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Abstract

Polycyclic aromatic hydrocarbons (PAHs) are widespread in the interstellar medium (ISM) of near solar metallicity galaxies, where they play a critical role in ISM heating, cooling, and reprocessing stellar radiation. The PAH fraction, the abundance of PAHs relative to total dust mass, is a key parameter in ISM physics. Using JWST and MUSE observations of 42 galaxies from the PHANGS survey, we analyzed the PAH fraction in over 17 000 H II regions spanning a gas-phase oxygen abundance of 12 + log(O/H) = 8.0–8.8 (Z ∼ 0.2–1.3 Z⊙), and ∼400 isolated supernova remnants (SNRs). We find a significantly lower PAH fraction toward H II regions compared to a reference sample of diffuse ISM areas at matched metallicity. At 12 + log(O/H) > 8.2, the PAH fraction toward H II regions is strongly anti-correlated with the local ionization parameter, suggesting that PAH destruction is correlated with ionized gas and/or hydrogen-ionizing UV radiation. At lower metallicities, the PAH fraction declines steeply in H II regions and in the diffuse ISM, likely reflecting less efficient PAH formation in metal-poor environments. Carefully isolating dust emission from the vicinity of optically identified supernova remnants, we see evidence of selective PAH destruction from measurements of lower PAH fractions, which is, however, indistinguishable at ∼50 pc scales. Overall, our results point to ionizing radiation as the dominant agent of PAH destruction within H II regions; metallicity plays a key role in their global abundance in galaxies.
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1. Introduction
Polycyclic aromatic hydrocarbons (PAHs) are carbon-based nanoparticles that are ubiquitous in the interstellar medium (ISM). Together with stochastically heated very small dust grains (20 − 30 Å), PAHs are dominant contributors to the mid-infrared (mid-IR) spectra of galaxies (e.g. Draine & Li 2007). PAHs absorb ultraviolet (UV) and optical photons and re-emit energy in the IR range in the form of continuum emission and several strong emission features at 3.3, 6.2, 7.7, 8.6, 11.3, 12.7, and 17 μm (Tielens 2008; Li 2020). As a result, PAHs are responsible for reprocessing up to 20% of all stellar UV/optical radiation (Smith et al. 2007). Observationally, PAHs are considered good tracers of both cold gas (Gao et al. 2019, 2022; Leroy et al. 2023; Sandstrom et al. 2023b; Whitcomb et al. 2023; Chown et al. 2025b) and heating processes, due to their association with star formation activity (Peeters et al. 2004; Calzetti et al. 2007; Calapa et al. 2014; Cluver et al. 2017; Pathak et al. 2024; Gregg et al. 2024).
Polycyclic aromatic hydrocarbons are important for the evolution of the ISM and star formation in galaxies; they provide shielding from UV radiation and dominate photoelectric heating in neutral gas (Wolfire et al. 1995, 2003; Li 2020; Draine et al. 2021), and thus influence how much gas is available to form molecular clouds. Meanwhile, the mechanisms of their formation and destruction are not fully understood. Possible scenarios include PAH formation in the atmospheres of evolved stars (e.g., Latter 1991; Cherchneff et al. 1992) or directly in molecular clouds (e.g., Greenberg et al. 2000; Sandstrom et al. 2010; Chastenet et al. 2019; Burkhardt et al. 2021; McGuire et al. 2021) via the shattering of larger dust grains (e.g., Jones et al. 1996; Hirashita & Yan 2009; Seok et al. 2014; Wiebe et al. 2014). Ionization and photodestruction by hard UV radiation (e.g., Allain et al. 1996; Montillaud et al. 2013; Pavlyuchenkov et al. 2013; Wenzel et al. 2020; Egorov et al. 2023), sputtering and fragmentation in the ionized gas (Micelotta et al. 2010a; Bocchio et al. 2012), and shocks (O’Halloran et al. 2006; Jackson et al. 2006; Micelotta et al. 2010b; Zhang et al. 2022) are the main mechanisms considered for PAH destruction.
Observations of nearby galaxies suggest that the fraction of the total dust mass in PAHs, qPAH, remains relatively constant across their diffuse ISM, with a typical value of qPAH ∼ 5% for the Milky Way and near solar metallicity conditions (e.g., Draine et al. 2007; Chastenet et al. 2019; Aniano et al. 2020; Sutter et al. 2024). However, a prominent decrease in tracers of qPAH is typically observed toward H II regions (Helou et al. 2004; Relaño & Kennicutt 2009; Anderson et al. 2014; Chastenet et al. 2019, 2023a; Egorov et al. 2023; Pedrini et al. 2024; Sutter et al. 2024).
Resolved and unresolved studies of low-metallicity galaxies show a deficit of PAHs in their ISM. Such a decrease in the PAH fraction in a low-metallicity environment is typically explained through the effects of harder ionizing radiation or more ubiquitous supernova shocks efficiently destroying PAHs at lower metallicities, or that the deficiency of cold dense gas and gas-phase carbon prevents PAH formation under such conditions (e.g., Engelbracht et al. 2005, 2008; Madden et al. 2006; Draine et al. 2007; Galliano et al. 2008; Khramtsova et al. 2013; Rémy-Ruyer et al. 2015; Whitcomb et al. 2024).
Analyzing PAHs and their connection to local ISM conditions and ionizing sources in a large and representative sample of resolved star-forming regions is a key to understanding the mechanisms of their formation and destruction. Multiwavelength observations of star-forming regions with high spatial resolution (< 100 pc scales) sufficient to isolate individual H II regions and associated photodissociation regions (PDRs) from the surrounding diffuse ISM and other H II regions are crucial in order to disentangle the local and global effects on the PAH evolution. Before launching JWST, such resolved studies of PAHs were only possible in our Galaxy (e.g., Povich et al. 2007; Anderson et al. 2014; Binder & Povich 2018) and in a handful of very nearby galaxies (e.g., Bolatto et al. 2007; Sandstrom et al. 2010; Wiebe et al. 2011; Lebouteiller et al. 2011; Chastenet et al. 2017, 2019; Maragkoudakis et al. 2018; Mallory et al. 2022). JWST observations now enable investigations of PAHs toward individual H II regions, supernova remnants (SNRs), star clusters and their immediate surroundings in relatively distant galaxies (e.g., Dale et al. 2023; Egorov et al. 2023; Sutter et al. 2024; Chastenet et al. 2023a; Sandstrom et al. 2023a; Pedrini et al. 2024; Gregg et al. 2024; Baron et al. 2024, 2025; Ujjwal et al. 2024), or in unresolved star-forming regions in galaxies at redshifts up to z ∼ 2 (Shivaei et al. 2024).
Using the JWST images and MUSE integral-field spectroscopic (IFS) observations for four galaxies from the Physics at High Angular Resolution in Nearby Galaxies Survey (PHANGS; Leroy et al. 2021), Egorov et al. (2023) investigated the mechanisms of PAH destruction in ∼1500 high-metallicity H II regions. In that study they found that the PAH fraction toward the H II regions is tightly correlated with the ionization parameter. They suggested that this might indicate that the PAH destruction in the H II regions is regulated by hydrogen-ionizing radiation. For this paper we extended the analysis from Egorov et al. (2023) to all 42 PHANGS-JWST galaxies with available MUSE data (from either PHANGS or archival observations) providing us with a sample of ∼17 200 H II regions with oxygen abundance (a proxy for gas-phase metallicities) spanning a range of 12 + log(O/H) = 8.0 − 8.8 (Z = 0.2 − 1.3 Z⊙), with a few regions outside this range. This contains a large sample of ∼5600 marginally resolved (most luminous) H II regions for which we can minimize the contamination by diffuse ISM. We also extended the analysis to a sample of more than 400 isolated SNRs from the Li et al. (2024) catalog. The result is by far the largest systematic measurement of band ratios tracing the PAH fraction in spectroscopically characterized ionized nebulae. With these samples, we investigated the role of ionizing radiation and shocks in selective destruction of PAHs and how the effects of the relevant physical processes change with metallicity.
The paper is organized as follows. In Section 2 we describe the underlying observational data. Section 3 provides details on the methods and criteria implemented for selection of the H II regions and deriving the properties of gas, dust, and young stars there. Section 4 describes results from the comparison of our tracer for the PAH fraction and properties of the H II regions and SNRs. In Section 5 we discuss these results and consider the potential observational biases in this study. Section 6 summarizes our results.
2. Observations
2.1. JWST
We use the JWST data obtained in Cycle 1 and Cycle 2 as part of the PHANGS-JWST survey (programs GO 02107; PI: J. C. Lee and GO 03707; PI: A. Leroy). In Cycle 1, 19 nearby star-forming galaxies were imaged with the NIRCam (with F200W, F300M, F335M and F360M filters) and the MIRI (F770W, F1000W, F1130W and F2100W) instruments. The first public data release and the description of the data reduction process are presented in Williams et al. (2024) (see also Lee et al. 2023). In Cycle 2, 55 additional galaxies from the PHANGS survey were observed with a modified filter set: F150W, F187N (replaced by F200W for a few galaxies with higher systemic velocities), F300M, F355M for NIRCam, and F770W, F2100W for MIRI. Chown et al. (2025b) describe the basic observational setup and processing of this Cycle 2 survey. Data reduction for all objects from both Cycle 1 and Cycle 2 is done in a uniform way with the package PJPIPE1, which is described in Williams et al. (2024) and is based on the official JWST pipeline (Bushouse et al. 2023). In this paper, we use the F770W, F1130W, F2100W, and F300M images (including the associated uncertainties maps) for all 19 galaxies from Cycle 1, and F770W, F2100W, and F300M images for 23 galaxies from Cycle 2 (see Table 1). These 23 galaxies were selected from the entire sample of Cycle 2 galaxies because they have available MUSE data and derived products of quality similar to that of the PHANGS-MUSE data (Emsellem et al. 2022), which overlap with the 19 Cycle 1 PHANGS-JWST targets (see Sec. 2.2).
Table 1. 
Properties of the galaxies.

We convolved all the images to the PSF of the F2100W images (FWHM ≃ 0.67″, corresponding to 28–64 pc at the distance of our targets), as produced by the STPSF (Perrin et al. 2014) modeling tool2. The convolution kernels were created following the procedure from Aniano et al. (2011). We note that our analysis relies on the integrated measurements within footprints of the H II regions (see Sec. 3), and therefore the exact angular resolution of the data (both the JWST and MUSE datasets) is not critical for the analysis.
2.2. MUSE
All 42 galaxies in our study were previously observed with the optical integral field spectrograph MUSE (VLT). The PHANGS-MUSE large program (1100.B-0651, PI: Schinnerer) provided data for 19 galaxies from PHANGS-JWST Cycle 1 with a coverage up to 2 effective radii for all targets, which is in general consistent with the footprint of JWST observations. The other 23 galaxies (hereafter extended sample) were observed within several complementary programs, or recovered from the ESO archive (see Table 1). Due to the heterogeneity of the extended sample, MUSE covers only a small (typically – central) part of the JWST footprint for about half of these galaxies, while the coverage of the other half of the extended sample is comparable to that of PHANGS-MUSE galaxies.
The typical angular resolution of the MUSE data in this study is ∼1″ (45–95 pc), which is sufficient to isolate individual H II regions from each other and minimize contribution from the surrounding diffuse ionized gas (Congiu et al. 2023). The MUSE data span the spectral range 4800 − 9200 Å and include several strong emission lines (Hα, Hβ, [O III] 4959, 5007 Å, [S II] 6717, 6731 Å, [N II] 6548, 6584 Å, [S III] 9069 Å) that are used in the current work.
The reduced data for the PHANGS-MUSE large program are publicly available3, and details of the observations and data reduction are given in Emsellem et al. (2022). The data for galaxies from the extended sample are reduced and analyzed in a similar way as for the main PHANGS-MUSE sample. That is, we used the Python package PYMUSEPIPE4 to produce data cubes from the raw data. PYMUSEPIPE is a wrapper around the MUSE data processing pipeline software (Weilbacher et al. 2020) and we adopted it since it allows for efficient mosaicking of multiple data cubes. For data analysis (i.e., producing the maps in emission lines by fitting the simple stellar population templates and single-component Gaussians to the observed spectra), we used the PHANGS data analysis pipeline DAP5, which relies on the GIST code (Bittner et al. 2019). Both PYMUSEPIPE and DAP are described in detail in Emsellem et al. (2022). A detailed description of the data reduction, as well as presentation of the data for the 23 galaxies from the extended sample, will be presented in future work.
3. Analysis
In this work, we investigate how the PAH fraction changes in the presence of ionized gas in and around star-forming regions. The analysis consists of four main steps: (1) identifying H II regions and SNRs in the MUSE data; (2) Reprojecting the spatial masks defining the borders of these nebulae onto the JWST grid to isolate the regions affected by ionizing radiation or SNR shocks from the diffuse ISM; (3) Measuring observational and physical properties of the ionized nebulae based on the integrated MUSE spectra of the regions; (4) Deriving JWST band ratios sensitive to the PAH mass fraction from the fluxes integrated in the apertures corresponding to the ionized nebulae or diffuse ISM. Our measurements are reported in the online catalog described in Appendix D.
3.1. Identifying H II regions and measuring the properties of the ionized gas
Following the same approach as in Egorov et al. (2023), we selected H II regions in JWST images based on the masks derived from the MUSE data using the package HIIPHOT (Thilker et al. 2000). The procedure is described in detail by Groves et al. (2023) where these masks and the corresponding nebular catalog are presented for 19 PHANGS-MUSE galaxies. The catalog contains measurements of emission line fluxes for each nebula from their integrated spectra (within the borders defined by HIIPHOT). The line fluxes are corrected for extinction based on the observed Balmer decrement. No correction for the contribution of the surrounding diffuse emission was applied. We also use measurements of the gas phase oxygen abundance (as a proxy for the metallicity), 12 + log(O/H), and circularized radii of the nebulae, rcirc, taken from the Groves et al. (2023) catalog for each H II region, or measured here in a similar way for the extended sample. The oxygen abundance was derived from the integrated emission spectra made using the strong emission line calibration “Scal” from Pilyugin & Grebel (2016), which relies on the measurements of Hβ, Hα, [O III]λ5007, [N II]λ6584 and [S II]λ6717,6731 emission lines and is usually consistent with the measurements made using the “direct” Te method (e.g., Brazzini et al. 2024). This calibration adopts 12 + log(O/H) = 8.69 (Asplund et al. 2009) as a reference value for the solar oxygen abundance.
The Groves et al. (2023) catalog contains properties of the ionized nebulae for all 19 PHANGS-MUSE galaxies. Here we analyze also the new MUSE data for 23 other galaxies from the extended sample, which were observed with JWST in Cycle 2. For these galaxies, we analyzed the MUSE data, produced the ionized nebulae spatial masks and the nebular catalog with the measured emission lines, metallicity etc. in the same way as described in Groves et al. (2023) and summarized above. Similarly to Groves et al. (2023), we classified a nebula as H II region based on its position on the diagnostic BPT diagram (Baldwin et al. 1981). We use the H II region spatial masks and derived properties of the nebulae in the remaining analysis. The new catalogs for the extended sample will be published separately in future papers.
The spatial masks for each H II region were reprojected onto the grid of the JWST/MIRI F2100W images. Given that our original MUSE data typically have coarser resolution than F2100W images, we can expect that some of the pixels in the JWST images falling into the nebular masks in fact correspond to the surrounding PDRs and diffuse ISM heated by the H II regions or even by the interstellar radiation field (ISRF). Moreover, the MUSE resolution is not sufficient for reliable measurements of the sizes of H II regions (which are typically smaller than the PSF of our MUSE data). The derived sizes are systematically overestimated by a factor of 3 compared to what is measured from the better resolution HST Hα images ((Barnes et al. 2022, 2025)). Therefore, we expect that reprojected spatial masks on the JWST / MIRI F2100W grid isolate H II regions from each other well, but have a non-negligible contribution of diffuse ISM. This contribution is expected to be higher in the case of the faint (hence small) H II regions, and closer to negligible for the luminous (and thus larger) H II regions. This is further discussed in Sec. 4.2. To minimize contamination by diffuse ISM, we also consider separately in the following analysis the subsample of the marginally resolved (luminous) H II regions, which have size exceeding 2 PSF of MUSE data (i.e., rcirc > FWHMPSF). This mostly corresponds to the extinction-corrected Hα luminosities L(Hα) > 1037 erg s−1.
We excluded from further analysis all the H II regions residing in the galactic centers, as star-forming regions in such locations are typically very crowded and the MUSE resolution does not allow us to reliably separate them from each other. Furthermore, the gas and dust excitation there can be strongly affected by processes different from what is observed in normal star-forming regions in galactic disks (e.g., active galactic nuclei (AGNs), nuclear starbursts, large-scale shocks due in the circumnuclear rings etc.). Recent studies in fact reveal destruction of PAHs by shocks and anomalous PAH-to-CO and PAH band ratios in the central regions of galaxies (e.g., Zhang et al. 2022; Chown et al. 2025b; Pathak et al. 2024; Baron et al. 2025). To exclude central regions, we used environmental masks from Querejeta et al. (2021). These masks were created with the Spitzer 3.6 μm images and distinguish between different environments in each galaxy in our sample. Therefore, our results presented below are valid for normal star-forming regions outside the galactic centers. For three galaxies that do not have published environmental masks, we applied elliptical masks derived by eye based on the Spitzer 3.6 μm (for NGC 1808) or JWST NIRCAM/F330M (for NGC 1068, NGC 3368) images to exclude the central and bar regions from the analysis.
Finally, we consider here only those H II regions with signal-to-noise ratio exceeding 10 in all important emission lines and JWST bands (i.e., [S III]λ9069 Å, [S II]λ6717,6731 Å, F770W, F1130W, F2100W) in their integrated spectra or photometry. In total, we analyze a sample of 17151 H II regions. The number of the selected H II regions for each galaxy is given in Table 1.
In this study, we rely on the reddening-corrected [S III]λ9069, 9532 Å/[S II]λ6717,6731 Å line ratio as a proxy for the ionization parameter, commonly defined as the ratio of the number densities of ionizing photons and hydrogen atoms (e.g., Diaz et al. 1991; Kewley et al. 2019; Mingozzi et al. 2020, see also Appendix C). The emission line [S III]λ9532 Å resides beyond the MUSE wavelength range. Therefore, we use the well-defined theoretical ratio between these lines: [S III]λ9532 Å = 2.5× [S III]λ9069 Å. Hereinafter, [S II] and [S III] refers to the sum of the corresponding doublets, unless otherwise specified.
3.2. Identifying SNRs and measuring their properties
We aim here to analyze how the PAH fraction in star-forming regions is affected not only by ionizing radiation, but also by shocks. We study this by measuring the PAH fraction toward the sample of SNRs identified in 19 galaxies from our sample. Li et al. (2024) found 1166 SNRs in 19 PHANGS-MUSE galaxies (outside their central parts) based on the combination of several indicators (different shock-sensitive line ratios and gas velocity dispersion). Their sample includes 964 objects isolated from any H II region, as compared with the same Groves et al. (2023) H II region catalog used in our work. We therefore consider this sample of isolated SNRs as the sites where the supernova shocks may dominate over photoionization in its influence on the dust and PAHs in the ISM. We integrated the optical spectra and fluxes in JWST bands in circular apertures with 50 pc diameter6 and analyzed them in the same way as for H II regions above to recover emission line fluxes and JWST photometry. Note that the Scal empirical metallicity calibration is not valid for the regions dominated by shocks. Therefore, similarly to Li et al. (2024), we took the values corresponding to the SNR locations from the spatially interpolated 2D metallicity maps derived by Williams et al. (2022) based on Scal measurements for the H II regions.
After excluding SNRs outside the JWST footprint and applying the same signal-to-noise criteria as for the H II regions (i.e., S/N > 10 in all emission lines and JWST bands significant for our analysis), we proceed with a sample of 398 isolated SNRs in 19 PHANGS-MUSE galaxies spanning metallicity range of 12 + log(O/H) = 8.19 − 8.63.
3.3. Tracing PAH-to-dust mass fraction
Measurement of the mass fraction of PAHs in dust, qPAH, requires SED modeling from mid- to far-IR wavelengths. Previous studies have shown that the ratio of intensity in filters dominated by PAH emission to those dominated by the small dust grain continuum can be a good observational tracer of qPAH (e.g., Engelbracht et al. 2008; Marble et al. 2010; Sandstrom et al. 2010; Sutter et al. 2024; Chastenet et al. 2025). For example, Spitzer studies relied on the F8 μm/F24 μm (i.e., IRAC4/MIPS24) band ratio as a tracer of qPAH. With JWST it is possible to use several bands sensitive to different sizes and ionization states of PAHs (e.g., 7.7 μm and 11.3 μm). Following previous works (Egorov et al. 2023; Chastenet et al. 2023a; Sutter et al. 2024), we use RPAH ≡ (F770Wss + F1130W)/F2100W as a tracer of qPAH. The measurements in corresponding JWST filters here are flux densities in MJy sr−1. Based on theoretical modeling and observations of 7 galaxies, Sutter et al. (2024) demonstrated that RPAH correlates with qPAH in cases where full far-IR coverage is available. For reference, RPAH ∼ 4 corresponds to qPAH ∼ 5%, according to their paper.
In this definition of RPAH, F770Wss corresponds to flux density of the non-stellar emission in the F770W band, i.e., to the total flux density measured in this band corrected for the contribution from stellar continuum. Stellar populations produce non-zero continuum emission at the wavelength around 8 μm (e.g., Helou et al. 2004; Marble et al. 2010; Sutter et al. 2024), and its removal is required for proper measurements of RPAH in areas of high stellar surface density and low gas density. This correction is very minor in gas-rich and dust-rich regions (∼1%; Baron et al. 2025), such as the star-forming regions considered here. Therefore, no significant differences are expected in RPAH compared to previous measurements where such a correction was not implemented (Egorov et al. 2023; Chastenet et al. 2023a). In diffuse gas, especially toward galaxy centers where the starlight is concentrated, the starlight continuum contributes more, resulting in a higher correction, typically 10 − 30% (Baron et al. 2025). The more extreme values (up to 75%) are observed only in star formation deserts, which are not considered in this work. We calculate the starlight contribution based on the NIRCam F300M images convolved at the MIRI F770W resolution as described in Sutter et al. (2024): F770Wss = F770W − (0.22 ± 0.08)×F300M. The resulting F770Wss are further convolved at the F2100W, as was described earlier in Sec. 2.1.
The fluxes measured in apertures corresponding to H II regions and SNRs are contaminated by diffuse ISM not only due to the imperfect isolation of the fainter (smaller) regions (as mentioned in Sec. 3.1), but also due to the contribution of background or foreground emission. Careful subtraction of this component is challenging due to its inhomogeneity, but necessary for analysis of the compact sources (such as SNRs) where its contribution can dominate the total flux measured in the aperture. To perform such a correction, we measured the median brightness in each photometric band in circular annuli with inner and outer radii 1.5 × rcirc and 3 × rcirc, respectively, and centered on the H II region or SNR. For SNRs, we assumed constant rcirc = 50 pc. Before measuring the median brightness, we masked all pixels that reside within H II region masks. The uncertainties of the background measurements, calculated as the standard deviation within the apertures, were propagated to the estimates of RPAH. The effect of background correction on the measured fluxes and derived RPAH is investigated in the Appendix A and Sec. 5.3. The local background does not significantly affect our measurements for H II regions, and therefore for further analysis we use mostly original, non-corrected values. However, we consider background-subtracted fluxes investigating the effect of SNRs and in some additional applications where such correction is essential.
The measurements of RPAH described here require images in the F1130W band, which are not available for 23 galaxies from Cycle 2. Meanwhile, the ratios of individual PAH-sensitive bands to the dust continuum (i.e., F770W/F2100W or F1130W/F2100W, which are similar to the previously widely used Spitzer IRAC4/MIPS24 and WISE W3/W4 ratios) were also shown to be good tracers of PAH fraction. Thus, Sutter et al. (2024) showed that RPAH* = 2.57 × F770Wss/F2100W is generally equal to RPAH for diffuse ISM if there are no significant variations in PAH charge or hardness of the interstellar radiation field expected. Based on our measurements for 19 galaxies where both F770W and F1130W, we consider in Appendix B whether RPAH* measured this way agrees well with RPAH for H II regions. We find that F770Wss/F1130W ratio grows with the Hα luminosity of a region (Fig. A.1; see also Belfiore et al. 2023), which is likely related to the differences in ratio between the ionized and neutral PAHs, or in the hardness of the radiation field (Chastenet et al. 2023b; Baron et al. 2025). In turn, this leads to a systematically higher RPAH* (by ∼7 − 17%) than RPAH in bright star-forming regions (Fig. B.1). We demonstrate that this offset can be removed with a small correction non-linearly depending on F770Wss brightness. Therefore, here we use the parameterization of
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where
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where Lν(F770Wss) is the monochromatic luminosity of the non-stellar emission in the F770W band. The latter is measured in erg s−1 Hz−1 calculated from flux density F770Wss (converted from MJy to erg s−1 cm−2 Hz−1), and distance to the galaxy D (converted to cm) as Lν(F770Wss) = 4πD2 × F770Wss. The resulting parameterization shows a better agreement with RPAH for relatively bright H II regions than the one from Sutter et al. (2024) and is in good agreement with it for the low-luminosity end. The best fit for the background-subtracted measurements slightly differs leading to a nearly constant factor correction (see Fig. B.2):
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assuming that all fluxes here and in Eq. (1) are background-subtracted.
For further analysis, we consider RPAH* derived from Eqs. (1, 2) as the reliable tracer of PAH fraction across all 42 galaxies in our sample. When considering only the 19 PHANGS-JWST galaxies from our Cycle 1 program, we rely on RPAH instead to avoid unnecessary empirical correction.
4. Results
4.1. Metallicity dependence of the PAH fraction
Previous studies of star-forming regions and galaxies at kpc-scales with Spitzer and WISE demonstrated that the PAH fraction rapidly decreases in the low-metallicity regime (e.g., Engelbracht et al. 2005; Madden et al. 2006; Draine et al. 2007; Galliano et al. 2008; Khramtsova et al. 2013; Rémy-Ruyer et al. 2015; Whitcomb et al. 2024). This is further supported by a still scarce number of resolved studies of nearby low-metallicity dwarf galaxies measuring the PAH fraction to be much lower than in the more massive galaxies (e.g., Chastenet et al. 2019; Chown et al. 2025a). These studies find a threshold between the low- and high-metallicity regimes (typically at 12 + log(O/H)∼8.0 − 8.3, although some studies report higher value; see Section 5.1), with a particularly large scatter of the PAH fraction around these values. All of these studies argue that gas-phase metallicity (or something associated with it) is among the key factors regulating the PAH life cycle, although the exact transition threshold, the particular form of the metallicity dependence, and the role of different physical mechanisms responsible for these remain uncertain.
Fig. 1 shows how log(RPAH*) changes with metallicity for our sample of 17151 H II regions spanning the metallicities 12 + log(O/H)∼8.0 − 8.8 (Z ∼ 0.2 − 1.3 Z⊙). The average values per O/H bin clearly demonstrate a drop of RPAH* at metallicities 12 + log(O/H) < 8.2 and a high-metallicity plateau. This trend is in very good agreement with the estimates for low-metallicity dwarf galaxies WLM and NGC 6822 (shown by black squares) derived as 2.57 × F770W/F2100W based on the average band ratios reported by Chown et al. (2025a), despite the slightly different treatment of the stellar continuum subtraction and calculation of RPAH*.
	[image: thumbnail]	Fig. 1. Distribution of log(RPAH*) vs. oxygen abundance color-coded by log([SIII]/[SII]) (tracer of the ionization parameter) for all H II regions in the sample. The red circles show the average values in different metallicity bins (reported in Table 2). The vertical gray dashed line marks 12 + log(O/H) = 8.2 as a threshold between the low- and high-metallicity regimes. The horizontal dashed line corresponds to the average RPAH for diffuse ISM measured by Sutter et al. (2024). The black squares correspond to measurements for WLM and NGC6822 (from low- to high-metallicity) made by (Chown et al. 2025a) using JWST F770W and F2100W images. The PAH fraction drops significantly in the low-metallicity regime.



Table 2. 
Average values and standard deviations of RPAH* measured in different metallicity bins in Fig. 1.

The high-metallicity plateau in Fig. 1 exhibits a large scatter of RPAH* values, which can be associated with the differences in [S III]/[S II] emission line ratio (color-coded in this Figure) – a good proxy of the ionization parameter (see Section 3.1 and Appendix C). Indeed, splitting our data into two subsamples with different [S III]/[S II] line ratios, we find that the average RPAH* vs. O/H trends have very similar shapes with a clear offset (Fig. 2). Furthermore, splitting our measurements into regular bins with different log([S III]/[S II]) and 12 + log(O/H), we can see that the median RPAH* values in these bins form a rather smooth 2D shape (Fig. 3). These results indicate that both environmental conditions (metallicity) and local ionization conditions are both important in setting the PAH fraction.
	[image: thumbnail]	Fig. 2. Distribution of RPAH* vs. oxygen abundance for the entire sample of H II regions (gray histogram with intensity tracing the probability density), and average distribution for two bins in log([S III]/[S II]). The dashed lines are the same as in Fig. 1. The black squares represent measurements for WLM, NGC6822 (as in Fig. 1), the SMC, and the LMC from Chown et al. (2025a), listed in order of increasing metallicity. Spitzer IRAC4 and MIPS24 filters were used to estimate RPAH* for the SMC and LMC (Chown et al. 2025a).



	[image: thumbnail]	Fig. 3. RPAH* (see color bar at right) calculated on the regularly distributed bins with unique O/H and [S III]/[S II] values. The metallicity and ionization parameters are both important for setting up the PAH fraction.



To check that the steep decrease in PAH fraction at low metallicities in our data is not just due to the different properties of the ionizing sources, we also measured RPAH* in diffuse ISM for different metallicity bins. To do that, we compiled a comparable sample of mock diffuse regions following a procedure similar to what Dale et al. (2025) performed for their analysis of star clusters and associations. We masked out all H II regions using the spatial masks (see Sec. 3.1), and then randomly selected the positions of circular apertures in the residual footprint. The diameter of the aperture was fixed at 3 × PSFMUSE for each galaxy to match the size of “resolved” H II regions (after rejecting the masked pixels). We discarded the regions where more than 50% pixels in the JWST MIRI/F2100W grid overlap with H II region masks. Repeating this procedure, we compiled a sample of the mock diffuse regions of comparable size and number per galaxy as for the H II regions. Then, we derived RPAH and RPAH* in the same way as for H II regions (Sec. 3.3). We assumed that these diffuse regions have a metallicity equal to the median for five nearest H II regions.
We divide all measurements for the diffuse and H II regions into several metallicity bins: 12 + log(O/H) = 7.9 − 8.2, 8.2 − 8.4, and 8.4 − 8.7. Fig. 4 shows distributions of RPAH* for each metallicity bin separately for the diffuse ISM and luminous (resolved) H II regions. Table 3 reports the median values of RPAH* and standard deviations for both types of regions per metallicity bin.
	[image: thumbnail]	Fig. 4. Distribution of RPAH* for resolved (luminous) H II regions (orange) and the regions of similar size from the diffuse ISM (blue) for several gas-phase metallicity bins. The one dashed line and the two dotted lines on each distribution show the median and 25 and 75 percentile quartiles, respectively. Both RPAH and RPAH* are lower in the H II regions than in the diffuse ISM. A strong decrease in RPAH* in the lowest metallicity bin is seen for the H II regions and the diffuse ISM.



Table 3. 
Median RPAH* and its 16th and 84th percentile intervals for different metallicity bins from Fig. 4.

Fig. 4 shows a significant decrease in RPAH* in H II regions compared to the diffuse ISM, consistent with a scenario where PAHs get destroyed in these nebulae. The two higher metallicity bins behave very similarly, reflecting the plateau in RPAH* at high metallicity. The lowest metallicity bin exhibits a significant decrease in RPAH* in both H II regions and the diffuse ISM. The differences between the lowest and moderate metallicity bins are in agreement with what was previously measured for the Magellanic Clouds (Chastenet et al. 2019). Therefore, the low-metallicity environment alters the PAH fraction in both environments in the same way.
4.2. Correlation between PAH fraction and ionization parameter at 50–100 pc scales
Observations of nearby galaxies with JWST revealed a fairly uniform distribution of RPAH in their diffuse ISM (Sutter et al. 2024). At the same time, the PAH fraction drops in H II regions or central regions with AGNs (Chastenet et al. 2023a; Egorov et al. 2023; Pedrini et al. 2024; Baron et al. 2024, 2025). This drop in H II regions at any metallicity (within the considered range) is clearly seen from the comparison of our sample of luminous H II regions with the diffuse ISM areas shown in Fig. 4. From the analysis of the vicinity of H II regions in four galaxies from the PHANGS sample, Egorov et al. (2023) discovered a strong anti-correlation between RPAH and log([SIII]/[SII]), which is a good tracer of the ionization parameter (see Appendix C). This dependence is also clearly seen in Fig. 3.
Figure 5 shows how RPAH changes with log([SIII]/[SII]) for a sample of 17151 H II regions (panel a). This figure shows that the dependence of PAH fraction on the ionization parameter found by Egorov et al. (2023) is observed across a ten-fold larger sample of H II regions than used in their work. Fig. 5c shows that the same trend is observed with expectedly smaller scatter if we keep only the luminous ∼5600 H II regions “resolved” by MUSE (i.e., having sizes exceeding 2 × FWHMPSF, according to our selection criteria described in Sec. 3.1). The best-fit linear regression model for the 2D distribution for the luminous H II regions gives the following relation:
	[image: thumbnail]	Fig. 5. PAH fraction anti-correlates with log([S III]/[S II]) (ionization parameter tracer) for thousands of H II regions in 42 PHANGS-JWST galaxies. Panels (a, b) shows all ∼17 200 analyzed H II regions, while the ∼5600 brightest resolved H II regions are shown in panels (c, d). The dashed red line shows the best-fit linear regression to the resolved sample defined by Eq. (4). The histograms in panels (b, d) show how the logarithmic residuals after subtracting this linear trend depend on metallicity. The color in panels (a, c) denotes gas-phase oxygen abundance; the red contours show the probability density of the high-metallicity (12 + log(O/H) > 8.2) points; the levels correspond to 50, 65, 80, 95, and 99 percentile intervals. The Spearman correlation coefficient (ρ) and RMS scatter around the linear fit are reported in panels (a, c).
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Coefficients and associated uncertainties are calculated using the orthogonal distance regression fitting to 500 bootstrapped samples. The same linear regression can also describe the unresolved regions in panel (a), although the scatter around it is higher, and the low-metallicity regions (12 + log(O/H) < 8.2) appear as outliers.
It is not clear what causes the scatter around the linear regression defined by Eq. (4). Egorov et al. (2023) tested several possible physical and observational parameters as potentially responsible for the observed scatter (including Q0 – the total number of ionizing photons, [O III]/Hβ as the UV hardness tracer, equivalent width of Hα as the age tracer, F1130W/F770W as a tracer of PAH ionization state), and found a secondary dependence of RPAH on metallicity (see their Fig. 3). Here we revisit this conclusion by reproducing the same analysis for a much larger sample of H II regions, especially in the lower metallicity range. We subtract the trend described by Eq. (4) from the data in Fig. 5 and demonstrate how the logarithmic residuals depend on the metallicity in panels b and d (for all and resolved only H II regions, respectively). The distribution of the residuals with metallicity is scattered around zero, but no obvious secondary dependence on metallicity is seen in the moderate- to high-metallicity regime in our data. The systematic deviation of the residuals from zero becomes prominent at low metallicities 12 + log(O/H) < 8.2.
Figure 5 demonstrates a purely observational result. Physically, the decrease in RPAH toward H II regions is consistent with scenarios of destruction or removal of PAH molecules. The fairly strong dependence of RPAH on the ionization parameter is indicative of the major role of the ionized gas in the evolution of PAH molecules in star-forming regions. Understanding the physical reasons (if any) behind such a relationship can provide clues about the mechanisms of PAH destruction. We consider in Sec. 5.2 several possible physical and observational effects that could be responsible for the observed dependence between the RPAH and the ionization parameter.
5. Discussion
5.1. Low- and high-metallicity regimes in the PAH life-cycle
Our observations clearly reveal dependence of the PAH fraction on metallicity (Figs. 1–4), which is consistent with previous resolved and unresolved studies of significantly smaller samples of star-forming regions (see Section 1). Several physical mechanisms can be responsible for the lower PAH fraction at low metallicities. Hard ionizing radiation at low metallicity could lead to more efficient destruction of PAHs, so they rarely survive in H II regions and inner layers of PDRs covered by our apertures. Alternatively, PAHs could form less efficiently (or have smaller sizes; Sandstrom et al. 2012; Whitcomb et al. 2024) in a low-metallicity environment. This is supported by significantly lower RPAH* (compared to high-metallicity bins, see Fig. 4) also in the diffuse ISM, where the processes of their photodestruction are less relevant. Another possible explanation is that PAHs can be destroyed by supernovae shocks more efficiently in low-metallicity environment because of the enhanced SNe rate in the low-mass star-forming galaxies (e.g., O’Halloran et al. 2006; Jackson et al. 2006; Seok et al. 2014). We address the role of shocks in selective PAH destruction in Section 5.3.
The highest metallicity regions in our sample (12 + log(O/H) > 8.55) also reveal a decrease in the PAH fraction (two last bins in Fig. 1), which cannot be explained by high [S III]/[S II] alone (Fig. 2). Such regions are located in the highest-mass galaxies from our sample. Although we excluded the galactic center regions from consideration, these high-metallicity regions are still associated with bars and other areas with much higher interstellar radiation field (from the old stellar population) than in spirals arms, which could result in decreased mid-IR emission, since the PAHs are being heated less effectively (Draine et al. 2014; Whitcomb et al. 2024; Baron et al. 2025; Pathak et al. in prep).
At intermediate metallicities, from 12 + log(O/H) ∼ 8.2 to ∼8.6, our observations find a constant average RPAH*, with values for particular regions highly correlated with the ionization parameter. This conclusion is consistent with the results obtained by Egorov et al. (2023), who found only a weak secondary dependence of RPAH on metallicity for H II regions from four PHANGS-JWST galaxies spanning a range of 12 + log(O/H) = 8.3 − 8.7 (its presence is not confirmed here with the larger sample), and Sutter et al. (2024), who found a remarkably constant RPAH across the diffuse ISM in the same metallicity range. The same behavior of PAH fraction with metallicity was reproduced by models of Hirashita & Murga (2020) considering PAH and dust destruction affecting the dust size distribution in the ISM. Meanwhile, Whitcomb et al. (2024) derived a higher threshold from the Spitzer-IRS spectral observations of the radial strips in three nearby galaxies: they found that the PAH fraction does not change significantly for 12 + log(O/H) > 8.5, below which it steeply drops. Although our results are in very good qualitative agreement with Whitcomb et al. (2024) findings, we try to understand why the quantitative measurements differ.
One of the explanations for such a discrepancy could be a systematic offset in the metallicity owing to the difference in the methodology. Whitcomb et al. (2024) estimated metallicity relying only on the oxygen abundance gradients and position of the region in the galaxy, while in our study we measure the oxygen abundances for each H II region individually (by using a strong emission line calibration). For the only overlapping galaxy in our samples – NGC 628 – there are differences in both central oxygen abundances and metallicity gradients assumed in their work (12 + log(O/H) = 8.69 − 0.09 × r/re measured by Rogers et al. 2021 using “direct” Te-method) and derived by Groves et al. (2023) using the same oxygen abundance measurements as in our work (12 + log(O/H) = 8.533 − 0.054 × r/re). Such differences, if they result in a systematic bias, can easily explain ∼0.1 dex of the overall discrepancy in the metallicity where PAH fraction drops sharply. The discrepancies between empirical strong-line and “direct” methods are not surprising and are a long-standing problem (see, e.g., Kewley & Ellison 2008). However, Scal and Te calibration typically show reasonable agreement (e.g., Brazzini et al. 2024), and therefore differences in the methods alone are unlikely to explain ∼0.3 dex systematic shift in the metallicity of the threshold.
Our photometric approach to calculating the PAH fraction utilizes information about only a small number of PAH features, and does not allow precise continuum estimates, and thus can have some bias compared to spectral measurements. Whitcomb et al. (2024) is based on spectral observations, and compares all PAH emission to the total IR brightness (ΣPAH/TIR). As this correlates linearly with the PAH mass fraction, their ΣPAH/TIR can be scaled to RPAH*, to allow a more direct comparison. Estimating the average ΣPAH/TIR and RPAH* for the NGC 628 regions in both datasets, we find RPAH* ≃ 0.22 × ΣPAH/TIR. Using this scaling factor, we converted the results from Whitcomb et al. (2024) (using the average values in bins in their Fig. 4) to RPAH*, and show them as an orange line overlaid on our measurements in Fig. 6.
	[image: thumbnail]	Fig. 6. Same as Fig. 2, but here the blue and red curves correspond to different bins of low and high [O III]/Hβ (panel a) or [S II]/Hα (panel b), respectively. The orange curve and points are translated from the average values per metallicity bin in Fig. 4 in Whitcomb et al. (2024).



This comparison indicates another possible origin for the discrepancy in the threshold between the high- and low-metallicity regimes. Splitting our data into two subsamples with high and low [O III]/Hβ or [S II]/Hα (similarly to Fig. 2 for [S III]/[S II]), we find that considering only hard and soft ionization regions (that is, with high [O III]/Hβ and low [S II]/Hα, and vice versa) can lead to systematic differences in the position of the metallicity threshold: harder ionization regions exhibit a higher metallicity turnover. Interestingly, the low-metallicity end of the Whitcomb et al. (2024) curve coincides very well with our measurements when only regions with relatively hard ionizing spectra are considered. However, since their data in this tail correspond to kpc-sized bins that include diffuse ISM and H II regions, such ionization bias is very unlikely, and systematics in metallicity estimates remain the most probable explanation.
5.2. Is the PAH fraction physically linked with the properties of ionized gas?
By construction, each point in Fig. 5 represents an H II region. High physical resolution observations of a small subset of Galactic nebulae reveal sharp borders in the PAH emission (e.g., Hernández-Vera et al. 2023; Abergel et al. 2024; Chown et al. 2024). Given this, one can expect that efficient PAH destruction would produce much lower values of RPAH* than what is observed in Fig. 5. The PAH fraction should be around zero in all (especially the brightest) H II regions, which approximately corresponds to RPAH* ∼ 0.5 (see Fig. 7 in Sutter et al. 2024). However, such sharp borders between PAH emission and H II regions cannot be observed in relatively distant extragalactic objects even if the ionized gas is traced by high-resolution Paα JWST images (Pedrini et al. 2024). Instead, we see a gradual decrease with the ionization parameter even for the brightest “resolved” H II regions (Fig. 5c), with non-zero PAH fraction at any measured ratio of [S III]/[S II] (with the exception of some of the lowest metallicity regions). Here we consider physical and observational effects that can be responsible for the measured non-zero PAH fractions in H II regions and setting such a uniform observational trend with the [S III]/[S II] present across all galaxies in our sample. For all tests in the rest of this Section, we rely on RPAH (not RPAH*) measurements, which include the 7.7 μm and 11.3 μm PAH bands and are not dependent on the luminosity-sensitive conversion between RPAH* and RPAH. However, the results remain unchanged when using RPAH*.
5.2.1. Physical connection between the PAH fraction and the number of EUV photons.
By definition, the ionization parameter is proportional to the number of hydrogen-ionizing photons relative to the number of hydrogen atoms. The more such extreme UV (EUV) photons are present in a region, the higher the ionization parameter, and the more PAH molecules are exposed by such harsh ionizing radiation. Laboratory studies find that large PAHs are mostly photoionized when exposed to energies above 13.6 eV, and start experiencing photodissociation at energies below 20 eV (Wenzel et al. 2020). Because most EUV photons have the potential to destroy PAHs, it is primarily the number density of EUV photons and not the hardness of the UV spectrum that determines the efficiency of PAH destruction. The latter explains the absence of the secondary dependence of RPAH on [O III]/Hβ and metallicity for the high metallicity range (Figs. 5, 6, see also Egorov et al. 2023). From modeling, Murga et al. (2019) found that the characteristic timescale for the photodestruction of PAH-like grains decreases significantly with increasing radiation field intensity, providing another physical basis for the observed anti-correlation between RPAH and the ionization parameter. Overall, the scenario of ionization of PAHs and their subsequent destruction (through photodestruction or sputtering and fragmentation) regulated by the intensity of EUV ionizing radiation (and hence – ionization parameter) is consistent with the observed decrease in the RPAH in the H II regions compared to diffuse ISM (Fig. 4, see also Sutter et al. 2024; Pedrini et al. 2024).
5.2.2. PDRs dominate theRPAHmeasurements due to limited resolution.
As described in Sec. 3.1, we identified the borders of the H II regions based on the MUSE data, which have angular (and spatial) resolution lower than that of the JWST images. At the distance of our sample, our spatial masks defining borders of H II regions are not perfectly isolating them from the PDRs where the emission of PAHs dominates (e.g., Anderson et al. 2014). Even if the small number of H II regions in our sample are truly resolved, we still expect to see a contribution from PDRs and the diffuse ISM along the line-of-sight. Therefore, the non-zero values of RPAH can be naturally explained if the RPAH values reflect a combination of the surrounding diffuse ISM, PDRs, and the H II region within the nebular mask boundary. The observed anti-correlation could also reflect the strong link between the properties of the surrounding ISM (including PDRs) and ionized gas in H II regions. In particular, due to the leaky nature of H II regions (e.g., Oey et al. 2007; Della Bruna et al. 2021; Ramambason et al. 2020; Teh et al. 2023), EUV radiation can penetrate into surrounding ISM and ionize or destroy PAHs there, as described above. Therefore, the results in Fig. 5 can reflect the processes occurring in the zones of influence of H II regions rather than in H II regions themselves.
To test whether our measurements of RPAH are indeed significantly affected by the overestimated sizes of H II spatial masks, we compare the values of RPAH measured in circular apertures with radii equal to rcirc, 0.5 × rcirc, 0.25 × rcirc, where rcirc is circularized radius of the H II region derived from MUSE data, to the value recovered at the location of a local peak in Hα distribution within the H II region mask. The results of our test are shown in Fig. 7, where different colors correspond to distribution of the RPAH measured in the chosen aperture relative to that at the location of Hα peak, where [image: equation] is supposed to be minimal.
	[image: thumbnail]	Fig. 7. About 45% of the RPAH measurements are overestimated by more than 10% when measured in the MUSE-based apertures for H II regions compared to the values in their centers. Panel (a) shows the probability distribution of RPAH measured in different circular apertures for the same sample of H II regions related to the value of RPAH measured at the local peaks of Hα brightness within the H II region. Panel b demonstrate how such ratios change for different Hα luminosity bins. The different colors correspond to different outer radii of the circular aperture.



We do not see significant differences between the measurements made in the two reduced apertures compared to [image: equation] and to each other. However, about 45% of regions show higher RPAH by at least 10% when measured in the largest aperture corresponding to the adopted size of the H II regions in our analysis. As follows from Fig. 7b, the difference is greater in brighter regions, which likely indicates that we cannot isolate diffuse ISM from H II regions at all in the faintest areas using the JWST MIRI/F2100W resolution in our sample.
From this test, we can conclude that our integrated measurements in Fig. 5 are contaminated by a contribution from the PDR and surrounding diffuse ISM due to insufficient resolution to isolate H II regions. To test if this fact alone is responsible for the observed anti-correlation between RPAH and the ionization parameter, we tested also how RPAH* measured at the Hα peaks of the “resolved” H II regions changes with [S III]/[S II] and did not find significant differences with the Fig. 5c – the anti-correlation remains strong and can be fitted by Eq. (4). Therefore, we can rule out that this relation is the consequence of the aperture effect alone.
We note that the same effect as seen in Fig. 7 could be in principle observed even if our data allowed the perfect isolation of H II regions provided that PAHs are not completely destroyed or removed at the edges of H II regions. Recent JWST observations of the Horsehead nebula (Abergel et al. 2024) revealed photoevaporative flows from PDRs to the interior of the H II region visible in F770W and F335M filters centered on PAHs. The characteristic length of such features (∼0.05 pc) is much smaller than can be resolved in similar extragalactic regions. However, as was demonstrated by recent SDSS-V/LVM IFU observations, the central region of Orion (which includes the Horsehead nebula) is not representative of the population of extragalactic H II regions (Kreckel et al. 2024). Therefore, in principle, such an effect could be more prominent in the regions surrounding more energetic sources like what is seen in the PHANGS sample of H II regions. Furthermore, Bolatto et al. (2024) observed PAH emission closely resembling the ionized gas in outflow of M82 and argued that part of it can come from the surviving PAHs at the interface between the ionized and neutral ISM. Future statistical morphological analysis of a large sample of regions in the Local Group galaxies with very high resolution for both ionized gas (e.g., with the Paα emission line) and PAHs (using 3.35 μm feature) with JWST can provide clues about how steep the decrease in PAH abundance is in normal H II regions.
5.2.3. Time evolution of PAHs.
Independently of whether the result presented in Fig. 5 reflects the processes in H II regions or in the PDRs, the general behavior of this plot can be attributed also to the time evolution of the H II regions. Theoretical models and observational works demonstrate that at fixed H II region luminosity, the ionization parameter decreases as a function of time (e.g., Dopita et al. 2006; Scheuermann et al. 2023). From photoionization models, it follows that the observed line ratio [S III]/[S II] also decreases with the age of the ionizing star cluster even at the fixed value of ionization parameter (see Fig. C.1 in Appendix C). Therefore, the anti-correlation between RPAH and the [S III]/[S II] observed in Fig. 5 could reflect a time evolution of the PAH fraction in the ISM illuminated by EUV radiation, where each bin along the x-axis could be interpreted as a time stamp. However, a lack of correlation between RPAH and EW(Hα), another good tracer of the age of H II regions, makes this interpretation unlikely (Egorov et al. 2023).
5.2.4. Line-of-sight projection of the diffuse ISM onto H II regions.
Star-forming regions are embedded in the large reservoirs of the diffuse ISM. Therefore, some contamination of the measured fluxes in optical emission lines (from DIG) and in mid-IR bands (from neutral diffuse ISM) is expected. The absolute brightness of [S II] and especially [S III] is typically much lower in DIG than in H II regions, and thus its contribution along the line of sight should not significantly affect the observed [S III]/[S II] and the ionization parameter for most of the regions. Egorov et al. (2023) demonstrated that the anti-correlation between RPAH and the ionization parameter remains unchanged when only H II regions with high contrast over DIG are considered. The contamination of RPAH measurements by line of sight emission from the neutral ISM can be however much higher as the fluxes in mid-IR bands are typically high outside the star-forming regions (Leroy et al. 2023; Sandstrom et al. 2023b; Pathak et al. 2024). Below we consider if such contamination alone can explain the observed relation in Fig. 5.
To test this, we consider here a toy model of a spherical H II region with radius rHII located at the mid-plane of the galactic disk. We assume that the vertical density distribution of the dust in the disk is mimicking the gas density distribution and can be described by a Gaussian with the disk scale height hd. Also, we assume that the H II region is completely devoid of PAHs, and outside the H II region their volumetric density is distributed according to the same law as for dust grains. The latter assumption is in agreement with the findings by Sutter et al. (2024), who measured fairly constant distribution of RPAH ∼ 3.43 across the diffuse ISM of 19 PHANGS galaxies. We therefore assume in our toy model that outside the H II region, RPAH = RPAH0 = 3.43. Then we can estimate how RPAH should change with the size of H II region assuming that all PAHs that we observe toward H II region are from the diffuse ISM along the line of sight:
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where MPAH and Mdust are total masses of the PAHs and small grains along the line-of-sight in the aperture limited by the H II region footprint, ρPAH, ρdust, ρPAH0 and ρdust0 are volumetric densities of the PAHs and small dust grains in the particular volume dV and in the midplane of galactic disk outside H II region, respectively; z is the distance along the line-of-sight from the midplane; i is inclination of the galactic disk; SHII and VHII are the area in the galactic plane and the volume occupied by the H II region, respectively. We note as one of the caveats that this toy model does not account for the probable increase in PAH and dust masses and luminosities around the H II regions.
By definition, the ionization parameter is proportional to [image: equation], which means that it decreases with the expansion of the H II region (assuming constant density and ionizing flux). Photoionization models also reveal such a trend for [S III]/[S II] line ratio: while [S III]/[S II] increases with the ionizing photons rate Q0, it decreases with the radius of the region for each constant value of Q0 (see Appendix C). Therefore, to some extent, the [S III]/[S II] ratio should correlate with the size of the regions, and thus it can be assumed that the observed trend between RPAH and [S III]/[S II] can result from the RPAH vs. rHII relation, which in turn is expected from our toy model according to Eq. (5).
In Fig. 8a, we check if RPAH correlates with the H II size and if this correlation can be explained by our toy model. As a proxy of rHII, we consider circularized radii of H II regions [image: equation] derived by Barnes et al. (2025) from HST Hα narrow-band images (Chandar et al. 2025) for about 5000 H II regions in 19 PHANGS-JWST Cycle 1 galaxies. Unlike MUSE Hα images, HST observations resolve H II regions and provide more reliable measurements of their sizes. We indeed see the anti-correlation between sizes and RPAH. However, the scatter is much higher and the significance of the correlation is much weaker than for the RPAH vs [S III]/[S II] shown in panel b for the same subsample of regions and in the same 2D histogram representation for comparison. Note that the sizes in panel a are multiplied by cos(i) to take into account the galaxy inclination in the same way as in Eq. (5) for further comparison with the toy model. However, the scatter and the correlation coefficient improve insignificantly for the uncorrected values.
	[image: thumbnail]	Fig. 8. Histograms showing distribution of RPAH vs. the logarithm of the circularized radii of the H II regions derived from HST data (from Barnes et al. 2025; panel (a)), and vs the ionization parameter tracer log([SIII]/[SII]) (panel (b)). The colors denote the number of regions in each bin. The curved dashed, solid, and dotted lines in panel (a) show models defined by Eq. (5) with the disk scale height hd = 50, 100, and 400 pc, respectively. The red dashed line in panel (b) corresponds to Eq. (4). The anti-correlation between RPAH and the size of the H II region is much weaker than that with the ionization parameter, and can be partially explained by the contribution of the PAHs from the diffuse ISM along the line of sight.



In Fig. 8a, we overlaid the distribution of RPAH according to Eq. (5) for three adopted values of the PAH scale height: hd = 50, 100 and 400 pc. Our toy model generally shows reasonable agreement with the observations assuming hd = 50 pc, which is measured for molecular gas (Jeffreson et al. 2022), or hd = 100 pc, which is a fiducial scale height for the star-forming disks (Schinnerer & Leroy 2024) in spiral galaxies. However, a single value of hd cannot reproduce the whole range of RPAH measurements, and our toy model overestimates RPAH for the largest regions. The latter can be in principle explained by the violation of the assumption of spherical symmetry for the large H II regions that have a size comparable to the disk scale height. The model significantly overestimates RPAH if the PAHs are assumed to be distributed in a disk with hd ∼ 200 − 400 pc, which is typically estimated for H I in the central parts of galaxies (e.g., Yim et al. 2014; Bacchini et al. 2019; Patra 2020). Overall, observations show a steeper decrease in RPAH with growing [image: equation] than is seen in the model. Furthermore, if [image: equation] still overestimates the sizes of the H II regions, the observational data would shift further to the left of the model lines. Barnes et al. (2025) showed that the sizes indeed appear to be smaller than [image: equation] by ∼0.3 dex when computed from the second spatial moments of the emission within the source boundary. Therefore, we can conclude that within the assumption in our toy model, the effect of the line-of-sight projection can only partially explain RPAH vs [image: equation] (and to some extent – vs. [S III]/[S II]) if PAHs are distributed in the thin star-forming disk with scale height comparable to what is typically measured for molecular gas. Note, however, that the observations show that PAHs are also mixed with atomic gas in our Galaxy (e.g., Boulanger et al. 1985; Puget et al. 1985; Dwek et al. 1997), which means that they are not necessarily locked in such a thin disk.
To summarize this section, we conclude that most of the mechanisms considered here can contribute to the observed relation between RPAH and the ionization parameter. Contamination by diffuse ISM along the line of sight can lead to a higher RPAH at lower [S III]/[S II] ratio due to the secondary dependence of this ratio on the size of the H II region, although such projection effect alone is unlikely to completely explain the observed tight anti-correlation. The limited spatial resolution does not allow us to perfectly isolate the interiors of the H II regions from the PDRs, and therefore this relation probably reflects a link between the processes in the PDRs and the properties of the ionized gas. These processes lead to a decrease in RPAH in regions with a high ionization parameter (i.e., a high density of ionizing photons), while the hardness of the ionizing radiation is not important in the moderate- to high-metallicity regime. Regardless of whether these processes occur in PDRs or in the interface between ionized and neutral gases in the H II regions, the overall picture is consistent with the scenario in which PAHs are ionized and destroyed by hydrogen-ionizing photons. In the meantime, the particular physical mechanisms regulating PAH destruction remain uncertain, and the analysis of other spectral features sensitive to the physical properties of PAHs is thus required. In particular, upcoming 3.3 μm maps for PHANGS galaxies (Koizol et al., in prep.; Sandstrom et al. 2023b), combined with the 7.7 μm and 11.3 μm data presented here, will provide diagnostics of whether PAHs are destroyed primarily by ionization or by changes in their sizes (e.g., Draine et al. 2021; Baron et al. 2024; Dale et al. 2025).
5.3. PAH fraction is insensitive to SNe shocks at 50 pc scale
In previous sections, we focused mainly on the observational signatures of PAH destruction in the H II regions caused by the influence of EUV radiation. Meanwhile, theoretical works and observations suggest that shocks could also destroy PAHs (e.g., O’Halloran et al. 2006; Micelotta et al. 2010b; Zhang et al. 2022). In particular, more efficient PAH destruction by SNe shocks in low-metallicity galaxies was considered as one possible explanation of the metallicity dependence of the PAH fraction. PHANGS galaxies provide an excellent opportunity to test the role of supernova shocks in selective PAH destruction. In a recent paper, Li et al. (2024) presented a catalog of 964 isolated SNRs carefully selected with five different criteria (see details in Section 3.1). Here we analyze how RPAH averaged in 50 pc circular apertures around these isolated SNRs differs from what is derived in H II regions and the diffuse ISM and search for indications of the more localized signatures of PAH selective destruction.
Figure 9a shows the similar correlation between RPAH and the ionization parameter as in Fig. 5b with overlaid measurements for SNRs. As seen from this plot, SNRs typically have a smaller range of [S III]/[S II], which is expected as they have different ionization mechanisms compared to H II regions. Most SNRs are concentrated in the upper left part of the RPAH vs. [S III]/[S II] relation defined by Eq. (4), although RPAH for SNRs does not seem to depend strongly on [S III]/[S II] in the same way as it does for H II regions. However, assuming that Eq. (4) reflects the effects of photoionization and photodestruction of PAHs, not seeing such a clear dependence for SNRs is not surprising.
	[image: thumbnail]	Fig. 9. Distribution of RPAH vs. log([SIII]/[SII]) for the resolved H II regions (gray points; as in Fig. 5c) and isolated SNRs (red points). Panels (a) and (b) correspond to RPAH measurements from the observed and the local background subtracted fluxes. The black dashed line corresponds to the relation defined by Eq. (4). The cyan contours show the probability density distribution for H II regions; the levels correspond to 65, 80, 95, and 99 percentile intervals.



In Fig. 10a, we compare RPAH for SNRs and diffuse ISM for the two metallicity bins covered by the Li et al. (2024) sample in the same way as we did for H II regions in Sec. 4.1. If shocks are important for selective PAH destruction, and if their effect can be measured at 50 pc scales, we would expect to see lower RPAH for SNRs compared to diffuse ISM. However, we do not see any significant differences in Fig. 9a or 10a.
	[image: thumbnail]	Fig. 10. Same as Fig. 4, but for SNRs (orange) compared to the diffuse ISM (blue). Panels (a) and (b) correspond to RPAH measurements from the observed and the local background subtracted fluxes. SNRs do not reveal a decrease in RPAH measured from the observed fluxes indicating that SN shocks are unlikely major contributors to the selective PAH destruction at 50 pc scale. A more localized effect is evident from the background-subtracted measurements.



The SNRs are often faint in mid-IR emission and show limited contrast with the background. To better isolate the localized effects of SNRs, we repeat the same analysis by measuring RPAH from the local background-subtracted fluxes, as described in Sec. 3.3. About 65% of the original sample of SNRs reveal the signal in all three considered MIRI bands after the backround removal, thus ensuring that the measured residual signal from SNRs is not a result of random fluctuations. For comparison, similar background subtraction for diffuse ISM regions (which are nearly homogeneous by construction) resulted in 34% positive residuals, which is close to what is expected from the noise distribution. The resulting values of RPAH are scattered on the RPAH vs. [S III]/[S II] plot (Fig. 9b) demonstrating that the correlation defined by Eq. (4) is not applicable for SNRs. Meanwhile, we can recover the lower RPAH at the SNRs locations compared to the original measurements for diffuse ISM in Fig. 10b.
This test demonstrates that the effects of SNe shocks on the PAH fraction without a diffuse background correction are indistinguishable in unresolved studies, most likely because of the dominant contribution of the IR emission from the diffuse ISM in the aperture. Therefore, the signatures of the selective PAH destruction by shocks can be identified at the SNR locations, but is not dominant on 50 pc scales as high contamination by the diffuse ISM prevents their detection. This means that selective PAH destruction by SN shocks, suggested earlier to explain the decrease in the PAH fraction at low metallicities, is unlikely to affect a global PAH fraction on galaxy scales.
6. Summary
Based on the JWST MIRI and NIRCam imaging and MUSE integral field spectroscopic observations of 42 nearby galaxies, we investigated how the dust mass fraction of PAHs traced by mid-IR emission (RPAH) is linked to and/or regulated by the properties of the ionized gas in star-forming regions. The galaxies in our sample are from the PHANGS sample and cover stellar masses from 1.5 × 109 to 1.2 × 1011 M⊙, with individual H II regions having oxygen abundances mostly from 12 + log(O/H) from 8.0 to 8.8 (i.e., 0.2 − 1.3 Z⊙) and located at distances from 5 to 23 Mpc (i.e., allowing spatial resolution of < 100 pc with MUSE and < 80 pc with JWST at 21 μm, the longest wavelength considered here). Using the spatial masks (derived from the MUSE Hα images), we isolated the H II regions from the diffuse ISM and measured the RPAH ratio, which traces PAH fraction, for every H II region and a control sample of diffuse ISM regions. For 19 more massive (and metal-rich) galaxies, we also measured RPAH in the circular 50 pc apertures surrounding the sample of SNRs isolated from H II regions. Comparing the measured values of RPAH with the properties of the ionized gas, we obtained the following main results:

	
The PAH fraction drops at metallicities 12 + log(O/H) < 8.2 in H II regions and in the diffuse ISM. Above this limit, it is relatively insensitive to metallicity. PAHs could be destroyed more efficiently in the low-metallicity H II regions due to the higher UV hardness. At the same time, the same steep decrease for the diffuse ISM indicates a possible less efficient formation of PAHs in low-metallicity environments.



	
The PAH fraction for H II regions is significantly lower than for the diffuse ISM at all metallicities considered here. We argue that PAHs are being destroyed in H II regions by intense hydrogen-ionizing radiation.



	
We find a strong anticorrelation between RPAH and the ionization parameter (traced by the log([SIII]9069/[SII]6717 + 6731) emission line ratio) across our large sample of relatively high-metallicity H II regions with 12 + log(O/H) > 8.2.



	
We argue that the relation between the PAH fraction and the ionization parameter is driven by a physical connection between the properties of the ionized gas and PAHs at the edges of H II regions and PDRs. Assuming that PAHs are distributed in the thin disk, the effects of line-of-sight projection also contribute significantly to the observed relation, but cannot completely explain it.



	
We do not see differences in the PAH fraction between diffuse ISM and isolated SNRs when measured from the observed JWST/MIRI band ratios. Only by applying careful local background subtraction do we recover evidence of PAH destruction at SNR sites. This indicates that supernova shocks do not contribute significantly to the selective PAH destruction when averaged over 50 pc scales. In particular, the previously suggested explanation of the metallicity dependence of the PAH fraction resulting from higher SN activity in low-metallicity galaxies seems to be unlikely.




Overall, our results agree with the scenario of PAH ionization and destruction by hydrogen-ionizing photons in star-forming regions, and of less efficient formation of PAHs in the low-metallicity environment. The particular physical mechanisms, spatial scales and timescales for PAH destruction remain unclear. Future systematic resolved studies of extragalactic H II regions and their surroundings now possible with JWST by imaging of the ionized gas (via Paα emission line) and the small PAHs glowing at 3.3 μm, or by resolved spectroscopy with NIRSpec and MIRI-MRS will certainly provide a huge next step in our understanding of the PAH evolution cycle.

[bookmark: S21]Data availability
The catalog with our measurements described in Appendix D is available at the CDS via https://cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/703/A103


1 https://github.com/PhangsTeam/pjpipe


2 https://stpsf.readthedocs.io/en/latest/


3 https://archive.eso.org/scienceportal/home?data_collection=PHANGS


4 https://github.com/emsellem/pymusepipe


5 https://gitlab.com/francbelf/ifu-pipeline


6 This size roughly corresponds to the resolution of the JWST MIRI F2100W images for the most distant galaxies in our sample; using diameters of 100 pc, as in Li et al. 2024 paper, or 25 pc does not affect the results presented below.
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Appendix A:  Testing effects of background and stellar continuum subtraction
The present study relies on measurements of the brightness in mid-IR photometric bands that contain not only emission from PAHs or very small grains but also emission from the considered regions but also contaminated by stellar continuum and background emission from diffuse ISM. The effects of subtraction of stellar populations were analyzed in detail by Sutter et al. (2024), Baron et al. (2025), and discussed in Sec. 3.3. Here we additionally demonstrate that it does not significantly affect F770W/F1130W except causing some non-linear dependence on log L(Hα) for the faintest H II regions (log L(Hα) < 37; see Fig. A.1a,b). In extreme cases, this can give up to 0.05 dex difference RPAH and thus do not affect our results.
	[image: thumbnail]	Fig. A.1. Band ratio F770W/F2100W grows with the Hα luminosity of the H II regions. This effect is seen for both observed (panel a) and stellar continuum subtracted (panel b) data in F770W. Panels c and d show the same line ratios after local background subtraction. The color denotes the number density of the regions, and the cyan curve represents a smoothed running median across the Hα luminosities.



The brightness in all mid-IR bands considered here shows a tight semilinear correlation with the extinction-corrected Hα brightness (Leroy et al. 2023), which we also see in the integrated measurements for the H II regions. We find that subtraction of the local background does not affect this linear correlation but only leads to a systematic offset and a slight change in the slope of that correlation. Meanwhile, this removing background produces noticeable changes in F770W/F1130W and F770Wss/F1130W ratios: their dependence on log(Hα) has large scatter and becomes non-linear (Fig. A.1c,d), in contrast with those based on original flux measurements (panels a,b). In turn, this can result in stronger disagreement between the measurements RPAH and RPAH*, and therefore we provide a separate calibration for the background-subtracted version of RPAH* (see Appendix B). Meanwhile, background subtraction does not significantly affect the measurements of RPAH itself (and thus recalibrated version of RPAH*). Thus, Fig. A.2 demonstrate that RPAH* after background subtraction still shows the same strong correlation with log([SIII]/[SII]) as in Fig. 5, with a slightly larger scatter and small systematic offset (< 0.1 dex) relative to the linear trend defined by Eq. (4). Therefore, mostly to prevent an increase in the scatter, we use original measurements without background subtraction. Note, however, that the local background subtraction is crucial for interpretation of the comapact sources, such as SNRs (see Sec. 5.3).
	[image: thumbnail]	Fig. A.2. Same as Fig. 5c,d, but for RPAH* derived from the local background subtracted measurements. The background subtraction does not affect the conclusions made for H II regions.




Appendix B:  Calibration of RPAH* prescription
	[image: thumbnail]	Fig. B.1. Ratio of two tracers of PAH mass fraction (RPAH and RPAH*) for ∼12000 H II regions from 19 PHANGS galaxies (top row) depending on RPAH (left panel) and monochromatic luminosity Lν(F770Wss) (right panel). Cyan and black denote regions with hydrogen ionizing photons rate Q0 > 1050 s−1 and Q0 < 1050 s−1, respectively. RPAH* and RPAH are consistent with each other for most of the regions, but RPAH* systematically overestimates PAH fraction for the luminous H II regions. The bottom row demonstrates the same ratio with RPAH* calculated after applying correction described in the text.



	[image: thumbnail]	Fig. B.2. Same as Fig. B.1, but after removing the local background from the flux measurements in all involved JWST bands.



Since F1130W-band images necessary for calculating RPAH are not available for most galaxies in our sample, we rely on RPAH* ∼ F770Wss/F2100W as a tracer of the PAH fraction. Sutter et al. (2024) demonstrated that RPAH* = 2.57 × F770Wss/F2100W provide a very good agreement with RPAH measurements when applied to diffuse ISM. Fig. A.1 shows that F770W/F1130W is not constant in the range of Hα luminosities considered here. Thus, here we refine RPAH* prescription from Sutter et al. (2024) against RPAH measurements to make it applicable for nebulae of different luminosities.
The top panels of Fig. B.1 shows how the ratio between original RPAH* (from Sutter et al. 2024 approximation) and RPAH changes with RPAH and F770W derived for our sample of H II regions from 19 PHANGS galaxies. In agreement with Sutter et al. (2024) findings for diffuse ISM, RPAH* yields very consistent values with RPAH when measured in relatively faint H II regions, and the typical scatter around the 1-to-1 relation is within 0.05 dex (< 12%). However, RPAH* is systematically higher (by ∼7 − 17%) than RPAH in bright star-forming regions H II regions. For example, cyan color in Fig. B.1 shows the regions more luminous than L(Hα)∼1 − 3 × 1038 erg s−1, which roughly corresponds to Q0 ∼ 1050 s−1, or an H II region ionized by 4–5 OV5 stars assuming no escape of ionizing photons. Most probably, this observed trend reflects the different band F1130W/F770W ratio (depending on the PAHs ionization or the radiation field spectrum) toward the bright and faint H II regions. Fig. A.1 (see also Egorov et al. 2023) shows that low F770W/F1130W tends to be observed preferentially in faint H II regions. Baron et al. (2025) revealed strong correlation between F1130W/F770W and [S II]/Hα, which also implies that higher values of F770W/F1130W are expected from the diffuse ISM (in general showing higher [S II]/Hα compared to the H II regions, Belfiore et al. 2022). Finally, Baron et al. (2025) found that some regions with anomalously low F770W/F1130W ratios also have elevated stellar-to-PAH ratios (i.e., F200W/F770W) different from those adopted by Sutter et al. (2024) for calculating F770Wss.
The top right panel of Fig. B.1 demonstrates that RPAH*/RPAH ratio correlates with a logarithm of monochromatic luminosity logLν(F770Wss) and can be well approximated by the second-order polynomial:
[image: thumbnail](B.1)
Here the best-fit result is obtained with a2 = −0.00832 ± 0.00081, a1 = 0.4881 ± 0.0403, and a0 = −6.01 ± 0.52. The uncertainties are obtained as the standard deviation of the measured coefficients across 500 randomly bootstrapped samples, each comprising 2/3 of the original dataset. Dividing the RPAH* measurements by the Lν(F770Wss)-dependent multiplicative factor defined by this equation, we put them into agreement with RPAH across the entire range of RPAH and Lν(F770Wss) values and Hα luminosities (see bottom panels of Fig. B.1. Therefore, in this study we use the RPAH* refined in such a way (and thus derived with Eqs. (1, (2)).
Removing the local background changes the F770Wss (and thus Lν(F770Wss)) values and thus such a non-linear correction can be invalid when applied to the background-subtracted measurements. Indeed, Fig. B.2 shows the same distributions as in Fig. B.1, but for the measurements made after removing the local background. Unlike previously discussed, RPAH* prescription from Sutter et al. (2024) and RPAH measurements have a nearly constant multiplicative offset by a factor of ∼1.15 for the entire sample of H II regions. For consistency, we approximate it with the same second-order polynomial (Eq. (B.1)), but with different best-fit coefficients: a2 = −0.02009 ± 0.00141, a1 = 1.0597 ± 0.0736, and a0 = −12.81 ± 0.96. All RPAH* values relying on the background-subtracted measurements are calculated using these coefficients (namely, with Eqs. (1, 3).

Appendix C:  Linking observational properties of H II regions with Cloudy models
	[image: thumbnail]	Fig. C.1. Dependence between different observational and physical parameters derived from the BOND models (Vale Asari et al. 2016) produced with the Cloudy photoionization code (Ferland et al. 2017). Panel a: log([SIII]/[SII]) vs the logarithm of the ionization parameter, log(U), color-coded with the age of the ionizing star cluster. log([SIII]/[SII]) strongly correlates with the ionization parameter, with the secondary dependence on the age. Panel b: log([SIII]/[SII]) vs logarithm of the outer size of the H II region, log(Rout), color-coded by the logarithm of the hydrogen ionizing photons rate, log(Q0). At the fixed value of the ionizing flux, the observed log([SIII]/[SII]) depends on the size of the region. Panel c: Dependence of F8μm/F24μm, similar to RPAH*, on the log([SIII]/[SII]). The existing Cloudy models can only partially reproduce the trend seen in Fig. 5.



Similarly to Egorov et al. (2023), this study relies on the [S III]/[S II] emission lines ratio as a tracer of the ionization parameter (see, e.g., Diaz et al. 1991; Kewley et al. 2019). Based on photoionization models, here we demonstrate this dependence, as well as a secondary relation of this ratio on other physical properties considered in this study.
For simplicity, we considered existing “BOND” models (Vale Asari et al. 2016) accessible via the 3MdB database (Morisset et al. 2015). The photoionization model grids were produced using the Cloudy v17.01 code (Ferland et al. 2017) by varying the parameters of the cloud (its size and geometry, oxygen and nitrogen abundances) and ionizing source (age of the cluster and input ionization parameter) as described in Vale Asari et al. (2016). We only consider models with oxygen abundance 12 + log(O/H) = 7.6…9.0, ionization parameter log(U) = − 5…−1, and hydrogen density log(nH/cm−3) = 0…2.5 spanning the properties of the H II regions in this study.
Fig. C.1a shows that log([SIII]/[SII]) indeed linearly depends on the logarithm of the ionization parameter, although it also exhibits a clear secondary dependence on the age of the ionizing star cluster: the [S III]/[S II] ratio is typically lower for older regions of the same ionization parameter. As discussed in Sec. 4.2 and in Egorov et al. (2023), our interpretation of the observational dependence of the PAH fraction on the ionization parameter is unlikely to be biased by this secondary dependence on the age as we do not observe a correlation with other age-sensitive tracers like EW(Hα).
By definition, log U linearly depends on the logarithm of the hydrogen ionizing photons rate, log(Q0), and thus log([SIII]/[SII]) must do. This is indeed seen in Fig. C.1b. This plot also demonstrates that at constant ionizing photon rate (and thus mass and age of the ionizing cluster), larger H II regions exhibit lower [S III]/[S II] line ratio. This secondary dependence is a reason why the line-of-sight projection effect can be partially responsible for the observed correlation between RPAH and log([SIII]/[SII]) (see discussion in Sec. 4.2).
Cloudy code does not calculate all the chemical reaction taking place in the PDRs and depends on the input from the dedicated sub-grid models. By default, it considers simplified, but reasonable process of PAH destruction in H II regions: PAH fraction qPAH linearly decreases with the fraction of the ionized hydrogen, H+/(H+ + H0), at the particular radius. In turn, the ionization fraction directly depends on the number of the hydrogen ionizing photons available to ionize the ISM. PAH fraction in PDRs unaffected by the ionizing radiation is defined by the net chemical reactions depending on the dust content and size distribution, and thus related to the processes of the PAH formation rather then of their destruction. In principle, such a simplified picture is in qualitative agreement with our proposed interpretation of the observational results. Therefore, we expect to see in integrated Cloudy models a dependence between RPAH and [S III]/[S II] similar (although, not necessarily identical) to what is presented in Figs. 5. Figure C.1c shows such a dependence, where F8μm/F24μm (corresponding to the modeled brightness at Spitzer IRAC4/MIPS24 bands) is given as RPAH tracer. This tracer must produce qualitatively similar results to those obtained with RPAH*.
In Fig. C.1c, we indeed observe a similar decrease in IRAC4/MIPS24 with [S III]/[S II] to what is seen for the observed H II regions. However, there are several noticeable differences between these simple Cloudy models and the observations. The models exhibit much larger scatter of IRAC4/MIPS24 in the high-metallicity regime than RPAH or RPAH* in the observations, with some region having almost no surviving PAHs even for low values of the [S III]/[S II] ratio. Furthermore, the metallicity dependence is noticeable in this plot, while it is absent in the observational results. Similarly to the observations, the Cloudy models reproduce a different behavior of the PAH fraction tracer with [S III]/[S II] in the low-metallicity regime (12 + log(O/H) < 8.2), however, the resulting PAH fraction in the models is significantly higher than in the observations (especially for high [S III]/[S II] ratio). Therefore, despite the qualitative agreement, the real evolution of PAHs around H II regions is more complex and PAH destruction is unlikely just linearly dependent on the ionization fraction as assumed in the Cloudy models.

Appendix D:  Online catalog
We report most of the measurements used or derived in this work in the online table accessible at the CDS. A list of the columns included in the catalog is provided in Table D.1. The table contains information on 17151 H II regions and 396 SNRs selected according to the S/N and environmental criteria presented in Sections 3.1 and 3.2. The parent samples of H II regions and SNRs for the 19 PHANGS-MUSE galaxies are taken from the catalogs of Groves et al. (2023) and Li et al. (2024), respectively. The full catalog of H II regions for 23 additional galaxies will be published in future work (Egorov et al., in prep.). The exact identification of H II regions in that work may differ from what is presented here.
Table D.1. 
Columns in the catalog accessible at the CDS.
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All Figures
	[image: thumbnail]	Fig. 1. Distribution of log(RPAH*) vs. oxygen abundance color-coded by log([SIII]/[SII]) (tracer of the ionization parameter) for all H II regions in the sample. The red circles show the average values in different metallicity bins (reported in Table 2). The vertical gray dashed line marks 12 + log(O/H) = 8.2 as a threshold between the low- and high-metallicity regimes. The horizontal dashed line corresponds to the average RPAH for diffuse ISM measured by Sutter et al. (2024). The black squares correspond to measurements for WLM and NGC6822 (from low- to high-metallicity) made by (Chown et al. 2025a) using JWST F770W and F2100W images. The PAH fraction drops significantly in the low-metallicity regime.
In the text



	[image: thumbnail]	Fig. 2. Distribution of RPAH* vs. oxygen abundance for the entire sample of H II regions (gray histogram with intensity tracing the probability density), and average distribution for two bins in log([S III]/[S II]). The dashed lines are the same as in Fig. 1. The black squares represent measurements for WLM, NGC6822 (as in Fig. 1), the SMC, and the LMC from Chown et al. (2025a), listed in order of increasing metallicity. Spitzer IRAC4 and MIPS24 filters were used to estimate RPAH* for the SMC and LMC (Chown et al. 2025a).
In the text



	[image: thumbnail]	Fig. 3. RPAH* (see color bar at right) calculated on the regularly distributed bins with unique O/H and [S III]/[S II] values. The metallicity and ionization parameters are both important for setting up the PAH fraction.
In the text



	[image: thumbnail]	Fig. 4. Distribution of RPAH* for resolved (luminous) H II regions (orange) and the regions of similar size from the diffuse ISM (blue) for several gas-phase metallicity bins. The one dashed line and the two dotted lines on each distribution show the median and 25 and 75 percentile quartiles, respectively. Both RPAH and RPAH* are lower in the H II regions than in the diffuse ISM. A strong decrease in RPAH* in the lowest metallicity bin is seen for the H II regions and the diffuse ISM.
In the text



	[image: thumbnail]	Fig. 5. PAH fraction anti-correlates with log([S III]/[S II]) (ionization parameter tracer) for thousands of H II regions in 42 PHANGS-JWST galaxies. Panels (a, b) shows all ∼17 200 analyzed H II regions, while the ∼5600 brightest resolved H II regions are shown in panels (c, d). The dashed red line shows the best-fit linear regression to the resolved sample defined by Eq. (4). The histograms in panels (b, d) show how the logarithmic residuals after subtracting this linear trend depend on metallicity. The color in panels (a, c) denotes gas-phase oxygen abundance; the red contours show the probability density of the high-metallicity (12 + log(O/H) > 8.2) points; the levels correspond to 50, 65, 80, 95, and 99 percentile intervals. The Spearman correlation coefficient (ρ) and RMS scatter around the linear fit are reported in panels (a, c).
In the text



	[image: thumbnail]	Fig. 6. Same as Fig. 2, but here the blue and red curves correspond to different bins of low and high [O III]/Hβ (panel a) or [S II]/Hα (panel b), respectively. The orange curve and points are translated from the average values per metallicity bin in Fig. 4 in Whitcomb et al. (2024).
In the text



	[image: thumbnail]	Fig. 7. About 45% of the RPAH measurements are overestimated by more than 10% when measured in the MUSE-based apertures for H II regions compared to the values in their centers. Panel (a) shows the probability distribution of RPAH measured in different circular apertures for the same sample of H II regions related to the value of RPAH measured at the local peaks of Hα brightness within the H II region. Panel b demonstrate how such ratios change for different Hα luminosity bins. The different colors correspond to different outer radii of the circular aperture.
In the text



	[image: thumbnail]	Fig. 8. Histograms showing distribution of RPAH vs. the logarithm of the circularized radii of the H II regions derived from HST data (from Barnes et al. 2025; panel (a)), and vs the ionization parameter tracer log([SIII]/[SII]) (panel (b)). The colors denote the number of regions in each bin. The curved dashed, solid, and dotted lines in panel (a) show models defined by Eq. (5) with the disk scale height hd = 50, 100, and 400 pc, respectively. The red dashed line in panel (b) corresponds to Eq. (4). The anti-correlation between RPAH and the size of the H II region is much weaker than that with the ionization parameter, and can be partially explained by the contribution of the PAHs from the diffuse ISM along the line of sight.
In the text



	[image: thumbnail]	Fig. 9. Distribution of RPAH vs. log([SIII]/[SII]) for the resolved H II regions (gray points; as in Fig. 5c) and isolated SNRs (red points). Panels (a) and (b) correspond to RPAH measurements from the observed and the local background subtracted fluxes. The black dashed line corresponds to the relation defined by Eq. (4). The cyan contours show the probability density distribution for H II regions; the levels correspond to 65, 80, 95, and 99 percentile intervals.
In the text



	[image: thumbnail]	Fig. 10. Same as Fig. 4, but for SNRs (orange) compared to the diffuse ISM (blue). Panels (a) and (b) correspond to RPAH measurements from the observed and the local background subtracted fluxes. SNRs do not reveal a decrease in RPAH measured from the observed fluxes indicating that SN shocks are unlikely major contributors to the selective PAH destruction at 50 pc scale. A more localized effect is evident from the background-subtracted measurements.
In the text



	[image: thumbnail]	Fig. A.1. Band ratio F770W/F2100W grows with the Hα luminosity of the H II regions. This effect is seen for both observed (panel a) and stellar continuum subtracted (panel b) data in F770W. Panels c and d show the same line ratios after local background subtraction. The color denotes the number density of the regions, and the cyan curve represents a smoothed running median across the Hα luminosities.
In the text



	[image: thumbnail]	Fig. A.2. Same as Fig. 5c,d, but for RPAH* derived from the local background subtracted measurements. The background subtraction does not affect the conclusions made for H II regions.
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	[image: thumbnail]	Fig. B.1. Ratio of two tracers of PAH mass fraction (RPAH and RPAH*) for ∼12000 H II regions from 19 PHANGS galaxies (top row) depending on RPAH (left panel) and monochromatic luminosity Lν(F770Wss) (right panel). Cyan and black denote regions with hydrogen ionizing photons rate Q0 > 1050 s−1 and Q0 < 1050 s−1, respectively. RPAH* and RPAH are consistent with each other for most of the regions, but RPAH* systematically overestimates PAH fraction for the luminous H II regions. The bottom row demonstrates the same ratio with RPAH* calculated after applying correction described in the text.
In the text



	[image: thumbnail]	Fig. B.2. Same as Fig. B.1, but after removing the local background from the flux measurements in all involved JWST bands.
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	[image: thumbnail]	Fig. C.1. Dependence between different observational and physical parameters derived from the BOND models (Vale Asari et al. 2016) produced with the Cloudy photoionization code (Ferland et al. 2017). Panel a: log([SIII]/[SII]) vs the logarithm of the ionization parameter, log(U), color-coded with the age of the ionizing star cluster. log([SIII]/[SII]) strongly correlates with the ionization parameter, with the secondary dependence on the age. Panel b: log([SIII]/[SII]) vs logarithm of the outer size of the H II region, log(Rout), color-coded by the logarithm of the hydrogen ionizing photons rate, log(Q0). At the fixed value of the ionizing flux, the observed log([SIII]/[SII]) depends on the size of the region. Panel c: Dependence of F8μm/F24μm, similar to RPAH*, on the log([SIII]/[SII]). The existing Cloudy models can only partially reproduce the trend seen in Fig. 5.
In the text
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	IC1954
	12.8
	5.57
	9.67
	0.36
	8.28 − 8.56
	593
	−
	Cycle 26
	0108.B-0249 PI: Kreckel5



	IC5273
	14.2
	6.31
	9.72
	0.54
	8.31 − 8.51
	204
	−
	Cycle 26
	099.B-0242 PI: Carollo



	IC5332
	9.0
	7.95
	9.67
	0.41
	8.23 − 8.56
	203
	6
	Cycle 17
	PHANGS-MUSE LP8



	NGC628
	9.8
	14.15
	10.34
	1.75
	8.4 − 8.65
	550
	16
	Cycle 17
	PHANGS-MUSE LP8



	NGC1068
	14.0
	12.41
	10.91
	43.33
	8.58 − 9.15
	366
	−
	Cycle 26
	094.B-0298 PI: Walcher; 094.B-0321 PI: Marconi



	NGC1087
	15.8
	6.85
	9.93
	1.31
	8.27 − 8.54
	741
	14
	Cycle 17
	PHANGS-MUSE LP8



	NGC1097
	13.6
	20.87
	10.76
	4.74
	8.57 − 9.11
	37
	−
	Cycle 26
	60.A-9487, 097.B-0640 PI: Gadotti



	NGC1300
	19.0
	16.41
	10.62
	1.17
	8.35 − 8.66
	487
	4
	Cycle 17
	PHANGS-MUSE LP8



	NGC1317
	19.1
	8.53
	10.62
	0.48
	8.54 − 9.1
	56
	−
	Cycle 26
	109.2332.001 PI: Belfiore



	NGC1365
	19.6
	34.22
	10.99
	16.90
	8.36 − 8.68
	453
	8
	Cycle 17
	PHANGS-MUSE LP8



	NGC1385
	17.2
	8.53
	9.98
	2.09
	8.31 − 8.57
	732
	15
	Cycle 17
	PHANGS-MUSE LP8



	NGC1433
	18.6
	16.78
	10.87
	1.13
	8.49 − 8.67
	236
	1
	Cycle 17
	PHANGS-MUSE LP8



	NGC1512
	18.8
	23.10
	10.71
	1.28
	8.47 − 8.67
	217
	1
	Cycle 17
	PHANGS-MUSE LP8



	NGC1566
	17.7
	18.60
	10.78
	4.54
	8.42 − 8.66
	1213
	53
	Cycle 17
	PHANGS-MUSE LP8



	NGC1672
	19.4
	17.36
	10.73
	7.60
	8.33 − 8.64
	704
	5
	Cycle 17
	PHANGS-MUSE LP8



	NGC1808
	12.8
	161.11
	9.36
	1.28
	8.55 − 8.9
	47
	−
	Cycle 26
	0102.B-0617 PI: Fluetsch



	NGC2775
	23.2
	14.30
	11.07
	0.87
	8.53 − 8.95
	94
	−
	Cycle 26
	0104.B-0404 PI: Erwin



	NGC2835
	12.2
	11.40
	10.00
	1.24
	8.24 − 8.6
	481
	19
	Cycle 17
	PHANGS-MUSE LP8



	NGC2903
	10.0
	17.37
	10.63
	3.08
	8.53 − 8.84
	70
	−
	Cycle 26
	111.24KE.001 PI: Barnes



	NGC3239
	10.9
	5.71
	9.17
	0.39
	7.91 − 8.24
	330
	−
	Cycle 26
	0108.B-0249 PI: Kreckel5



	NGC3351
	10.0
	10.47
	10.36
	1.32
	8.52 − 8.73
	175
	6
	Cycle 17
	PHANGS-MUSE LP8



	NGC3368
	11.2
	13.47
	10.74
	0.72
	8.56 − 8.65
	3
	−
	Cycle 26
	0104.B-0404 PI: Erwin



	NGC3521
	13.2
	16.02
	11.02
	3.72
	8.52 − 8.69
	205
	−
	Cycle 26
	099.B-0242 PI: Carollo



	NGC3596
	11.3
	5.98
	9.66
	0.30
	8.38 − 8.68
	666
	−
	Cycle 26
	0108.B-0249 PI: Kreckel5



	NGC3626
	20.0
	8.59
	10.46
	0.21
	8.6 − 9.16
	29
	−
	Cycle 26
	0104.B-0404 PI: Erwin



	NGC3627
	11.3
	16.93
	10.83
	3.84
	8.47 − 8.64
	624
	18
	Cycle 17
	PHANGS-MUSE LP8



	NGC4254
	13.1
	9.59
	10.42
	3.07
	8.42 − 8.69
	1686
	70
	Cycle 17
	PHANGS-MUSE LP8



	NGC4303
	17.0
	17.02
	10.52
	5.33
	8.45 − 8.69
	1519
	65
	Cycle 17
	PHANGS-MUSE LP8



	NGC4321
	15.2
	13.48
	10.75
	3.56
	8.42 − 8.71
	851
	36
	Cycle 17
	PHANGS-MUSE LP8



	NGC4424
	16.2
	7.16
	9.91
	0.30
	8.49 − 8.55
	5
	−
	Cycle 26
	097.D-0408 PI: Anderson



	NGC4457
	15.1
	6.13
	10.42
	0.31
	8.56 − 8.9
	58
	−
	Cycle 26
	109.2332.001 PI: Belfiore



	NGC4496A
	14.9
	7.29
	9.53
	0.61
	8.18 − 8.61
	528
	−
	Cycle 26
	0108.B-0249 PI: Kreckel; 0100.B-0116 PI: Carollo



	NGC4535
	15.8
	18.69
	10.53
	2.16
	8.47 − 8.69
	457
	17
	Cycle 17
	PHANGS-MUSE LP8



	NGC4548
	16.2
	13.08
	10.69
	0.52
	8.58 − 8.64
	2
	−
	Cycle 26
	109.22VU.001 PI: Erwin



	NGC4694
	15.8
	4.57
	9.86
	0.16
	8.26 − 8.5
	4
	−
	Cycle 26
	109.2332.001 PI: Belfiore



	NGC4731
	13.3
	12.22
	9.48
	0.60
	8.04 − 8.41
	316
	−
	Cycle 26
	0111.C-2109 PI: Egorov5



	NGC4781
	11.3
	6.10
	9.64
	0.48
	8.22 − 8.55
	759
	−
	Cycle 26
	0111.C-2109 PI: Egorov5



	NGC4941
	15.0
	7.32
	10.17
	0.44
	8.51 − 9.02
	49
	−
	Cycle 26
	096.B-0309 PI: Carollo



	NGC5068
	5.2
	5.66
	9.40
	0.28
	8.16 − 8.51
	667
	39
	Cycle 17
	PHANGS-MUSE LP8



	NGC5248
	14.9
	8.81
	10.41
	2.29
	8.52 − 8.69
	90
	−
	Cycle 26
	097.B-0640 PI: Gadotti



	NGC7456
	15.7
	9.39
	9.64
	0.37
	8.11 − 8.49
	344
	−
	Cycle 26
	0111.C-2109 PI: Egorov5



	NGC7496
	18.7
	9.12
	10.00
	2.26
	8.3 − 8.64
	300
	3
	Cycle 17
	PHANGS-MUSE LP8





      

      
Notes. 1 Anand et al. (2021a,b); Shaya et al. (2017), Kourkchi et al. (2020); 2Paturel et al. (2003); 3Leroy et al. (2021); 4Li et al. (2024); 5Egorov et al., in prep.; 6ID 03707 PI: Leroy (Chown et al. 2024); 7ID 02107 PI: Lee (Lee et al. 2023; Williams et al. 2024); 8Emsellem et al. (2022).



    

  
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        Distribution of log(RPAH*) vs. oxygen abundance color-coded by log([SIII]/[SII]) (tracer of the ionization parameter) for all H II regions in the sample. The red circles show the average values in different metallicity bins (reported in Table 2). The vertical gray dashed line marks 12 + log(O/H) = 8.2 as a threshold between the low- and high-metallicity regimes. The horizontal dashed line corresponds to the average RPAH for diffuse ISM measured by Sutter et al. (2024). The black squares correspond to measurements for WLM and NGC6822 (from low- to high-metallicity) made by (Chown et al. 2025a) using JWST F770W and F2100W images. The PAH fraction drops significantly in the low-metallicity regime.

      

    

  
    
      Table 2. 

      Average values and standard deviations of RPAH* measured in different metallicity bins in Fig. 1.

      
        


	12 + log(O/H)
	RPAH*





	8.09
	1.26 ± 0.63



	8.17
	1.74 ± 1.07



	8.24
	3.24 ± 0.98



	8.32
	3.54 ± 0.90



	8.39
	3.48 ± 0.83



	8.46
	3.52 ± 0.77



	8.54
	3.36 ± 0.70



	8.61
	2.85 ± 0.76



	8.69
	2.24 ± 0.81



	8.76
	1.96 ± 1.01





      

    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Distribution of RPAH* vs. oxygen abundance for the entire sample of H II regions (gray histogram with intensity tracing the probability density), and average distribution for two bins in log([S III]/[S II]). The dashed lines are the same as in Fig. 1. The black squares represent measurements for WLM, NGC6822 (as in Fig. 1), the SMC, and the LMC from Chown et al. (2025a), listed in order of increasing metallicity. Spitzer IRAC4 and MIPS24 filters were used to estimate RPAH* for the SMC and LMC (Chown et al. 2025a).

      

    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        RPAH* (see color bar at right) calculated on the regularly distributed bins with unique O/H and [S III]/[S II] values. The metallicity and ionization parameters are both important for setting up the PAH fraction.

      

    

  
    
      Fig. 4. 

      
        [image: thumbnail]
      

      
        Distribution of RPAH* for resolved (luminous) H II regions (orange) and the regions of similar size from the diffuse ISM (blue) for several gas-phase metallicity bins. The one dashed line and the two dotted lines on each distribution show the median and 25 and 75 percentile quartiles, respectively. Both RPAH and RPAH* are lower in the H II regions than in the diffuse ISM. A strong decrease in RPAH* in the lowest metallicity bin is seen for the H II regions and the diffuse ISM.

      

    

  
    
      Table 3. 

      Median RPAH* and its 16th and 84th percentile intervals for different metallicity bins from Fig. 4.

      
        


	12 + log(O/H)
	Diffuse ISM
	H II Regions





	7.9–8.2
	
[image: equation]
	
[image: equation]



	8.2–8.4
	
[image: equation]
	
[image: equation]



	8.4–8.7
	
[image: equation]
	
[image: equation]





      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        PAH fraction anti-correlates with log([S III]/[S II]) (ionization parameter tracer) for thousands of H II regions in 42 PHANGS-JWST galaxies. Panels (a, b) shows all ∼17 200 analyzed H II regions, while the ∼5600 brightest resolved H II regions are shown in panels (c, d). The dashed red line shows the best-fit linear regression to the resolved sample defined by Eq. (4). The histograms in panels (b, d) show how the logarithmic residuals after subtracting this linear trend depend on metallicity. The color in panels (a, c) denotes gas-phase oxygen abundance; the red contours show the probability density of the high-metallicity (12 + log(O/H) > 8.2) points; the levels correspond to 50, 65, 80, 95, and 99 percentile intervals. The Spearman correlation coefficient (ρ) and RMS scatter around the linear fit are reported in panels (a, c).

      

    

  
    
      Fig. 6. 

      
        [image: thumbnail]
      

      
        Same as Fig. 2, but here the blue and red curves correspond to different bins of low and high [O III]/Hβ (panel a) or [S II]/Hα (panel b), respectively. The orange curve and points are translated from the average values per metallicity bin in Fig. 4 in Whitcomb et al. (2024).

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        About 45% of the RPAH measurements are overestimated by more than 10% when measured in the MUSE-based apertures for H II regions compared to the values in their centers. Panel (a) shows the probability distribution of RPAH measured in different circular apertures for the same sample of H II regions related to the value of RPAH measured at the local peaks of Hα brightness within the H II region. Panel b demonstrate how such ratios change for different Hα luminosity bins. The different colors correspond to different outer radii of the circular aperture.

      

    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        Histograms showing distribution of RPAH vs. the logarithm of the circularized radii of the H II regions derived from HST data (from Barnes et al. 2025; panel (a)), and vs the ionization parameter tracer log([SIII]/[SII]) (panel (b)). The colors denote the number of regions in each bin. The curved dashed, solid, and dotted lines in panel (a) show models defined by Eq. (5) with the disk scale height hd = 50, 100, and 400 pc, respectively. The red dashed line in panel (b) corresponds to Eq. (4). The anti-correlation between RPAH and the size of the H II region is much weaker than that with the ionization parameter, and can be partially explained by the contribution of the PAHs from the diffuse ISM along the line of sight.

      

    

  
    
      Fig. 9. 

      
        [image: thumbnail]
      

      
        Distribution of RPAH vs. log([SIII]/[SII]) for the resolved H II regions (gray points; as in Fig. 5c) and isolated SNRs (red points). Panels (a) and (b) correspond to RPAH measurements from the observed and the local background subtracted fluxes. The black dashed line corresponds to the relation defined by Eq. (4). The cyan contours show the probability density distribution for H II regions; the levels correspond to 65, 80, 95, and 99 percentile intervals.

      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Same as Fig. 4, but for SNRs (orange) compared to the diffuse ISM (blue). Panels (a) and (b) correspond to RPAH measurements from the observed and the local background subtracted fluxes. SNRs do not reveal a decrease in RPAH measured from the observed fluxes indicating that SN shocks are unlikely major contributors to the selective PAH destruction at 50 pc scale. A more localized effect is evident from the background-subtracted measurements.

      

    

  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
        Band ratio F770W/F2100W grows with the Hα luminosity of the H II regions. This effect is seen for both observed (panel a) and stellar continuum subtracted (panel b) data in F770W. Panels c and d show the same line ratios after local background subtraction. The color denotes the number density of the regions, and the cyan curve represents a smoothed running median across the Hα luminosities.

      

    

  
    
      Fig. A.2. 

      
        [image: thumbnail]
      

      
        Same as Fig. 5c,d, but for RPAH* derived from the local background subtracted measurements. The background subtraction does not affect the conclusions made for H II regions.

      

    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Ratio of two tracers of PAH mass fraction (RPAH and RPAH*) for ∼12000 H II regions from 19 PHANGS galaxies (top row) depending on RPAH (left panel) and monochromatic luminosity Lν(F770Wss) (right panel). Cyan and black denote regions with hydrogen ionizing photons rate Q0 > 1050 s−1 and Q0 < 1050 s−1, respectively. RPAH* and RPAH are consistent with each other for most of the regions, but RPAH* systematically overestimates PAH fraction for the luminous H II regions. The bottom row demonstrates the same ratio with RPAH* calculated after applying correction described in the text.

      

    

  
    
      Fig. B.2. 

      
        [image: thumbnail]
      

      
        Same as Fig. B.1, but after removing the local background from the flux measurements in all involved JWST bands.

      

    

  
    
      Fig. C.1. 

      
        [image: thumbnail]
      

      
        Dependence between different observational and physical parameters derived from the BOND models (Vale Asari et al. 2016) produced with the Cloudy photoionization code (Ferland et al. 2017). Panel a: log([SIII]/[SII]) vs the logarithm of the ionization parameter, log(U), color-coded with the age of the ionizing star cluster. log([SIII]/[SII]) strongly correlates with the ionization parameter, with the secondary dependence on the age. Panel b: log([SIII]/[SII]) vs logarithm of the outer size of the H II region, log(Rout), color-coded by the logarithm of the hydrogen ionizing photons rate, log(Q0). At the fixed value of the ionizing flux, the observed log([SIII]/[SII]) depends on the size of the region. Panel c: Dependence of F8μm/F24μm, similar to RPAH*, on the log([SIII]/[SII]). The existing Cloudy models can only partially reproduce the trend seen in Fig. 5.

      

    

  
    
      Table D.1. 

      Columns in the catalog accessible at the CDS.

      
        


	Column
	Unit
	Description





	ID
	
	Region ID. Equal to the IDs from Groves et al. (2023) or Li et al. (2024) catalogs for 19 PHANGS-MUSE galaxies.



	GalName
	
	Galaxy name



	RA
	deg
	RA (J2000) of the region center



	Dec
	deg
	Dec (J2000) of the region center



	neb_type
	
	Type of nebula (H II region or SNR)



	r_circ_ang
	arcsec
	Circularized radius of the region based on the MUSE data
a





	r_circ_hst
	arcsec
	Circularized radius of the region based on the HST-Hα images (available for 19 galaxies)
b





	r_circ_muse_psf
	
	Ratio of r_circ_ang to the average PSF of the MUSE datac



	phys_area
	pc2
	Physical area covered by the region, based on its borders derived from the MUSE dataa



	phys_area_hst
	pc2
	Physical area covered by the region, based on its borders derived from the HST-Hα imagesb



	BAND*
	MJy sr−1
	Brightness in the specified JWST/MIRI band, averaged over the area covered by the region.



	BAND_err*
	MJy sr−1
	Uncertainty of the BAND measurements



	F_LINE†
	10−17erg s−1 cm−2
	Total flux (corrected for reddening) in the specified optical emission line, integrated over the area covered by the region.



	F_LINE_err†
	10−17erg s−1 cm−2
	Uncertainty of the F_LINE measurements



	met_scal
	
	Oxygen abundance determined using the Scal prescription (Pilyugin & Grebel 2016)d



	met_scal_err
	
	Uncertainty of met_scal



	RPAH
	
	R
PAH values (available for 19 galaxies)



	RPAH_err
	
	RPAH uncertainties



	RPAHst
	
	RPAH* values



	RPAHst_err
	
	RPAH* uncertainties





      

      
Notes:

*BAND is one of the following JWST/MIRI bands: F770W, F770W_ss (star-subtracted F770W), F1130W, F2100W.

†LINE is one of the following keywords (emission lines): Ha (Hαλ6563Å), Hb (Hβλ4861Å), OIII5007 ([O III]λ5007Å), NII6584 ([N II]λ6584Å), SII6717 ([S II]λ6717Å), SII6731 ([S II]λ6731Å), and SIII9069 ([S III]λ9069Å).

a By construction, the radii of all SNR apertures correspond to 25 pc.

b Taken from Barnes et al. (2025); based on the data from Chandar et al. (2025)


c Used to select the subsample of “resolved” H II regions in this paper.

d Taken from Groves et al. (2023) or Li et al. (2024) for H II regions or SNRs from the 19 PHANGS-MUSE galaxies, respectively. 
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