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Abstract

Context. JWST observations of the Orion Bar have revealed rich and diverse polycyclic aromatic hydrocarbon (PAH) emission. These observations allow for the first time a comprehensive characterisation of the charge state and size of the PAH population on morphologically resolved photodissociation regions (PDR) scales, properties closely linked to physical conditions of their inhabiting environments.

Aims. We investigate the evolution of the PAH population’s charge state and size across key physical zones in the Orion Bar, which include the H ii region, the atomic PDR (APDR), and three bright H I/H2 dissociation fronts (DF1, DF2, and DF3). We connect changes in the PAH charge and size as probed by empirical emission proxies with the varying physical properties of their surrounding environments.

Methods. Utilising the NASA Ames PAH Infrared Spectroscopic Database (PAHdb) and the pyPAHdb spectral modelling tool, we analysed the MIRI-MRS observations of the Orion Bar from the ‘PDRs4All’ JWST Early Release Science Program. Decomposition and modelling were performed on the 5−15 μm spectrum across the entire JWST mosaic, as well as on the weighted average spectra of the five key physical zones.

Results. pyPAHdb modelling reveals the fractional contribution of the different PAH charge states and sizes to the total PAH emission across the Orion Bar. Cationic PAH emission peaks in the APDR region, where neutral PAHs make a minimal contribution. Emission from neutral PAHs peaks in the H ii region that consists of emission from a face-on PDR associated with the background OMC-1 molecular cloud, and in the molecular cloud regions past DF2. The PAH anions are observed deep within the DF2 and DF3 zones. Small and medium-sized PAHs make up ∼ 70% of the PAH emission across the mosaic, with the peak of the small PAH emission found between the DF2 and DF3 zones. The average PAH size in the Orion Bar ranges between ∼ 60−74 NC. The modelling reveals regions of top-down PAH formation at the ionisation front, and bottom-up PAH formation within the molecular cloud region. The PAH ionisation parameter, γ, ranges between ∼ 2−9 × 104. Intensity ratios that are empirical tracers of PAH ionisation (I6.2/I11.2, I7.7/I11.2, I8.6/I11.2) scale well with γ in regions encompassing edge-on or face-on PDR emission, but their correlation weakens within the molecular cloud zone.

Conclusions. Modelling of the 5−15 μm PAH spectrum with pyPAHdb achieves a comprehensive characterisation of the net contribution of neutral and cationic PAHs across different environments, whereas empirical PAH proxy intensity ratio tracers can be highly variable and unreliable outside regions dominated by PDR emission. The derived average PAH size in the different physical zones is consistent with a view of PAHs being more extensively subjected to ultraviolet processing closer to the ionisation front, and less affected within the molecular cloud.
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1 Introduction
A set of prominent emission features at 3.3, 6.2, 7.7, 8.6, 11.2, 12.7, 16.4, and 17.4 μm, with weaker features at surrounding wavelengths, are common to the infrared (IR) spectra of numerous astronomical sources. This emission from the so-called aromatic infrared bands (AIBs) is generally attributed to the family of polycyclic aromatic hydrocarbons (PAHs) and are due to vibrational emission of the carbon-carbon and carbon-hydrogen (C−H) bonds in the PAH molecules that become excited upon the absorption of far-ultraviolet (FUV; 6–13.6 eV) photons (Leger & Puget 1984; Allamandola et al. 1985). The PAH emission has been detected in the spectra of Milky Way sources, including planetary and reflection nebulae (e.g. Bregman et al. 1989; Beintema et al. 1996; Peeters et al. 2002a; Werner et al. 2004), protoplanetary discs (e.g. Vicente et al. 2013), H ii regions (e.g. Bregman et al. 1989; Peeters et al. 2002b), and a wide variety of galaxies and galactic nuclei (e.g. Hony et al. 2001; Peeters et al. 2004; Smith et al. 2007; Galliano et al. 2008; Sandstrom et al. 2012; Boersma et al. 2018; Maragkoudakis et al. 2018; Zang et al. 2022; Lai et al. 2022, 2023; García-Bernete et al. 2022; Maragkoudakis et al. 2022; Chastenet et al. 2023; Egorov et al. 2023; Rigopoulou et al. 2024; Maragkoudakis et al. 2025).
The PAH emission can offer unique insights into the local physical conditions of their host environments (e.g. Galliano et al. 2008; Boersma et al. 2015; Pilleri et al. 2015; Stock & Peeters 2017; Peeters et al. 2017; Maragkoudakis et al. 2022). For instance, the intensity of the UV radiation field, G0, in terms of the Habing field (Habing 1968) can be assessed through the empirical calibration of the I6.2/I11.2 PAH band ratio and the ionisation parameter γ ∝ G0 T1/2/ne, where T is the gas temperature and ne is the electron density (e.g. Galliano et al. 2008; Maragkoudakis et al. 2022). The unparalleled spatial resolution and sensitivity of JWST now allow for the calibration of these diagnostic tracers on spatially resolved scales within astronomical sources.
The study of PAH emission in photo-dissociation regions (PDRs) is of particular interest, as it encompasses emission from zones with different physical conditions and chemical stratification. The PDRs are the interfaces between molecular gas and the surrounding galactic medium, illuminated by FUV photons (6 eVE < 13.6 eV) from young massive stars. The Orion Bar is a prototypical strongly UV-irradiated PDR in the Orion Nebula (M42). Due to its nearly edge-on view and very high surface brightness, the Orion Bar is one of the most extensively studied sources (Tielens et al. 1993; Hogerheijde et al. 1995; Kassis et al. 2006; Goicoechea et al. 2016) and an excellent candidate to examine the evolution of PAH emission, the characteristics of its carriers, and their connection to the local physical conditions across the PDR.
In this work, we characterise the fractional contribution of the different PAH charge states and sizes to the total PAH emission by performing modelling of the 5−15 μm PAH emission spectrum across the Orion Bar’s JWST MIRI-MRS mosaic. This paper is structured as follows. Section 2 describes the observations, data reduction, and measurement of the PAH emission bands. Section 3 presents the analysis and results. A discussion and summary of our conclusions are given in Sections 4 and 5, respectively.
2 Observations and analysis
2.1 Anatomy of the Orion Bar
PDRs are mostly neutral regions in the interstellar medium (ISM) in which the physics and chemistry are regulated by FUV photons from nearby massive stars. Four characteristic zones are typically identified across PDRs: the ionisation front (IF) where the gas converts from fully ionised to fully neutral, the atomic PDR (APDR) where hydrogen exists primarily in atomic form, the H2 dissociation front (DF) where molecular hydrogen dissociates due to FUV radiation, and the molecular zone where the gas is nearly fully molecular.
The nearly edge-on geometry of Orion Bar’s PDR permits spatially resolved observations of the different (neutral atomic, and molecular) layers across the IF and DFs (see Peeters et al. 2024, their Fig. 14). Strong UV radiation from θ1 Ori C, the most massive and brightest star in the Trapezium cluster, powers and shapes the H ii region in the Orion Nebula. The IF, located at a physical distance of 0.27 pc from θ1 Ori C, separates the edge of the PDR from the surrounding H ii region. Beyond the IF, the first layers of the PDR are predominantly neutral and atomic, the so-called APDR zone. At ∼ 0.03 pc from the IF the FUV photon flux is sufficiently attenuated that most of the hydrogen becomes molecular, marking the beginning of the molecular PDR. Three such successive H2 ridges representing three edge-on DFs (DF1, DF2, and DF3) are located at increasing distances from the IF. We note that emission from PAHs and other PDR tracers (H2, CO, CH+, [OI] 63 and 145 μm, and [CII] 158 μm) in the H ii region originates from the background face-on PDR in OMC-1 (e.g. Bernard-Salas et al. 2012; Parikka et al. 2018; Goicoechea et al. 2019; Knight et al. 2022; Habart et al. 2024; Peeters et al. 2024). Beyond DF3 (BDF3), the emission suggests another layer of foreground or background PDR emission. Detection of [CI] 609 μm emission component at velocities different from the Bar (see Fig. 5 of Goicoechea et al. 2025) indicates a translucent component in the foreground or background of the Bar. However, Goicoechea et al. (2025) did not detect significant C2H hydrocarbon emission from the background OMC-1 gas. Hence, additional observations are required to characterise the nature of this region. Two proto-planetary discs are also present within the APDR zone, the proplyds 203–504 and 203–506 (Bally et al. 2000; Berné et al. 2023, 2024), although they are not embedded in the PDR but rather located in the line of sight toward the Bar (e.g. Haworth et al. 2023). Here, we focus on the characterisation of the PAH emission across the different zones in the Orion’s Bar PDR, i.e. the H ii region, the APDR, and the three DFs and their surroundings.
2.2 Observations and data reduction
The JWST Early Release Science (ERS) programme PDRs4All1 (Radiative feedback from massive stars, ID1288; Berné et al. 2022b) has obtained NIRCam and MIRI imaging (Habart et al. 2024) as well as NIRSpec and MIRI-MRS spectral mapping mode observations (Peeters et al. 2024; Chown et al. 2024; Van De Putte et al. 2024) of the Orion Nebula. The integral field unit (IFU) observations cover a 9 × 1 tiles mosaic, positioned to achieve an overlap between the NIRSpec and MIRI-MRS channel 1 fields of view (FoVs). From the assembled spectral cubes, a set of five template spectra have been extracted from apertures selected to be representative of the five key physical zones of the Orion Bar: the H ii region, the APDR, and the three bright H I/H2 DFs (DF1, DF2, and DF3) corresponding to three molecular hydrogen (H2) filaments, as identified in the NIRSpec FoV (Peeters et al. 2024).
In this work, we focus on the MIRI-MRS observations, utilising the first three MRS channels and all three sub-bands within each channel (short, medium, and long), which provide coverage of the main PAH bands, i.e. at 6.2, 7.7, 8.6, and 11.2 μm. We performed spectral decomposition and subsequent modelling of the PAH emission spectrum across the entire mosaic, as well as on the weighted average (template) spectra of the five key physical zones. The PAH emission spectrum modelling was performed using the NASA Ames PAH Infrared Spectroscopic Database2 (PAHdb; Bauschlicher et al. 2010; Boersma et al. 2014; Bauschlicher et al. 2018; Mattioda et al. 2020, Ricca et al. in prep.), which consists of the largest collection of quantumchemically computed absorption spectra of PAHs of various structures, charge states, sizes, and compositions, accompanied by a suite of modelling tools3.
	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 Spectral decomposition of the five Orion Bar template spectra in the 5−15 μm wavelength region. The template spectra are shown in blue, the spectrum after the emission lines removal is shown in orange, the fitted baseline in green, and the resulting isolated PAH emission spectrum in red.



2.3 Spectral decomposition
Isolation of the PAH emission component requires removal of the emission lines present in the spectrum (e.g. H i recombination lines, ro-vibrational and pure rotational H2 lines, and forbidden atomic lines; see Peeters et al. 2024 and Van De Putte et al. 2025) and the underlying continuum. We achieved this in two steps using the pybaseline4 library of algorithms. In the first step, the morphological algorithm was used to create the modelling curve. This performed a morphological opening transformation on the data and then selected the element-wise minimum between the opening and the average of a morphological erosion and dilation of the opening. The ‘half-window’ parameter defines the size of the window used for the morphological operators, allowing for the capture of only broad emission features, i.e. the PAH bands, excluding all the narrow emission lines in the spectrum (Figure 1, orange lines). In the second step, a baseline was fitted and subtracted from the resulting spectrum in step one, using the imodpoly (Improved Modified Polynomial) algorithm (Figure 1, green lines), which uses thresholding to iteratively fit a polynomial baseline to data. After the baseline subtraction, the pure PAH emission spectrum was obtained (Figure 1, red lines). Additionally, this process allows one to obtain the emission line spectrum by subtracting both the baseline and the PAH spectrum from the input observational spectrum. We note that no correction for extinction was applied to the spectra. Because the Orion Bar spectra do not exhibit strong absorption features (e.g. silicate absorption or ice features), pybaseline is well suited for extracting the underlying continuum. The spectral decomposition was performed on the entire MIRI-MRS mosaic and the five template spectra.
2.4 pyPAHdb modelling
The modelling of the PAH emission spectra was performed with the pyPAHdb5 tool. pyPAHdb was developed as one of the science-enabling products for the PDRs4All programme and is a streamlined version of the broader AmesPAHdbPythonSuite6 package from the PAHdb suite of tools. A first description of pyPAHdb was given in Shannon & Boersma (2018). pyPAHdb is designed to quickly and conveniently fit the PAH emission component of a (JWST) spectrum and break it down in terms of PAH charge and size, whereas the AmesPAHdbPythonSuite allows for more flexibility in the modelling parameters and the selection of the pool of PAHs. pyPAHdb streamlines the database-fitting by using a pre-computed matrix of highly over-sampled synthesised PAH emission spectra, under a specific modelling configuration. In the latest version of pyPAHdb the matrix is built from version 4.00- α of the library of computed spectra (Maragkoudakis et al. 2025), using pure PAH molecules of different charge states (neutral, cation, and anion PAHs) and sizes (20<NC<384). The emission spectrum was calculated utilising the ‘cascade’ emission model using an excitation energy of 7 eV, and each transition was convolved with a Gaussian emission profile with a full width at half maximum of 15.0 cm−17. Given that PAHs absorb an average photon energy of 8.1 eV at the IF (Knight et al. 2021) and the average absorbed photon energy decreases as the radiation field is attenuated as we progress into the PDR, we adopted an average photon energy of 7 eV for our analysis.
pyPAHdb returns the breakdown of the contributing PAHs in the fit in terms of the PAH charge and size. Specifically, the PAH charge breakdown provides the fractional contribution of the neutral, cationic, and anionic PAHs to the total PAH emission, while the PAH size breakdown provides the fractional contribution of the small (NC ≤ 50), medium (50<NC ≤ 70), and large (NC>70) PAHs in the fit. pyPAHdb has been especially geared to work with spectral mosaics and, as such, it also delivers maps of the cation-to-neutral fractions and the weighted average NC from the fitting weights of the contributing PAHs in the fit.
Modelling with pyPAHdb was performed on both the entire MIRI-MRS mosaic and the template spectra of the five key physical zones of the PDR. Figure 2 shows an example of the PAH charge and size breakdown of the APDR and DF3 template regions, and plots of the remaining regions are presented in Appendix B (Figure B.1). The figure demonstrates the high level of detail that the modelling is able to reproduce (see also Maragkoudakis et al. 2025), and reiterates the effect of charge on a PAH’s spectrum whereby the bulk of the intensity shifts from the 11–14 to the 6–9 μm region upon ionisation (Allamandola et al. 1999). Figures 3 and 4 present the different maps of the PAH charge breakdown and the PAH size, respectively. The maps of the PAH ionisation parameter (γ; see Section 3.2) and weighted average NC are shown in Figures 5 and 6, respectively. The map of the modelling error (σpyPAHdb) is presented in Appendix A (Figure A.1), which is typically between 10−15%. All results need to be considered within the limits of the employed (pyPAHdb) modelling and its sensitivity to parameter choices. Such aspects (e.g. different excitation energies, emission models, line profiles, and PAHdb library versions) have been thoroughly explored previously, in for example Andrews et al. (2015) and Maragkoudakis et al. (2025), and provide confidence in the overall approach.
	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 PAH size (top sub-panels) and charge breakdown (bottom sub-panels) for the spectral templates of the APDR (left) and DF3 (right). Observations are shown in black and the total fit in red, and the separate breakdown components are given in the legend of each panel.



2.5 PAH band measurements
Measurement of the PAH band strengths was performed on the pure PAH emission spectra by integrating the flux within defined wavelength intervals. The wavelength regions were determined by visual inspection after overplotting the PAH emission spectra of the five key physical regions (Figure 7). This method, while not necessarily as precise as a multi-component decomposition (e.g. Van De Putte et al. 2025; Khan et al. 2025a), has the advantage of capturing the bulk of the PAH emission, providing a good estimate of the PAH band intensity ratios efficiently for the ∼8 500 pixels that span the entire mosaic. Figure 8 presents the PAH intensity maps of the I6.2, I7.7, I8.6, and I11.2 μm bands, and Figure 9 the maps of the I6.2/I11.2, I7.7/I11.2, and I8.6/I11.2, PAH band intensity ratios. We have also obtained the I3.3 and I3.3/I11.2 maps from Schefter et al., (in prep.).
	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 PAH charge breakdown maps. The map of neutral PAHs is shown in the top panel, the PAH cations map in the middle panel, and the PAH anions map in the bottom panel. The colour bar shows the respective charge fractions, and for each map the range is scaled between the 0.5% and 99.5% percentiles. The colour map has been chosen to emphasise structure.



3 Results
3.1 PAH charge and size across the Orion Bar
Figure 3 presents the maps of the PAH charge breakdown, i.e. the fractional contribution of the neutral (fneut), cation (fcat), and anion (fan) PAHs to the total PAH emission. It is clear from Figure 3 that the dominant charge state changes across the FoV, with neutral PAHs dominating in the line of sight towards the H ii region, cationic PAHs in the APDR, and anionic PAHs in the molecular PDR. The PAH emission in the line of sight towards the H ii region is actually originating from the background face-on PDR in OMC-1 (e.g. Peeters et al. 2024). In this region, approximately 40%−55% of the total PAH emission is due to neutral PAHs, ∼ 45%−60% due to PAH cations, and ∼ 5% due to PAH anions. The PAH emission in the APDR is dominated by cations (60%−70%), followed by neutrals (25%), and then anions (10%−15%). Moving towards DF1, and into DF2 and DF3 zones, where the flux of FUV photons is significantly attenuated (Peeters et al. 2024; Habart et al. 2024), fneut increases progressively from 25% to 40%, while fcat decreases from 60% to 45%, and fan makes its maximum contribution (up to 20%) in the DF3 region. In the region beyond DF3, fneut is ∼ 30−40%, fcat is ∼ 50−65%, and fan reaches up to ∼ 20%. The peak of PAH anion emission is observed deep within the DF2 and DF3 zones. As the FUV radiation is more attenuated deeper into the PDR, a change in the charge balance is expected, such as an increase in neutral and anionic PAHs (Bakes & Tielens 1994), although anions are expected to be present deeper within the molecular cloud.
The PAH size breakdown maps (Figure 4) present the fractional contribution of small (fsmall), medium (fmed), and large (flarge) PAHs to the total PAH emission, revealing regions where the different PAH size classes have a prevalent contribution. Large PAHs (NC > 70) contribute overall between ∼ 20−40%, with the highest flarge found in the H ii region close to the IF, between DF1 and DF3, and beyond DF3. Medium-sized PAHs (50<NC ≤ 70) contribute ∼ 10−50% to the total PAH emission. 40−50% of fmed is found in the H ii region and the APDR region closest to the IF, while the lowest contribution (∼ 20−25%) is between DF2 and DF3. The smaller PAHs (NC ≤ 50) make a ∼ 25−50% contribution to the total PAH emission. The highest fsmall(45−50%) is observed between DF2 and DF3, deep within the molecular cloud where small PAHs are less prone to photodissociation, and the lowest contribution (25−30%) is seen in the H ii region.
	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 PAH size breakdown maps. The map of large PAHs (NC<70) is shown in the top panel, the medium-sized PAHs (50<NC ≤ 70) map in the middle panel, and the small PAHs (NC ≤ 50) in the bottom panel. The colour bar shows the respective size fractions, and for each map the range is scaled between the 0.5% and 99.5% percentiles.



	[image: Thumbnail: Fig. 5 Refer to the following caption and surrounding text.]	Fig. 5 Map of the PAH ionisation parameter (γ) obtained from the pyPAHdb modelling. White lines indicate the IF and the three DFs.



	[image: Thumbnail: Fig. 6 Refer to the following caption and surrounding text.]	Fig. 6 Map of the average NC obtained from pyPAHdb modelling. White lines indicate the IF and the three DFs.



	[image: Thumbnail: Fig. 7 Refer to the following caption and surrounding text.]	Fig. 7 Wavelength regions adopted for the measurement of the different PAH emission intensities, as deduced from the five spectral templates. The wavelength intervals are defined as follows: PAH6.2 μm: 6.0−6.6 μm; PAH7.7 μm: 7.0−8.2 μm; PAH8.6 μm: 8.2−9.15 μm; and PAH11.2 μm: 11.1− 11.7 μm.



3.2 The PAH ionisation parameter (γ)
The ionisation parameter, γ, provides a description of the PAH ionisation balance as a function of local physical parameters, in particular the intensity of the radiation field (G0), the gas temperature (Tgas), and the electron density (ne). When assuming two accessible ionisation states and parameters applicable for circumcoronene (C54 H12), which is considered representative of an average interstellar PAH (NC=50−100; Croiset et al. 2016), the PAH ionisation parameter can be expressed as
[image: Mathematical equation: $\gamma \equiv\left(G_{0} \times \sqrt{T_{\mathrm{gas}}}\right)/n_{\mathrm{e}}=2.66\left(\frac{n_{\mathrm{PAH}^{+}}}{n_{\mathrm{PAH}^{0}}}\right)\left[\times 10^{4} \mathrm{~K}^{1/2} \mathrm{~cm}^{3}\right],$](1)
where nPAH+ and nPAH0 are the PAH cation and neutral densities, which correspond to fcat and fneut, respectively, as determined from the pyPAHdb modelling (Tielens 2005; Boersma et al. 2014).
Figure 5 presents the map of γ. Values are ranging between 2- 9 × 104 K1/2 cm3. γ peaks in the APDR region between the IF and DF1 (6−8.5 × 104 K1/2 cm3), where fcat is the highest and fneut lowest (Figures 3 4). Between DF1 and DF2, γ is ∼ 5 × 104 K1/2 cm3, dropping to ∼ 4 × 104 K1/2 cm3 beyond DF2, and has the lowest value (∼ 3 × 104 K1/2 cm3) in the zone from the IF towards θ1 Ori C, which consists of emission originating from the background face-on PDR.
	[image: Thumbnail: Fig. 8 Refer to the following caption and surrounding text.]	Fig. 8 Maps of the 6.2 μm 7.7 μm, 8.6 μm, and 11.2 μm PAH flux (in erg s−1 cm−2). The rectangular apertures of the five template regions are indicated, along with lines for the IF and DFs.



	[image: Thumbnail: Fig. 9 Refer to the following caption and surrounding text.]	Fig. 9 PAH band intensity ratio maps. The rectangular apertures of the five template regions are indicated, along lines for the IF and DFs.



3.3 The average PAH size
Figure 6 presents the map of the average PAH size in terms of [image: Mathematical equation: $\overline{{N}_{C}}$] weighted by their emission contribution to the total emission. [image: Mathematical equation: $\overline{{N}_{C}}$] ranges between 60 and 74 C atoms. It peaks at the IF where small PAHs are less present due to photodissociation (see also Figure 4, bottom panel). From the IF and up to DF2 the [image: Mathematical equation: $\overline{{N}_{C}}$] is ∼ 70 C atoms, and drops to ∼ 62 C atoms in the molecular hydrogen region between DF2 and DF3. In the region beyond DF3 and in the H ii zone, the [image: Mathematical equation: $\overline{{N}_{C}}$] is ∼ 66−470 C atoms.
3.4 Modelling of the five key physical zone spectra
Five key regions have been identified in the NIRSpec (Peeters et al. 2024) and NIRCam (Habart et al. 2024) observations, representative of the key physical zones of the Orion Bar mosaic: the H ii region, the APDR, and three bright H I/H2 DFs (see Figure 8). Here, we perform pyPAHdb modelling of the five MIRI-MRS template spectra (Chown et al. 2024), which are the flux-weighted average of the pixels in the extraction apertures described in Peeters et al. (2024). Table 1 presents derived parameters for the five template spectra, and parameter values of the regions between the key physical zones denoted by the IF and DFs (H ii-IF, APDR-DF1, DF1-DF2, DF2-DF3, and DF3-BDF3). The PAH charge and size breakdowns, including the derivative γ and [image: Mathematical equation: $\overline{{N}_{C}}$] parameters, are in agreement with the ranges of the broader and surrounding regions in the mosaic (Sections 3.1–3.3 and Table 1) in which the five regions reside.
3.5 PAH band strengths and relative intensities
Empirical calibrations involving the intensities of PAH emission bands sensitive to charge and size have been used to trace the charge state and size distribution of PAHs within and among astronomical sources. Such calibrations can be determined from models with assumptions on the PAH size distribution, the stochastic heating of PAHs, the absorption efficiencies, and so on (e.g. Schutte et al. 1993; Draine & Li 2007; Galliano et al. 2008; Stock et al. 2016; Draine et al. 2021), or derived without such assumptions from the ground up, from quantum-chemically computed spectra of PAH populations with various charge states and sizes (e.g. Cami 2011; Ricca et al. 2012; Boersma et al. 2013, 2015; Andrews et al. 2015; Boersma et al. 2018; Croiset et al. 2016; Maragkoudakis et al. 2020, 2023a,b).
To examine the relation of pyPAHdb-derived parameters (γ, [image: Mathematical equation: $\overline{{N}_{C}}$]) with the PAH intensity ratios employed in empirical calibrations, we have measured the integrated specific surface brightnesses (‘surface brightnesses’ hereafter) of the main PAH bands at 6.2, 7.7, 8.6, and 11.2 μm (Section 2.5), and generated their intensity maps, shown in Figure 8. We note that the wavelength region used to measure the I8.6 may include contribution from weaker features at 8.223 and 8.330 μm (Chown et al. 2024), which can be more prominent in the APDR region (Figure 7). These maps were then used to construct I6.2/I11.2, I7.7/I11.2, and I8.6/I11.2 PAH intensity ratio maps (Figure 9).
The surface brightness of all the PAH bands peaks within the APDR zone (Peeters et al. 2024; Habart et al. 2024; Pasquini et al. 2024; Khan et al. 2025a, Schefter et al., in prep.; Khan et al. 2025b), between the IF and DF1, gradually decreasing towards the molecular cloud region. Despite this gradual drop in surface brightness, all bands have relatively elevated values on the DF3 boundary compared to its immediate surrounding regions. Regions of weaker emission are found in the H ii zone and beyond DF3. The surface brightness in these regions decreases compared to the APDR by a factor of ∼ 10 in the case of the I6.2 and I8.6 surface brightness, and by a factor of ∼ 5−6 for the I7.7 and I11.2 surface brightness. Similar trends are observed in the I6.2/I11.2, I7.7/I11.2, I8.6/I11.2 PAH surface brightness ratio maps (Figure 9). The PAH surface brightness ratios peak within the APDR zone, while regions with lower values are in zones beyond DF3 and in the H ii region.
Table 1 
pyPAHdb derived parameters for the five template spectra (H ii APDR, DF 1, DF 2, and DF 3) and average parameter values of the regions between the key physical zones (H ii-IF, APDR-DF1, DF1-DF2, DF2-DF3, and DF3-BDF3).

3.6 γ-PAH intensity ratio calibrations
The pyPAHdb-determined ionisation parameter, γ, is compared against empirical tracers of PAH ionisation, i.e. the I6.2/I11.2, I7.7/I11.2, and I8.6/I11.2 relative PAH band intensity ratios (Figure 10). A linear relation between γ and the empirical tracers is observed for the majority of regions (pixels) across the mosaic. Colour-coding of the γ-PAH intensity ratio correlation as a function of the distance from the edge of the mosaic, indicative of the distance from θ1 Ori C, reveals a dependence of this correlation on distance, i.e. within the different physical regions. The bottom panels of Figure 10 show the correlation for the individual pixels of each template region.
The H II and APDR regions span a wide range in γ and PAH intensity ratios, with both quantities increasing from the H II zone towards and across the APDR. Both regions present similar γ−I6.2/I11.2 and γ−I7.7/I11.2 correlations (γ−I6.2,7.7/I11.2). Pixels located in the region between the IF and DF1, but outside the APDR template, form a distinctive sequence from the H ii and APDR template regions (Figure 10, bottom panels). Specifically, the γ−I6.2,7.7/I11.2 relations in the regions following the APDR and towards the DFs, including DF1, have a shallower slope from the corresponding correlations in the APDR–H ii regions, with γ and the I6.2,7.7/I11.2 ratios decreasing with the distance from the Bar. These regions maintain linear correlations among γ–I6.2, 7.7/I11.2, offset from the APDR–H ii template sequence, and with a somewhat larger scatter in the γ−I7.7/I11.2 case. The correlations of the regions starting from the edge of the mosaic (towards θ1 Ori C) and up to the DF1 are less separated in the γ−I8.6/I11.2 case, although with more scatter compared to the γ−I6.2,7.7/I11.2 correlations.
Moving from DF1 towards the DF2 and DF3 regions, the correlations between γ and the PAH ionisation proxies (IX/I11.2) begin to break. However, the pixels in the regions beyond DF3 (dark red pixels in Figure 10) exhibit a linear γ−IX/I11.2 correlation, albeit with a large scatter. In the γ−I6.2,7.7/I11.2 case, those pixels have a similar correlation with the pixels between the IF and DF1, excluding the APDR template region, while in the γ–I8.6/I11.2 case they appear in line with the correlation for the H II to DF1 pixels.
3.7 The NC−I3.3/I11.2 relation
The average number of carbon atoms NC retrieved from the pyPAHdb modelling of the 5−15 μm observations is compared against the well-defined I3.3/I11.2 empirical tracer for PAH size (e.g. Schutte et al. 1993; Ricca et al. 2012; Croiset et al. 2016; Maragkoudakis et al. 2020; Knight et al. 2021; Maragkoudakis et al. 2023a,b). For the comparison, we incorporate the PAH 3.3 μm measurements from Schefter et al. (in prep.) and show the I3.3/I11.2−[image: Mathematical equation: $\overline{{N}_{C}}$] correlation for the five key physical zones (Figure 11) along with contours for pixels within three standard deviations from the mean in each template region. Moving from the DF3 region towards the APDR, the relative I3.3/I11.2 PAH intensity gradually decreases (Schefter et al., in prep.), which follows an increase in [image: Mathematical equation: $\overline{{N}_{C}}$] (Figure 6). Towards the IF, smaller PAHs become more prone to photodissociation, resulting in a decrease in the I3.3 intensity and an increase in [image: Mathematical equation: $\overline{{N}_{C}}$], as intermediate to large PAHs become more abundant (Figure 4). The H II region, where PAH emission originates from the background face-on PDR, diverges from the observed correlation. While the H II region contours of the 3 σ pixels overlap with the DF1 and APDR contours, the average I3.3/I11.2 value of the H II template is lower, driven by outliers outside the 3 σ cut-off. The unique behaviour of PAH emission in the H II region has been previously noted (Khan et al. 2025a) and may be attributed to geometric effects or differences in the characteristics of the UV field at the IF (Peeters et al. 2024).
The observed I3.3/I11.2−[image: Mathematical equation: $\overline{{N}_{C}}$] correlation is the product of the intrinsic response of different-sized PAHs to the UV field, where larger PAHs are contributing most of their emission at longer wavelengths and smaller PAHs are contributing predominantly to the emission at shorter wavelengths (Allamandola et al. 1989; Schutte et al. 1993). Therefore, PAH bands with large wavelength separation and of the same charge state (neutral) can effectively trace the different ends of the PAH size distribution, and can therefore describe [image: Mathematical equation: $\overline{{N}_{C}}$]. The I3.3/I11.2 ratio is a particularly good tracker of PAH size because both bands are due to CH stretches and arise primarily from neutral PAHs. Using the Maragkoudakis et al. (2020) PAH charge–size grid, we can obtain a fitting-independent description of the size distribution of PAHs in the five template regions (Figure 12). The [image: Mathematical equation: $\overline{{N}_{C}}$] of the template regions gradually increases moving from the DF3 to the H II region, as the I11.2/I3.3 ratio increases (I3.3/I11.2 decreases). The [image: Mathematical equation: $\overline{{N}_{C}}$] values were calculated as the average NC recovered from the ‘25% Neutral + 75% Cation’ and ‘Cation’ tracks of the charge-size grid (Maragkoudakis et al. 2020, their Eq. (3)) in which the template regions reside. Specifically, the [image: Mathematical equation: $\overline{{N}_{C}}$] values for the five template regions are H II: [image: Mathematical equation: $\overline{{N}_{C}}$]=67, APDR: [image: Mathematical equation: $\overline{{N}_{C}}$]=64, DF 1: [image: Mathematical equation: $\overline{{N}_{C}}$]=62, DF 2: [image: Mathematical equation: $\overline{{N}_{C}}$]=55, DF 3: [image: Mathematical equation: $\overline{{N}_{C}}$]=50. The [image: Mathematical equation: $\overline{{N}_{C}}$] recovered from pyPAHdb modelling, in the absence of the 3.3 μm PAH band, shows similar scaling with the I3.3/I11.2, i.e. increasing with decreasing I3.3/I11.2, as in the charge–size grid (apart from the H ii region; see previous paragraph). The [image: Mathematical equation: $\overline{{N}_{C}}$] values returned from pyPAHdb (Table 1 and Figure 11) and those from observational PAH ratio proxies (I3.3/I11.2) in conjunction with PAHdb models (e.g. Maragkoudakis et al. 2020, 2023a,b) are expected to show differences, given the additional information on the small end of the PAH size distribution obtained from the 3.3 μm band intensity in the latter case and fundamentally using different sets of PAH spectra for both modelling approaches. In addition, extinction may affect the measured I11.2/I3.3 intensity ratio, with extinction-corrected values potentially shifting the deduced [image: Mathematical equation: $\overline{{N}_{C}}$] to lower values in the charge-size diagram. Nevertheless, a comparison of the [image: Mathematical equation: $\overline{{N}_{C}}$] recovered by pyPAHdb between different regions provides a consistent description of the size variation in PAHs among these regions (Figures 11 and 12).
	[image: Thumbnail: Fig. 10 Refer to the following caption and surrounding text.]	Fig. 10 Correlations between the different empirical PAH ionisation proxies (I6.2/I11.2, left panels; I7.7/I11.2, middle panels; I8.6/I11.2, right panels) and the PAH ionisation parameter (γ) deduced from pyPAHdb modelling. In the top panels, the pixels are colour-coded based on their vertical distance from the edge of the mosaic, which is indicative of the projected distance from θ1 Ori C. In the bottom panels, pixels corresponding to each of the five key physical regions are assigned a specific colour (H ii in green, APDR in red, DF1 in blue, DF2 in orange, and DF3 in pink), with the average values from each template indicated with a different symbol. Pixels outside the five zones are shown in grey.



	[image: Thumbnail: Fig. 11 Refer to the following caption and surrounding text.]	Fig. 11 Correlation between the I3.3/I11.2 PAH size proxy and [image: Mathematical equation: $\overline{{N}_{C}}$] deduced from pyPAHdb modelling for the five key physical regions. Equidistant contours are drawn up to 3 sigma from the mean value in each template region. Contour labels indicate pixel density, i.e. points per I3.3/I11.2 per [image: Mathematical equation: $\overline{{N}_{C}}$]. Region means within 3 standard errors of the mean uncertainty are shown.



	[image: Thumbnail: Fig. 12 Refer to the following caption and surrounding text.]	Fig. 12 PAH charge-size grid (Maragkoudakis et al. 2020) providing an alternative, fitting-independent description to the charge state and [image: Mathematical equation: $\overline{{N}_{C}}$] of the five key physical regions.



4 Discussion
The NASA Ames pyPAHdb is a convenient and efficient spectral modelling tool focused on the analysis of JWST spectral mosaics. It provides the means to model the PAH emission spectrum of astronomical sources using emission spectra of individual PAHs. pyPAHdb delivers maps of the different PAH charge states and size components from the PAH molecules contributing to the fit, along with maps of the PAH ionisation parameter γ and [image: Mathematical equation: $\overline{{N}_{C}}$]. Utilising pyPAHdb, we have modelled 5− 15 μm PAH emission spectra across the Orion Bar, obtained from the decomposition of the PDRs4All MIRI-MRS mosaic observations, revealing the fractional contribution of different PAH charge states and different-sized PAHs to the total PAH emission.
With a larger influx of UV photons at the edge of the PDR, PAH cations are expected to be at a higher concentration in the APDR zone following the IF, gradually decreasing towards the molecular cloud zone as UV photons become attenuated, and consequently the concentration of neutral PAHs increases. pyPAHdb modelling supports this picture, where the peak of the fractional contribution of PAH cations is found in the APDR zone and neutral PAHs make a minimum contribution. Accordingly, high fneut values are observed in the face-on emission of the H II region and background molecular cloud regions past DF2, where UV photons are sufficiently attenuated to decrease the rate of PAH ionisation. Further corroboration is found from the peak of PAH anion emission, which is observed deep within the DF2 and DF3 zones. The higher fractions of PAH cations (and lower fractions of PAH anions) in BDF3 than towards DF3 further support the hypothesis that a significant component of PAH emission towards BDF3 may arise from layers not directly associated with the Bar itself.
In regions of high radiation field intensities, photodissociation and photodestruction of small PAHs is expected to actively take place (e.g. Joblin et al. 1996; Berné et al. 2015; Peeters et al. 2024; Chown et al. 2024). pyPAHdb modelling results affirm this, with the peak of the fractional contribution of NC ≤ 50 PAHs found between the DF2 and DF3 zones, and their lowest contribution in the IF and H ii region. Overall, small and medium-sized PAHs make up ∼ 70% of the PAH emission across the mosaic, while ∼ 30% is due to large PAHs. In general, the PAH size distribution will be shaped by the interplay between processes such as destruction, fragmentation, and bottom-up formation of PAH molecules. The magnitude of each process will vary depending on the chemical and physical conditions in the local environment, i.e. PAH destruction will be more prevalent in the H II region and the IF, followed by photodissociation and/or fragmentation (or top-down formation, e.g. Cesarsky et al. 2000; Berné et al. 2007; Pilleri et al. 2012) whereby larger PAHs, or small carbonaceous grains, are fragmented to produce medium-sized PAHs, which in turn produce smaller PAHs. This succession can be observed at the border of the IF in the PAH size breakdown maps (Figure 4), where: flar peaks before the IF, fmed is high at the PDR right after the IF, and fsm gradually increases within the APDR zone compared to the H ii zone and IF. The transient presence of trace amounts of C2H in the APDR (Goicoechea et al. 2025) provides further support for photodestruction of PAHs in this region, as laboratory experiments show that photodestruction of PAHs produces C2H2 (Jochims et al. 1994; Ekern et al. 1998; Zhen et al. 2015) and photodissociation of C2H2 produces C2H (Cheng et al. 2011; Heays et al. 2017). Within the APDR and up to the DF2 the size distribution is balanced with an even contribution (30−35%) from different-sized molecules. Beyond DF2, where photodissociation or fragmentation are less likely to occur due to the drop in the UV intensity, a bottom-up PAH formation may take place, whereby intermediate and large PAHs are formed, at different rates, from the pool of NC ≤ 50 PAHs and by the enhanced abundances of small hydrocarbon radicals (e.g. Goicoechea et al. 2025). This can be seen in the PAH size breakdown maps (Figure 4) between DF2 and DF3, and especially at DF3.
The derived γ across the mosaic ranges between ∼ 2−9 × 104 K1/2 cm−3, which fall between the values reported by Berné et al. (2022a) of (0.7−2.0 × 104) K1/2 cm−3 based on model results from Joblin et al. (2018), and 10.4 × 104 K1/2 cm−3 derived from the NIRSpec observations (Peeters et al. 2024). At the IF γ is on average 4.4 × 104 K1/2 cm−3, which is in agreement with Salgado et al. (2016) (γ=4 × 104 K1/2 cm−3), who assumed a constant temperature (Tgas=500 K) and electron density (ne=15 cm−3), with G0 estimated from the incident radiation field attenuated in the Bar. Similarly at the position of the H2 peak, roughly at DF3, Salgado et al. (2016) reported γ=1.5 × 104 K1/2 cm−3 and pyPAHdb analysis derived γ=3.5 × 104 K1/2 cm−3. The derived γ in this work is dependent on the adopted multiplication factor for the density ratio of cation to neutral PAHs (Eq. (1)), which in this case is taken for circumcoronene (NC=54). Although the average PAH size across the mosaic is somewhat similar, [image: Mathematical equation: $\overline{{N}_{C}}$] = 67, applying a single factor for a distribution of PAH sizes may be less appropriate, explaining perhaps some of the variation in γ with the previous works.
Currently, pyPAHdb can very successfully model the 5–15 μm JWST PAH spectrum. The inclusion of the 3.3−3.4 μm bands for simultaneous modelling of the 3−15 μm PAH spectrum would allow the carriers at the low end of the PAH size distribution to be sampled in more detail. Modelling of these shorter wavelength bands at 3.3−3.4 μm requires implementation of anharmonic vibrational spectroscopy of PAHs (Esposito et al. 2024a)8. The term ‘anharmonicity’ as used here refers to the inclusion of higher-order terms (e.g. cubic and quartic) in the vibrational calculation that lead to more accurate vibrational frequencies as well as the treatment of resonances and mode coupling that redistributes band intensities and introduces new bands (e.g. at 5.25 and 5.7 μm Boersma et al. 2009). Indeed, it has been shown that the positions and profiles of the astronomical 3.3 and 3.4 μm bands can only be reproduced with treatment of anharmonicity in the computations (Mackie et al. 2016; Maltseva et al. 2018). Furthermore, the weak but many overtone and combination bands produce a so-called PAH-continuum that spans 3−5 μm and anharmonic results also suggest that the separation of the 3.3−3.4 μm aromatic and aliphatic PAH features is less straightforward than initially thought (Allamandola et al. 2021; Boersma et al. 2023; Esposito et al. 2024b). Together, this severely complicates analysing the astronomical 3−6 μm PAH spectrum. Nonetheless, at first order, sampling of the lower end of the PAH size distribution via the 3.3 μm PAH feature would provide additional constraints in the pyPAHdb-derived PAH size determinations.
The I6.2/I11.2, I7.7/I11.2, and I8.6/I11.2 PAH intensity ratios, which are empirical tracers of PAH ionisation, scale extremely well with γ (Figure 10). This correlation is effectively linear for PAH emission in the H ii zone (which emanates from the background face-on PDR), the APDR zone, across DF1 and up to DF2. Two separate linear branches are seen in the γ−I6.2,7.7/I11.2 relations, which include: i) regions in the H ii zone and the APDR template (bottom branch); ii) regions in the APDR zone (excluding the APDR template) and up to the DF2, as well as regions beyond DF3 (top branch). In the γ−I8.6/I11.2 case, the two branches are absent (or merged). Such variation in the γ−IX/I11.2 relations, i.e. the presence (or absence) of branches, is the result of variation in the PAH intensity ratios in the different zones, which could reflect variations in the carriers of the 6.2, 7.7, and 8.6 μm emission, but also variations due to extinction (Peeters et al. 2024). In the molecular cloud zone, between DF2 and DF3, γ and IX/I11.2 do not correlate. This marks a distinction between PAH ionisation as traced empirically and via spectral modelling, in regions of dominant PDR emission (H ii, APDR, and potentially part of the BDF3 zones) and regions within the molecular cloud. Within the DF2-DF3 zones, the PAH intensity ratios have the largest variation (Figure 9) when compared to the other zones, whereas γ estimated from pyPAHdb modelling has a confined range at lower values (between 3−4.5 × 104) in comparison to zones closer to the IF. This is a clear case in which empirical tracers involving PAH intensity ratios of two bands cannot efficiently describe PAH ionisation, whereas modelling of the entire 5−15 μm PAH spectrum provides a detailed characterisation of the net contribution of neutral and cationic PAHs within the different PAH bands.
5 Conclusions
Using the NASA Ames pyPAHdb spectral modelling tool, we have modelled 5−15 μm PAH emission spectra across the PDRs4All Orion Bar MIRI-MRS mosaic, including the five key physical zones, i.e. the H ii region, the APDR, and the three bright H i/H2 DFs (DF1, DF2, and DF3) corresponding to three molecular hydrogen (H2) filaments. The main conclusions from our work are summarised below:

	(i) Cationic PAH emission peaks in the APDR region (60–70%), where neutral PAHs make a minimal contribution (up to ∼ 25%). Emission from neutral PAHs peaks in the line of sight towards the H ii region (40−50%), originating in a background face-on PDR, and from the underlying molecular cloud regions past DF2 (∼ 40%). The PAH anions are observed (up to ∼ 20%) deep within the DF2 and DF3 zones. The PAH ionisation parameter, γ, ranges between ∼ 2−9 × 104 across the mosaic;


	(ii) Small (NC ≤ 50) and medium (50<NC ≤ 70)-sized PAHs make up ∼ 70% of the PAH emission across the mosaic, with the peak of the small PAH emission (45%−50%) found between DF2 and DF3. The average PAH size NC across the Orion Bar ranges between ~60-74;


	(iii) The fractional PAH charge and size breakdown from pyPAHdb modelling reveals regions of likely top-down PAH formation at the IF, and bottom-up PAH formation within the molecular cloud region;


	(iv) The derived average PAH size NC in the different physical zones is consistent with a scenario in which PAHs are being more extensively subjected to ultraviolet processing closer to the IF, and less within the molecular cloud;


	(v) Empirical tracers for PAH ionisation scale well with γ in regions dominated by PDR emission, but their correlation weakens within the molecular cloud zone. Therefore, modelling of the 5−15 μm PAH spectrum with pyPAHdb achieves comprehensive characterisation of the net contribution of neutral and cationic PAHs across different environments, whereas empirical PAH intensity ratio tracers can be highly variable and less reliable outside regions dominated by PDR emission.





Data availability
The dataset maps are available at the CDS via https://cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/709/A38
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2 https://www.astrochemistry.org/pahdb


3 https://pahdb.github.io


4 https://pybaselines.readthedocs.io


5 https://github.com/PAHdb/pyPAHdb


6 https://github.com/PAHdb/AmesPAHdbPythonSuite


7 The effects of different modelling configurations and PAHdb library versions on the results have been extensively examined in Maragkoudakis et al. (2025).


8 Anharmonic spectra of PAHs are to be added to PAHdb in a forthcoming release.




Appendix A  pyPAHdb modelling error
The pyPAHdb modelling error (σpyPAHdb) is quantified as the ratio between the integrals of the absolute residuals over that of the absolute input spectrum (e.g. Bauschlicher et al. 2018; Maragkoudakis et al. 2022, 2025). The map of σpyPAHdb is presented in Figure A.1. Regions of relatively high σpyPAHdb (>0.30) are seen in the 203-504 proplyd and part of the H ii region, whereas the mean σpyPAHdb is 0.13 ± 0.03, similarly to the average modelling error ([image: Mathematical equation: $\overline{{\sigma}_{pyPAHdb}}$]=0.16) obtained for nearby galaxies (Maragkoudakis et al. 2025).
	[image: Thumbnail: Fig. A.1 Refer to the following caption and surrounding text.]	Fig. A.1 The pyPAHdb modelling error (σpyPAHdb) map.




Appendix B  pyPAHdb modelling of the five key physical zones
Modelling to the weighted averaged (template) spectrum of each of the five key physical zones was performed with pyPAHdb (Section 3.4). The plots of the PAH charge and size breakdown for the APDR and DF3 regions are presented in Figure 2 and for the HII, DF1, and DF3 regions in Figure B.1.
	[image: Thumbnail: Fig. B.1 Refer to the following caption and surrounding text.]	Fig. B.1 The pyPAHdb PAH size and charge breakdown of the spectral templates of the H ii (top), DF1 (middle), and DF2 (bottom) regions. Observations are shown in black, total fit in red, and the separate breakdown components are given in the legend of each panel. The fractions of the large PAH contributing to the fit and the cation-to-neutral PAHs ratio are provided as labels.
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Table 1 
pyPAHdb derived parameters for the five template spectra (H ii APDR, DF 1, DF 2, and DF 3) and average parameter values of the regions between the key physical zones (H ii-IF, APDR-DF1, DF1-DF2, DF2-DF3, and DF3-BDF3).
In the text

All Figures
	[image: Thumbnail: Fig. 1 Refer to the following caption and surrounding text.]	Fig. 1 Spectral decomposition of the five Orion Bar template spectra in the 5−15 μm wavelength region. The template spectra are shown in blue, the spectrum after the emission lines removal is shown in orange, the fitted baseline in green, and the resulting isolated PAH emission spectrum in red.
In the text



	[image: Thumbnail: Fig. 2 Refer to the following caption and surrounding text.]	Fig. 2 PAH size (top sub-panels) and charge breakdown (bottom sub-panels) for the spectral templates of the APDR (left) and DF3 (right). Observations are shown in black and the total fit in red, and the separate breakdown components are given in the legend of each panel.
In the text



	[image: Thumbnail: Fig. 3 Refer to the following caption and surrounding text.]	Fig. 3 PAH charge breakdown maps. The map of neutral PAHs is shown in the top panel, the PAH cations map in the middle panel, and the PAH anions map in the bottom panel. The colour bar shows the respective charge fractions, and for each map the range is scaled between the 0.5% and 99.5% percentiles. The colour map has been chosen to emphasise structure.
In the text



	[image: Thumbnail: Fig. 4 Refer to the following caption and surrounding text.]	Fig. 4 PAH size breakdown maps. The map of large PAHs (NC<70) is shown in the top panel, the medium-sized PAHs (50<NC ≤ 70) map in the middle panel, and the small PAHs (NC ≤ 50) in the bottom panel. The colour bar shows the respective size fractions, and for each map the range is scaled between the 0.5% and 99.5% percentiles.
In the text



	[image: Thumbnail: Fig. 5 Refer to the following caption and surrounding text.]	Fig. 5 Map of the PAH ionisation parameter (γ) obtained from the pyPAHdb modelling. White lines indicate the IF and the three DFs.
In the text



	[image: Thumbnail: Fig. 6 Refer to the following caption and surrounding text.]	Fig. 6 Map of the average NC obtained from pyPAHdb modelling. White lines indicate the IF and the three DFs.
In the text



	[image: Thumbnail: Fig. 7 Refer to the following caption and surrounding text.]	Fig. 7 Wavelength regions adopted for the measurement of the different PAH emission intensities, as deduced from the five spectral templates. The wavelength intervals are defined as follows: PAH6.2 μm: 6.0−6.6 μm; PAH7.7 μm: 7.0−8.2 μm; PAH8.6 μm: 8.2−9.15 μm; and PAH11.2 μm: 11.1− 11.7 μm.
In the text



	[image: Thumbnail: Fig. 8 Refer to the following caption and surrounding text.]	Fig. 8 Maps of the 6.2 μm 7.7 μm, 8.6 μm, and 11.2 μm PAH flux (in erg s−1 cm−2). The rectangular apertures of the five template regions are indicated, along with lines for the IF and DFs.
In the text



	[image: Thumbnail: Fig. 9 Refer to the following caption and surrounding text.]	Fig. 9 PAH band intensity ratio maps. The rectangular apertures of the five template regions are indicated, along lines for the IF and DFs.
In the text



	[image: Thumbnail: Fig. 10 Refer to the following caption and surrounding text.]	Fig. 10 Correlations between the different empirical PAH ionisation proxies (I6.2/I11.2, left panels; I7.7/I11.2, middle panels; I8.6/I11.2, right panels) and the PAH ionisation parameter (γ) deduced from pyPAHdb modelling. In the top panels, the pixels are colour-coded based on their vertical distance from the edge of the mosaic, which is indicative of the projected distance from θ1 Ori C. In the bottom panels, pixels corresponding to each of the five key physical regions are assigned a specific colour (H ii in green, APDR in red, DF1 in blue, DF2 in orange, and DF3 in pink), with the average values from each template indicated with a different symbol. Pixels outside the five zones are shown in grey.
In the text



	[image: Thumbnail: Fig. 11 Refer to the following caption and surrounding text.]	Fig. 11 Correlation between the I3.3/I11.2 PAH size proxy and [image: Mathematical equation: $\overline{{N}_{C}}$] deduced from pyPAHdb modelling for the five key physical regions. Equidistant contours are drawn up to 3 sigma from the mean value in each template region. Contour labels indicate pixel density, i.e. points per I3.3/I11.2 per [image: Mathematical equation: $\overline{{N}_{C}}$]. Region means within 3 standard errors of the mean uncertainty are shown.
In the text



	[image: Thumbnail: Fig. 12 Refer to the following caption and surrounding text.]	Fig. 12 PAH charge-size grid (Maragkoudakis et al. 2020) providing an alternative, fitting-independent description to the charge state and [image: Mathematical equation: $\overline{{N}_{C}}$] of the five key physical regions.
In the text



	[image: Thumbnail: Fig. A.1 Refer to the following caption and surrounding text.]	Fig. A.1 The pyPAHdb modelling error (σpyPAHdb) map.
In the text



	[image: Thumbnail: Fig. B.1 Refer to the following caption and surrounding text.]	Fig. B.1 The pyPAHdb PAH size and charge breakdown of the spectral templates of the H ii (top), DF1 (middle), and DF2 (bottom) regions. Observations are shown in black, total fit in red, and the separate breakdown components are given in the legend of each panel. The fractions of the large PAH contributing to the fit and the cation-to-neutral PAHs ratio are provided as labels.
In the text





    
      Fig. 1 

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

      
        Spectral decomposition of the five Orion Bar template spectra in the 5−15 μm wavelength region. The template spectra are shown in blue, the spectrum after the emission lines removal is shown in orange, the fitted baseline in green, and the resulting isolated PAH emission spectrum in red.

      

    

  
    
      Fig. 2 

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

      
        PAH size (top sub-panels) and charge breakdown (bottom sub-panels) for the spectral templates of the APDR (left) and DF3 (right). Observations are shown in black and the total fit in red, and the separate breakdown components are given in the legend of each panel.

      

    

  
    
      Fig. 3 

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

      
        PAH charge breakdown maps. The map of neutral PAHs is shown in the top panel, the PAH cations map in the middle panel, and the PAH anions map in the bottom panel. The colour bar shows the respective charge fractions, and for each map the range is scaled between the 0.5% and 99.5% percentiles. The colour map has been chosen to emphasise structure.

      

    

  
    
      Fig. 4 

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

      
        PAH size breakdown maps. The map of large PAHs (NC<70) is shown in the top panel, the medium-sized PAHs (50<NC ≤ 70) map in the middle panel, and the small PAHs (NC ≤ 50) in the bottom panel. The colour bar shows the respective size fractions, and for each map the range is scaled between the 0.5% and 99.5% percentiles.

      

    

  
    
      Fig. 5 

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

      
        Map of the PAH ionisation parameter (γ) obtained from the pyPAHdb modelling. White lines indicate the IF and the three DFs.

      

    

  
    
      Fig. 6 

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

      
        Map of the average NC obtained from pyPAHdb modelling. White lines indicate the IF and the three DFs.

      

    

  
    
      Fig. 7 

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

      
        Wavelength regions adopted for the measurement of the different PAH emission intensities, as deduced from the five spectral templates. The wavelength intervals are defined as follows: PAH6.2 μm: 6.0−6.6 μm; PAH7.7 μm: 7.0−8.2 μm; PAH8.6 μm: 8.2−9.15 μm; and PAH11.2 μm: 11.1− 11.7 μm.

      

    

  
    
      Fig. 8 

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

      
        Maps of the 6.2 μm 7.7 μm, 8.6 μm, and 11.2 μm PAH flux (in erg s−1 cm−2). The rectangular apertures of the five template regions are indicated, along with lines for the IF and DFs.

      

    

  
    
      Fig. 9 

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

      
        PAH band intensity ratio maps. The rectangular apertures of the five template regions are indicated, along lines for the IF and DFs.

      

    

  
    
      Table 1 

      pyPAHdb derived parameters for the five template spectra (H ii APDR, DF 1, DF 2, and DF 3) and average parameter values of the regions between the key physical zones (H ii-IF, APDR-DF1, DF1-DF2, DF2-DF3, and DF3-BDF3).

      
        


	Zone
	fneut
	fcat
	fan
	fsm
	fmed
	flar
	γ
	[image: Mathematical equation: $\overline{{N}_{C}}$]





	H ii
	0.46
	0.51
	0.03
	0.25
	0.43
	0.32
	2.9
	70



	H ii-IF
	0.44
	0.51
	0.05
	0.26
	0.41
	0.32
	2.7
	70



	APDR
	0.29
	0.60
	0.11
	0.30
	0.39
	0.31
	5.5
	71



	APDR-DF1
	0.25
	0.63
	0.12
	0.36
	0.33
	0.31
	6.7
	70



	DF1
	0.30
	0.58
	0.12
	0.35
	0.31
	0.34
	5.1
	69



	DF1-DF2
	0.32
	0.56
	0.12
	0.36
	0.30
	0.34
	4.7
	67



	DF2
	0.36
	0.48
	0.16
	0.42
	0.25
	0.33
	3.6
	63



	DF2-DF3
	0.35
	0.49
	0.16
	0.46
	0.24
	0.30
	3.7
	62



	DF3
	0.36
	0.47
	0.17
	0.47
	0.20
	0.33
	3.5
	62



	BDF3
	0.36
	0.52
	0.12
	0.41
	0.26
	0.33
	3.9
	65





      

      
Notes. From left to right: the fractional contribution of neutral, cation, anion, small, medium, and large PAHs in the fit, the ionisation parameter γ (× 104 K1/2 cm3), and the average NC. Note that the regions between the key physical zones include emission of the template spectra.




    

  
    
      Fig. 10 

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

      
        Correlations between the different empirical PAH ionisation proxies (I6.2/I11.2, left panels; I7.7/I11.2, middle panels; I8.6/I11.2, right panels) and the PAH ionisation parameter (γ) deduced from pyPAHdb modelling. In the top panels, the pixels are colour-coded based on their vertical distance from the edge of the mosaic, which is indicative of the projected distance from θ1 Ori C. In the bottom panels, pixels corresponding to each of the five key physical regions are assigned a specific colour (H ii in green, APDR in red, DF1 in blue, DF2 in orange, and DF3 in pink), with the average values from each template indicated with a different symbol. Pixels outside the five zones are shown in grey.

      

    

  
    
      Fig. 11 

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

      
        Correlation between the I3.3/I11.2 PAH size proxy and [image: Mathematical equation: $\overline{{N}_{C}}$] deduced from pyPAHdb modelling for the five key physical regions. Equidistant contours are drawn up to 3 sigma from the mean value in each template region. Contour labels indicate pixel density, i.e. points per I3.3/I11.2 per [image: Mathematical equation: $\overline{{N}_{C}}$]. Region means within 3 standard errors of the mean uncertainty are shown.

      

    

  
    
      Fig. 12 

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

      
        PAH charge-size grid (Maragkoudakis et al. 2020) providing an alternative, fitting-independent description to the charge state and [image: Mathematical equation: $\overline{{N}_{C}}$] of the five key physical regions.

      

    

  
    
      Fig. A.1 

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

      
        The pyPAHdb modelling error (σpyPAHdb) map.

      

    

  
    
      Fig. B.1 

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

      
        The pyPAHdb PAH size and charge breakdown of the spectral templates of the H ii (top), DF1 (middle), and DF2 (bottom) regions. Observations are shown in black, total fit in red, and the separate breakdown components are given in the legend of each panel. The fractions of the large PAH contributing to the fit and the cation-to-neutral PAHs ratio are provided as labels.
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