filters from the PDRs4All program dataset. The color scale is in log (W m−2 μm−1 sr−1).
In the text



	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 [Fe ii], Paschen α, H2 1−0 S(1) and PAH emission maps of a sub-sample of ONC protoplanetary disks, obtained following Equation (1). The images are north-aligned and in units of watt per square meter per steradian.
In the text



	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 (A): HST-image of 165–235 in the H α F658N filter at 0.658 μm. (B) JWST-image in the Pa α F187N filter at 1.87 μm. (C): in red, contours of 165-235 from the HST image. In blue, contours from the JWST image.
In the text



	[image: Thumbnail: Fig. 5 Refer to the following caption and surrounding text.]	Fig. 5 Schematic overview of the observational categories for ONC disks. Type I, the IF (Pa α emitting layer, in blue) is close to the disk’s surface and almost merged with the DF (H2 emitting layer, in yellow). Type II, the IF is placed further away from the disk’s surface and DF. In these two first categories, the disk is in the H ii region and embedded in a photoevaporative wind (PAH emitting area) surrounded by a bright IF. Type III, the disk does not have any associated IF, but still has a DF. This corresponds to the case where the disk is FUV irradiated only, beyond the Strömgren’s sphere produced by the Trapezium.
In the text



	[image: Thumbnail: Fig. 6 Refer to the following caption and surrounding text.]	Fig. 6 Spatial distribution of the 22 protoplanetary disks categorized in Section 4.1. The red dots are sources of type I. The green squares correspond to type II sources. The blue crosses are the type III sources. The dark triangles are ambiguous. The position of θ1 Ori C and θ1 Ori A are marked with the purple stars. 244–440 and 203–504, which are illuminated by θ1 Ori A, are not in this subsample.
In the text



	[image: Thumbnail: Fig. 7 Refer to the following caption and surrounding text.]	Fig. 7 JWST-NIRcam SEDs from the PDRs4All program of three Orion Proplyds (182-413, 183–419, and 255–512) and of JuMBO24, and their corresponding 4′′ × 4′′ image in the F187N Pa α filter. The order, from top to bottom, of the SEDs and images are the same. In addition, the border of the images are in the colors of the corresponding SEDs. For clarity, the errors bars on the SEDs are not shown. The NIRSpec spectrum of 203–504, multiplied by a factor α=5 × 10−4 to avoid overlaps with the SEDs, is shown in gray.
In the text



	[image: Thumbnail: Fig. 8 Refer to the following caption and surrounding text.]	Fig. 8 Best fit model of JuMBO 24 SED (in blue) obtained from the Phoenix model combined with a disk model. The dashed yellow lines are Gaussians with widths σ=10−3 μm, centered at 1.87 μm and 4.05 μm, respectively. The dashed red line corresponds to a blackbody at a temperature of Tdisk=600 K. The visual extinction is AV=1.5. The dashed orange lines corresponds to the spectrum of the central body given by the Phoenix model for Teff=2900 K, log g=3.0. The blue dots correspond to the JWST photometric points for JuMBO24.
In the text



	[image: Thumbnail: Fig. 9 Refer to the following caption and surrounding text.]	Fig. 9 (A): NIRCam image of 182−413 in the F187N filter with 6′′ × 6′′ FOV. (B): intensity profile extracted from the cut shown with the continuous red line in panel A, along the IF. The horizontal dash-dotted black line corresponds to the median of intensity of the cropped image. (C): intensity profile extracted along the cut shown with the dashed green line in panel A. The limits of the IF are shown with the vertical dashed lines.
In the text



	[image: Thumbnail: Fig. 10 Refer to the following caption and surrounding text.]	Fig. 10 Disk radius (A), IF radius (B), and Pa α intensity (C) as a function of the projected distance (dproj) to the ionizing source. The solid black lines correspond to the linear regression. The dashed lines mark the regression at ± 1 σ. The dash-dotted line in panel A corresponds to the correlation obtained with ALMA observation at 850 μm by Eisner et al. (2018). The red triangles in panel B correspond to the IF radii measured by Aru et al. (2024). The purples lines are the expectation from the model of Johnstone et al. (1998) for given mass-loss rates.
In the text



	[image: Thumbnail: Fig. 11 Refer to the following caption and surrounding text.]	Fig. 11 Disk radii measured with ALMA at 850 μm (from literature) as a function of the measured radii in NIRCam-F187N filter (this work). The ALMA radius for 114–246 and 203–506 are from Bally et al. (2015); Berné et al. (2024), respectively. The remaining ALMA values are from Eisner et al. (2018).
In the text



	[image: Thumbnail: Fig. 12 Refer to the following caption and surrounding text.]	Fig. 12 Cumulative distribution function (CDF) of disk radii in the ONC from various studies. Blue: this work. Orange: CDF from Eisner et al. (2018) obtained from ALMA observations of dust continuum emission.
In the text



	[image: Thumbnail: Fig. 13 Refer to the following caption and surrounding text.]	Fig. 13 Disk and IF radii as a function of the incident FUV radiation field in unit of Habing as provided by Anania et al. (2025). The color gradient indicates the projected distance to the ionizing source.
In the text



	[image: Thumbnail: Fig. 14 Refer to the following caption and surrounding text.]	Fig. 14 Thermal pressure in the PDR of ONC disk as a function of the incident FUV radiation field G0. The uncertainties on Pth arise from those associated with the length of the emitting layer, considered as the standard deviation of the IF radii, and from the uncertainty on the temperature of the HII region. The red squares are values for various PDRs reported by Joblin et al. (2018) and references therein. The dotted lines correspond to the relations obtained in the models of Bron et al. (2018), considering an O-star for the irradiating source. The dashed black line corresponds to the empirical relation obtained in Wu et al. (2018) for Trumpler 14 in the Carina Nebula. The dash-dotted orange line correspond to the analytical relation of Seo et al. (2019) (also discussed in Wolfire et al. 2022), using the values of θ1 Ori C derived in Appendix H.
In the text



	[image: Thumbnail: Fig. B.1 Refer to the following caption and surrounding text.]	Fig. B.1 [Fe II] emission map of 22 protoplanetary disks using PDRs4All NIRCam images. The first and second column correspond to the image in the F162M and F164N filter, respectively. The third column is the [Fe II] emission map obtained following equation 1. The images are north-east aligned.
In the text



	[image: Thumbnail: Fig. B.2 Refer to the following caption and surrounding text.]	Fig. B.2 Paschen α maps of 22 protoplanetary disks. The first and second column correspond to the image in the F182M and F187N filter, respectively. The third column is the Paschen α emission map obtained following equation 1. The images are north-east aligned.
In the text



	[image: Thumbnail: Fig. B.3 Refer to the following caption and surrounding text.]	Fig. B.3 H2 1−0 S(1) emission maps of 22 protoplanetary disks. The first and second column correspond to the image in the F210M and F212N filter, respectively. The third column is the H2 emission map obtained following equation 1. The images are north-east aligned.
In the text



	[image: Thumbnail: Fig. B.4 Refer to the following caption and surrounding text.]	Fig. B.4 PAH emission maps of 22 protoplanetary disks. The first and second column correspond to the image in the F300M and F335M filter, respectively. The third column is the PAH emission map obtained following equation 1. The images are north-east aligned.
In the text



	[image: Thumbnail: Fig. C.1 Refer to the following caption and surrounding text.]	Fig. C.1 NIRCam images of six JuMBOs as seen in the PDRs4All program dataset. The components of each systems are labeled a, b, c in the F210M images when at leat two sources are detected. The colorbars are in [image: Mathematical equation: $\log \left(\mathrm{W} \mathrm{m}^{-2} \mu_{\mathrm{m}}^{-1} \mathrm{sr}^{-1}\right)$].
In the text



	[image: Thumbnail: Fig. D.1 Refer to the following caption and surrounding text.]	Fig. D.1 Spectral energy distribution of the 23 protoplanetary disks and five JuMBOs in the PDRs4All NIRCam images, obtained as described in Section 4.2.1. The dashed segments in some of the SEDs replace saturated filters. The 3 σ error bars are given. The type of the source (type I, II or III, cf. Section 4.1) is indicated in the upper right corner when available.
 1: Proplyd candidates from Habart et al. (2024).
In the text



	[image: Thumbnail: Fig. E.1 Refer to the following caption and surrounding text.]	Fig. E.1 NIRCam image in the F187N filter of the three proplyd candidates reported by Habart et al. (2024) from the PDRs4All program, and of HC182 from the JWST GTO 1256 program.
In the text



	[image: Thumbnail: Fig. F.1 Refer to the following caption and surrounding text.]	Fig. F.1 Top panel: F140M images of JuMBO24 a and JuMBO24 b. Bottom panel: Individual short wavelength SEDs of JuMBO24 a (green) and b (red).
In the text





    
      Table 1 

      NIRCam filters used for the GTO 1256 and ERS-PDRs4All observation programs of the ONC.

      
        


	Filters
	λ pivot
	Bandwidth
	Spatial resolution1
	Noise level3
	Dataset



	
	(μm)
	(μm)
	(arcsec)
	(au)2
	(W m−2 μm m−1 sr−1)
	GTO
	ERS
	ERS parallel





	F115W
	1.154
	0.225
	0.040
	15.6
	3.1 × 10−6
	✓
	
	



	F140M
	1.404
	0.142
	0.048
	18.7
	1.6 × 10−6
	✓
	✓
	



	F162M
	1.626
	0.168
	0.055
	21.4
	1.3 × 10−6
	✓
	✓
	



	F164N
	1.644
	0.020
	0.056
	21.8
	8.4 × 10−6
	
	✓
	



	F182M
	1.845
	0.238
	0.062
	24.2
	1.9 × 10−6
	✓
	✓
	✓



	F187N
	1.874
	0.024
	0.064
	25.0
	1.1 × 10−5
	✓
	✓
	✓



	F210M
	2.093
	0.205
	0.071
	27.7
	8.1 × 10−7
	
	✓
	✓



	F212N
	2.120
	0.027
	0.072
	28.1
	4.4 × 10−6
	✓
	✓
	✓



	F277W
	2.786
	0.672
	0.092
	35.9
	4.0 × 10−7
	✓
	✓
	



	F300M
	2.996
	0.318
	0.100
	39.0
	3.7 × 10−7
	✓
	✓
	✓



	F323N
	3.237
	0.038
	0.108
	42.1
	2.2 × 10−6
	
	✓
	



	F335M
	3.365
	0.347
	0.111
	43.3
	2.3 × 10−6
	✓
	✓
	✓



	F360M
	3.621
	0.372
	0.120
	46.8
	3.3 × 10−7
	✓
	
	



	F405N
	4.055
	0.046
	0.136
	53.0
	1.8 × 10−6
	
	✓
	✓



	F410M
	4.092
	0.436
	0.137
	53.4
	
	
	
	✓



	F444W
	4.421
	1.024
	0.145
	56.5
	2.8 × 10−7
	✓
	
	



	F470N
	4.707
	0.051
	0.160
	62.4
	6.4 × 10−7
	✓
	✓
	



	F480M
	4.834
	0.303
	0.164
	64.0
	3.9 × 10−7
	
	✓
	





      

      
Notes. ERS parallel describes the filters used in the NIRCam parallel observation. (1) Full width at half maximum of NIRCam PSFs. (2) Considering a distance to the ONC of 390 pc. (3) Standard deviation estimated in uniform regions of the images using a circular aperture of radius 3′′, from the ERS-PDRs4All images when available, and otherwise from GTO data.




    

  
    
      Fig. 1 

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

      
        Composite color Hubble Space Telescope view of the Orion Nebula as provided by Robberto et al. (2013). The FOV of the NIRCam images from GTO program 1256 is shown as the dotted cyan box. Both FOVs from the PDRs4All NIRCam images are shown as the continuous boxes, and the parallel FOVs are shown with dashed boxes for each of the filters listed in Table 1.

      

    

  
    
      Table 2 

      Filter combinations and coefficients for Equation (1) for selected lines from Chown et al. (2025). α is unitless and β is in watts per square meter per steradian.

      
        


	Line (μm)
	Filter A
	Filter B
	α
	β





	[Fe ii]
	(1.64)
	F164N
	F162M
	1.10
	8.3 × 10−8



	Pa α
	(1.88)
	F187N
	F182M
	0.72
	−1.3 × 10−7



	H2
	(2.12)
	F212N
	F210M
	0.78
	1.5 × 10−8



	PAH
	(3.3)
	F335M
	F300M
	1.13
	2.0 × 10−6





      

    

  
    
      Fig. 2 

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

      
        NIRCam images of the disks seen in silhouette in the narrowband filters from the PDRs4All program dataset. The color scale is in log (W m−2 μm−1 sr−1).

      

    

  
    
      Fig. 3 

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

      
        [Fe ii], Paschen α, H2 1−0 S(1) and PAH emission maps of a sub-sample of ONC protoplanetary disks, obtained following Equation (1). The images are north-aligned and in units of watt per square meter per steradian.

      

    

  
    
      Fig. 4 

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

      
        (A): HST-image of 165–235 in the H α F658N filter at 0.658 μm. (B) JWST-image in the Pa α F187N filter at 1.87 μm. (C): in red, contours of 165-235 from the HST image. In blue, contours from the JWST image.

      

    

  
    
      Table 3 

      List of categorized ONC disks and their associated type (see text and Fig. 5).

      
        


	Source
	ra
	dec
	Type





	177-341 W
	83.8236919
	−5.3947273
	Type II



	180-331
	83.8252228
	−5.391897
	Type I



	181-247
	83.8253908
	−5.379755
	Type II



	182-413
	83.8259312
	−5.4037385
	Type II



	183-419
	83.826318
	−5.4052583
	Type II



	179-354
	83.8248805
	−5.3981947
	Type I



	171-212
	83.8213621
	−5.3699739
	Type I



	190-251
	83.8293351
	−5.3807361
	Type I



	209-151
	83.837536
	−5.3645253
	Type II



	250-439
	83.8543114
	−5.4106944
	Type I



	255-512
	83.8564085
	−5.4199612
	Type II



	218-529
	83.8409785
	−5.4245821
	Type III



	232-453
	83.8468152
	−5.4146892
	Type III



	239-334
	83.8494959
	−5.392798
	Type III



	234-104
	83.8473365
	−5.3510211
	ambiguous



	175-355
	83.8231177
	−5.3986324
	Type II



	180-218
	83.8251087
	−5.3717045
	ambiguous



	191-232
	83.8297216
	−5.375387
	Type II



	201-534
	83.8339867
	−5.4260637
	Type III



	203-506
	83.8346666
	−5.4182083
	Type III



	213-533
	83.8387402
	−5.4258708
	Type III



	216-541
	83.840053
	−5.4279793
	Type III





      

    

  
    
      Fig. 5 

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

      
        Schematic overview of the observational categories for ONC disks. Type I, the IF (Pa α emitting layer, in blue) is close to the disk’s surface and almost merged with the DF (H2 emitting layer, in yellow). Type II, the IF is placed further away from the disk’s surface and DF. In these two first categories, the disk is in the H ii region and embedded in a photoevaporative wind (PAH emitting area) surrounded by a bright IF. Type III, the disk does not have any associated IF, but still has a DF. This corresponds to the case where the disk is FUV irradiated only, beyond the Strömgren’s sphere produced by the Trapezium.

      

    

  
    
      Fig. 6 

      
        [image: Fig. 6 Refer to the following caption and surrounding text.]
      

      
        Spatial distribution of the 22 protoplanetary disks categorized in Section 4.1. The red dots are sources of type I. The green squares correspond to type II sources. The blue crosses are the type III sources. The dark triangles are ambiguous. The position of θ1 Ori C and θ1 Ori A are marked with the purple stars. 244–440 and 203–504, which are illuminated by θ1 Ori A, are not in this subsample.

      

    

  
    
      Fig. 7 

      
        [image: Fig. 7 Refer to the following caption and surrounding text.]
      

      
        JWST-NIRcam SEDs from the PDRs4All program of three Orion Proplyds (182-413, 183–419, and 255–512) and of JuMBO24, and their corresponding 4′′ × 4′′ image in the F187N Pa α filter. The order, from top to bottom, of the SEDs and images are the same. In addition, the border of the images are in the colors of the corresponding SEDs. For clarity, the errors bars on the SEDs are not shown. The NIRSpec spectrum of 203–504, multiplied by a factor α=5 × 10−4 to avoid overlaps with the SEDs, is shown in gray.

      

    

  
    
      Fig. 8 

      
        [image: Fig. 8 Refer to the following caption and surrounding text.]
      

      
        Best fit model of JuMBO 24 SED (in blue) obtained from the Phoenix model combined with a disk model. The dashed yellow lines are Gaussians with widths σ=10−3 μm, centered at 1.87 μm and 4.05 μm, respectively. The dashed red line corresponds to a blackbody at a temperature of Tdisk=600 K. The visual extinction is AV=1.5. The dashed orange lines corresponds to the spectrum of the central body given by the Phoenix model for Teff=2900 K, log g=3.0. The blue dots correspond to the JWST photometric points for JuMBO24.

      

    

  
    
      Fig. 9 

      
        [image: Fig. 9 Refer to the following caption and surrounding text.]
      

      
        (A): NIRCam image of 182−413 in the F187N filter with 6′′ × 6′′ FOV. (B): intensity profile extracted from the cut shown with the continuous red line in panel A, along the IF. The horizontal dash-dotted black line corresponds to the median of intensity of the cropped image. (C): intensity profile extracted along the cut shown with the dashed green line in panel A. The limits of the IF are shown with the vertical dashed lines.

      

    

  
    
      Fig. 10 

      
        [image: Fig. 10 Refer to the following caption and surrounding text.]
      

      
        Disk radius (A), IF radius (B), and Pa α intensity (C) as a function of the projected distance (dproj) to the ionizing source. The solid black lines correspond to the linear regression. The dashed lines mark the regression at ± 1 σ. The dash-dotted line in panel A corresponds to the correlation obtained with ALMA observation at 850 μm by Eisner et al. (2018). The red triangles in panel B correspond to the IF radii measured by Aru et al. (2024). The purples lines are the expectation from the model of Johnstone et al. (1998) for given mass-loss rates.

      

    

  
    
      Fig. 11 

      
        [image: Fig. 11 Refer to the following caption and surrounding text.]
      

      
        Disk radii measured with ALMA at 850 μm (from literature) as a function of the measured radii in NIRCam-F187N filter (this work). The ALMA radius for 114–246 and 203–506 are from Bally et al. (2015); Berné et al. (2024), respectively. The remaining ALMA values are from Eisner et al. (2018).

      

    

  
    
      Fig. 12 

      
        [image: Fig. 12 Refer to the following caption and surrounding text.]
      

      
        Cumulative distribution function (CDF) of disk radii in the ONC from various studies. Blue: this work. Orange: CDF from Eisner et al. (2018) obtained from ALMA observations of dust continuum emission.

      

    

  
    
      Fig. 13 

      
        [image: Fig. 13 Refer to the following caption and surrounding text.]
      

      
        Disk and IF radii as a function of the incident FUV radiation field in unit of Habing as provided by Anania et al. (2025). The color gradient indicates the projected distance to the ionizing source.

      

    

  
    
      Fig. 14 

      
        [image: Fig. 14 Refer to the following caption and surrounding text.]
      

      
        Thermal pressure in the PDR of ONC disk as a function of the incident FUV radiation field G0. The uncertainties on Pth arise from those associated with the length of the emitting layer, considered as the standard deviation of the IF radii, and from the uncertainty on the temperature of the HII region. The red squares are values for various PDRs reported by Joblin et al. (2018) and references therein. The dotted lines correspond to the relations obtained in the models of Bron et al. (2018), considering an O-star for the irradiating source. The dashed black line corresponds to the empirical relation obtained in Wu et al. (2018) for Trumpler 14 in the Carina Nebula. The dash-dotted orange line correspond to the analytical relation of Seo et al. (2019) (also discussed in Wolfire et al. 2022), using the values of θ1 Ori C derived in Appendix H.

      

    

  
    
      Table A.1 

      First 14 rows of coordinates, projected distance to ionizing source (dproj), Paschen α intensity and disk, IF radius and parallax from GAIA DR3 (Gaia Collaboration 2023) of the protoplanetary disks detected in the JWST NIRCam images of the ONC, combining GTO 1256 (GTO) and PDRs4All (A, B Parallel, cf. Section 2.1) programs datasets.

      
        


	source
	ra
	dec
	dproj
	Pa α intensity
	diskradius
	IFradius
	parallax
	dataset



	
	(deg)
	(deg)
	(pc)
	(W m−2 sr−1)
	(au)
	(au)
	(mas)
	





	005−514
	83.7519933
	−5.4206395
	0.50
	…
	…
	…
	2.54 ± 0.05
	GTO



	006−439
	83.7524771
	−5.4107850
	0.47
	8.32e-05 ± 4.91e-06
	…
	…
	…
	GTO



	016-149
	83.7567717
	−5.3636212
	0.46
	…
	…
	…
	…
	GTO



	038-627
	83.7674710
	−5.4410637
	0.49
	…
	…
	…
	2.52 ± 0.06
	GTO



	044−527
	83.7684653
	−5.4243080
	0.42
	3.35e-05 ± 2.18e-06
	…
	…
	…
	GTO



	046-245
	83.7693507
	−5.3791266
	0.34
	3.65 e-05 ± 2.85 e-06
	…
	…
	…
	GTO



	049-143
	83.7706501
	−5.3619533
	0.38
	2.32 e-05 ± 1.61 e-06
	…
	…
	…
	GTO



	057-419
	83.7738944
	−5.4051552
	0.32
	…
	…
	…
	2.63 ± 0.06
	GTO



	061-401
	83.7754257
	−5.4001717
	0.30
	1.11 e-05 ± 2.64 e-06
	…
	85 ± 12
	…
	GTO



	066-652
	83.7774933
	−5.4477779
	0.49
	…
	…
	…
	…
	GTO



	069-601
	83.7788126
	−5.4335095
	0.40
	…
	…
	…
	2.66 ± 0.15
	GTO



	072-135
	83.7800808
	−5.3595731
	0.33
	…
	113 Â ± 4
	110 Â ± 12
	…
	GTO



	073-227
	83.7802916
	−5.3740444
	0.28
	…
	…
	…
	2.37 Â ± 0.07
	GTO



	090-326
	83.7876288
	−5.3906216
	0.21
	…
	47 Â ± 6
	…
	…
	GTO





      

      
Notes. The full table is available in electronic version at the CDS.




    

  
    
      Table A.2 

      Coordinates of JuMBO candidates reported by Pearson & McCaughrean (2023), contained in the PDRs4All NIRCam images. The coordinates are those derived in the NIRCam PDRs4All images.

      
        


	Sources
	Position ra, dec (deg)
	Module



	
	a
	b
	





	JuMBO24
	83.8312915, −5.3943755
	
	B



	JuMBO25
	83.8364742, −5.3711567
	83.8363771, −5.3710603
	A



	JuMBO26
	83.8380085, −5.3665563
	83.8378384, −5.3665275
	A



	JuMBO27
	83.8466416, −5.3995442
	83.8468808, −5.3995483
	B



	JuMBO28
	83.8469629, −5.3927260
	
	B



	JuMBO29
	83.8472692, −5.3466808
	83.8473650, −5.3466847
	A



	JuMBO30
	83.8485400, −5.4059630
	
	B



	JuMBO31
	83.8567525, −5.3879075
	83.8567387, −5.3877558
	B



	JuMBO36
	83.8788150, −5.3402700
	83.878595, −5.3401447
	Parallel B



	JuMBO37
	83.8822620, −5.3307497
	83.8824791, −5.3307117
	Parallel B



	JuMBO38
	83.8832808, −5.3519342
	83.8831334, −5.3519777
	Parallel B





      

      
Notes. The third column corresponds to the FOV in which the source is observed (module A or B, parallel, cf. Section 2.1).




    

  
    
      Fig. B.1 

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

      
        [Fe II] emission map of 22 protoplanetary disks using PDRs4All NIRCam images. The first and second column correspond to the image in the F162M and F164N filter, respectively. The third column is the [Fe II] emission map obtained following equation 1. The images are north-east aligned.

      

    

  
    
      Fig. B.2 

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

      
        Paschen α maps of 22 protoplanetary disks. The first and second column correspond to the image in the F182M and F187N filter, respectively. The third column is the Paschen α emission map obtained following equation 1. The images are north-east aligned.

      

    

  
    
      Fig. B.3 

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

      
        H2 1−0 S(1) emission maps of 22 protoplanetary disks. The first and second column correspond to the image in the F210M and F212N filter, respectively. The third column is the H2 emission map obtained following equation 1. The images are north-east aligned.

      

    

  
    
      Fig. B.4 

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

      
        PAH emission maps of 22 protoplanetary disks. The first and second column correspond to the image in the F300M and F335M filter, respectively. The third column is the PAH emission map obtained following equation 1. The images are north-east aligned.

      

    

  
    
      Fig. C.1 

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

      
        NIRCam images of six JuMBOs as seen in the PDRs4All program dataset. The components of each systems are labeled a, b, c in the F210M images when at leat two sources are detected. The colorbars are in [image: Mathematical equation: $\log \left(\mathrm{W} \mathrm{m}^{-2} \mu_{\mathrm{m}}^{-1} \mathrm{sr}^{-1}\right)$].

      

    

  
    
      Fig. D.1 

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

      Spectral energy distribution of the 23 protoplanetary disks and five JuMBOs in the PDRs4All NIRCam images, obtained as described in Section 4.2.1. The dashed segments in some of the SEDs replace saturated filters. The 3 σ error bars are given. The type of the source (type I, II or III, cf. Section 4.1) is indicated in the upper right corner when available.
 1: Proplyd candidates from Habart et al. (2024).


    

  
    
      Fig. E.1 

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

      
        NIRCam image in the F187N filter of the three proplyd candidates reported by Habart et al. (2024) from the PDRs4All program, and of HC182 from the JWST GTO 1256 program.

      

    

  
    
      Fig. F.1 

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

      
        Top panel: F140M images of JuMBO24 a and JuMBO24 b. Bottom panel: Individual short wavelength SEDs of JuMBO24 a (green) and b (red).
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