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Abstract

This Letter presents JWST MIRI/Medium-Resolution Spectrometer (MRS) observations of the central
r ≈ 40–240 pc regions of five active galactic nuclei (AGN) spanning a wide range of luminosities
(log Lbol/erg s−1 ≈ 39.8–43.8). Combining multiphase diagnostics from polycyclic aromatic hydrocarbons
(PAHs), molecular hydrogen (H2), and ionized gas at spatial scales of ∼4–24 pc, this study presents a spatially
resolved investigation into the effects of the two distinct AGN feedback modes—radiative and kinetic—on the
surrounding medium. The results indicate that these two feedback modes, associated with AGN irradiation and
shock processing, respectively, collectively drive the relative suppression of PAH emission in the nuclear regions
of the targets studied here. Moreover, the coexistence of these two AGN feedback modes, especially the shock
processing associated with either jets or outflows, in the central regions of AGN naturally explains both the
bimodal distribution of PAH band ratios observed in the targets studied here and the seemingly disparate results
reported in the literature. Although based on a limited sample, these findings provide new insights into calibrating
star formation rates from PAH emission in AGN and, more importantly, lay the groundwork for a practical
framework to diagnose and quantify AGN feedback in the JWST era.

Unified Astronomy Thesaurus concepts: Active galactic nuclei (16); Infrared spectroscopy (2285); Interstellar line
emission (844); Shocks (2086); Polycyclic aromatic hydrocarbons (1280); Molecular gas (1073); James Webb
Space Telescope (2291); Interstellar dust processes (838)

1. Introduction

The coevolution of supermassive black holes (SMBHs) and
their host galaxies, which is a central paradigm in modern
extragalactic astrophysics (for a review see J. Kormendy &
L. C. Ho 2013), requires the injection of substantial energy and
momentum from active galactic nuclei (AGN)—the
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observable phases of SMBH accretion—into the surrounding
interstellar medium (ISM) (for reviews see J. Silk &
M. J. Rees 1998; A. C. Fabian 2012). In observation, this
injection—commonly referred to as AGN feedback—man-
ifests in two primary modes, widely termed the “radiative”
(or quasar) mode and the “kinetic” (or radio) mode (for a
review see D. M. Alexander & R. C. Hickox 2012).
The radiative mode is typically associated with luminous

AGN, whose intense radiation efficiently expels the surround-
ing gas (e.g., T. Di Matteo et al. 2005; P. F. Hopkins et al.
2008), driving multiphase outflows detected across a broad
range of wavelengths, including ionized gas traced by UV–
optical–infared emission lines, warm molecular gas in the
infrared, and cold molecular gas in millimeter wavelengths
(e.g., C. Cicone et al. 2014; R. I. Davies et al. 2014; F. Fiore
et al. 2017; A. Fluetsch et al. 2019; C. Ramos Almeida et al.
2022; R. Davies et al. 2024; F. Esposito et al. 2024; L. Zhang
et al. 2024b; E. Bellocchi et al. 2026; and for a review see
C. M. Harrison & C. Ramos Almeida 2024). In contrast, the
kinetic mode is more prevalent in low-luminosity AGN, which
have extremely low radiative efficiencies (L. C. Ho et al. 2003;
L. C. Ho 2009) and whose central engines are often dominated
by jet power (e.g., J. A. Fernández-Ontiveros et al. 2012;
M. Mezcua & M. A. Prieto 2014; K. Goold et al. 2026),
heating the surrounding gas through shocks (e.g., R. Weinbe-
rger et al. 2017; and for reviews see B. R. McNamara &
P. E. J. Nulsen 2007; L. C. Ho 2008). Direct evidence of such
jet- and shock-driven feedback, including cavities, lobes, and
shock fronts in hot gas, have been observed in radio and X-ray
bands (e.g., B. R. McNamara & P. E. J. Nulsen 2007;
R. Morganti et al. 2013a), with indirect jet–ISM and shock–
ISM interaction signatures, including disturbed kinematics and
enhanced excitation in cold and warm gas, observed in optical,
infrared, and millimeter bands (e.g., R. Morganti et al. 2013b;
N. P. H. Nesvadba et al. 2017; G. Venturi et al. 2021;
A. Audibert et al. 2023; K. M. Dasyra et al. 2024; R. A. Riffel
et al. 2026b).
These two modes are proposed to reflect different accretion

states and environmental couplings, yet both play a funda-
mental role in heating, redistributing, and transforming the
ISM on galactic scales, thereby driving galaxy evolution (for
reviews see D. M. Alexander & R. C. Hickox 2012;
T. M. Heckman & P. N. Best 2014). A clear understanding
of AGN feedback is therefore essential for placing meaningful
constraints on models of galaxy formation and evolution.
Correspondingly, state-of-the-art cosmological simulations
increasingly rely on subgrid prescriptions for AGN-driven
energy injection to reproduce key observables, such as the
galaxy stellar mass function, star formation histories, and
atomic/molecular gas fractions (e.g., R. A. Crain et al. 2015;
A. Pillepich et al. 2018; R. Davé et al. 2020). However,
significant uncertainties remain regarding how AGN-released
energy couples to different gas phases and the spatial and
temporal scales over which feedback operates. In this context,
detailed studies of nearby galaxies, through spatially resolved
measurements of gas content, kinematics, excitation, and
energetics, provide critical laboratories for addressing these
uncertainties. Insights from the local studies can then be
extrapolated to the high-redshift Universe, where direct
constraints are more limited, thereby informing our under-
standing of AGN feedback and its role in galaxy formation and
evolution in the early Universe.

The advent of JWST (J. P. Gardner et al. 2023) opens a new
window for probing AGN feedback with unprecedented
sensitivity and spectral coverage. Its integral field unit (IFU)
capabilities in the near- and mid-infrared enable spatially
resolved, and joint, access to diagnostic features from multiple
ionized, neutral, and molecular gas, as well as dust
components, in local galaxies. Key spectral tracers, including
fine-structure lines from ionized gas, rotational and rovibra-
tional transitions of molecular hydrogen (H2), and broad
features from polycyclic aromatic hydrocarbon (PAH) mole-
cules, are particularly sensitive to the heating and excitation
processes associated with AGN activity (e.g., R. Davies et al.
2024; I. García-Bernete et al. 2024; A. Alonso Herrero et al.
2025; I. E. López et al. 2025; C. Ramos Almeida et al. 2025;
K. Goold et al. 2026; L. Hermosa Muñoz et al. 2026; L. Zhang
et al. 2026). By capturing these signatures at high spatial and
spectral resolution, JWST enables a comprehensive, multi-
phase characterization of feedback processes (e.g., L. Zhang &
L. C. Ho 2023c; L. Zhang et al. 2024a, 2026 and references
therein), yielding critical insights into how AGN shape their
host galaxies and, in turn, drive galaxy evolution.

2. Observation and Analysis

2.1. Targets and Observations

The targets analyzed here comprise three low-ionization
nuclear emission-line regions (LINERs) and two Seyfert
galaxies, spanning a broad range of AGN luminosities
(Lbol ≈ 1039.8–1043.8 erg s−1). These targets, unless otherwise
specified in Table 1, are part of the Galaxy Activity, Torus,
and Outflow Survey28 (GATOS; e.g., A. Alonso-Herrero et al.
2021; S. García-Burillo et al. 2021, 2024). This study presents
JWST spectroscopic observations of the two Seyfert galaxies
for the first time and performs a spatially resolved analysis of
all five targets, including the three LINERs for which only
nuclear integrated spectra have previously been analyzed
(L. Zhang et al. 2026). These targets were selected for JWST
programs predominantly based on their nuclear sub-kilo-
parsec-scale PAH properties, which span two regimes
expected to arise from the primary modes of AGN feedback.
Additionally, the three LINERs all show evidence of radio
cores associated with AGN (N. M. Nagar et al. 2005;
R. S. Nemmen et al. 2014), in contrast to the two Seyfert
galaxies, which both exhibit prominent AGN ionization cones
(A. Marconi et al. 1994; P. da Silva et al. 2023); NGC 7314
also hosts two off-nuclear radio spots (A. Thean et al. 2000).
As such, they provide an ideal, albeit limited, sample for
disentangling the roles of different AGN feedback mechanisms
through the joint interpretation of PAH features and other
infrared diagnostics.
The analysis presented here is based on JWST MIRI/

Medium-Resolution Spectrometer (MRS) IFU spectroscopy
(M. Wells et al. 2015; G. S. Wright et al. 2023) of the nuclear
r ≈ 40–240 pc regions of the five AGN targets, corresponding
to the ∼4″ × 4″ field of view of the observations. The data were
acquired through JWST General Observer (GO) programs 2016
(PI: A. Seth; K. Goold et al. 2026; NGC 4736), 4225 (PI:
T. Izumi; the Circinus Galaxy, hereafter Circinus), 4972 (PI:
L. Zhang; L. Zhang et al. 2026; NGC 1097 and NGC 3190), and
7429 (PI: L. Zhang; NGC 7314). All MIRI/MRS observations

28 https://gatos-astro.com
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adopted a four-point dither with the FASTR1 readout pattern for
the source exposures, along with dedicated background
exposures obtained using one-point (nondither), two-point
dither, or four-point dither patterns, depending on the program.
The total on-source exposure times range from 388 to 1332 s,
depending on the brightness of each source. The observations of
the targets can be accessed via DOI:10.17909/9bgc-da21.

2.2. Data Processing and Spectral Extraction

The data were reduced following L. Zhang et al. (2026), using
the JWST Science Calibration Pipeline (v1.18.0; H. Bushouse
et al. 2025), with the context 1364 for the Calibration References
Data System. In particular, the residual_fringe correction was
activated to correct the fringe residuals (D. R. Law et al. 2023),
and the default master_bg function was adopted for background
subtraction. In addition, the firstframe option was enabled
during the data reduction of Circinus to mitigate the saturation
effect from this bright source, particularly in Channel 3 (ch3;
λ ≈ 11.6–18.0 μm). We note that, although this step eliminates
saturation effects in the continuum of Circinus, several bright
emission lines in ch3, particularly [Ne III] 15.56 μm, and in a few
spaxels, [Ne V] 14.32 μm, still suffer from saturation near the
nucleus. Moreover, H2 rotational transitions S(1) and S(2) in ch3
are dominated by uncertainties associated with the strong
continuum, preventing reliable spaxel-based measurements of
these two transitions even in the more extended circumnuclear
region of this target. We therefore excluded spaxels in these
affected regions from the analysis, except where they were
included for illustrative purposes only.
The JWST MIRI/MRS pipeline ultimately produced 12

spectral data cubes across four channels (i.e., ch1–4) for each
target. Together, these cubes cover the 4.9–27.9 μm wave-
length range with a spectral resolution of ∼4000–2000
(I. Argyriou et al. 2023; K. M. Pontoppidan et al. 2024). A
key requirement for spatially resolved analysis is a uniform
angular resolution across all slices of the data cubes.
Accordingly, we convolved the MRS data cubes from the
first three channels (i.e., ch1–3; λ ≈ 4.9–18.0 μm) to a

common point-spread function (PSF) with a full width at half-
maximum (FWHM) angular resolution of 0 .7, corresponding
to the largest PSF in ch3. The ch4 cubes were retained at their
native angular resolution, as the subsequent analysis focuses
on emission features covered by the first three channels.
Following PSF matching, the spectral data cubes were
reprojected onto a common coordinate frame with a pixel size
of 0 .2 (i.e., the native pixel size of ch3) prior to spectral
extraction. This pixel size corresponds to physical scales of
∼4–24 pc at the distances of the five targets. Spectra extracted
from all subbands of a given spaxel are stitched together to
produce a complete infrared spectrum for each ×0 .2 0 .2
spaxel, using the ratios of the median fluxes in the overlapping
wavelength regions as scaling factors. These factors are
generally close to unity, with typical uncertainties of ∼10%.

2.3. Spectral Decomposition and Measurements

We first decomposed the PAH features using a multi-
component fitting approach applied to the extracted spectra of
each spaxel (see the Appendix for examples). As detailed by
L. Zhang et al. (2026), the model comprises a series of Drude
profiles for individual PAH features, multiple modified
blackbodies representing dust components, and a 5000 K
blackbody to approximate the stellar continuum, with all
emission lines masked during the fitting process. All the model
components are subject to foreground screen extinction (i.e.,
e ) in the fitting. We adopted here the infrared optical depth
curve (i.e., τλ) from J. D. T. Smith et al. (2007, their Equation
(4)), scaled by the fitted free parameter τ9.7, which represents
the optical depth at 9.7 μm. The decomposition was performed
using the Bayesian Markov Chain Monte Carlo sampler emcee
in the Python environment (D. Foreman-Mackey et al. 2013),
with the median and standard deviation of each parameter’s
posterior distribution taken as the final estimate and its
corresponding uncertainty.
We then fitted H2 transitions and ionized emission lines in

each spaxel individually, using single- and double-Gaussian
profiles, respectively, together with a local linear continuum.

Table 1
Basic Properties of the AGN Sample

Target Hubble Type AGN Type z D Scale ( )icos Log Lbol Log MBH Log λEdd
(Mpc) (pc arcsec−1) (erg s−1) (M⊙)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

NGC 1097a SBb L/Sy 0.004240 17.2 80 0.68 42.0 8.1 −4.2
NGC 3190 Sa L 0.004370 24.5 120 0.34 40.8 8.2 −5.5
NGC 4736b Sab L/Sy 0.001027 5.1 25 0.81 39.8 7.2 −5.5
NGC 7314c SABbc Sy 0.004763 16.7 80 0.34 43.5 6.2 −0.8
Circinus Galaxyd SAb Sy 0.001448 4.2 20 0.42 43.8 6.2 −0.5

Notes. Columns (1)–(5): target name, Hubble type, AGN type (“L” for LINER; “Sy” for Seyfert), redshift, and redshift-independent distance taken from the NASA/
IPAC Extragalactic Database, respectively. Column (6): the linear scale corresponding to an angular size of 1″ at the distance of each target. Column (7): cosine
value of the inclination angle on the galactic scale, taken as the ratio of the photometric minor to major axis, cos(i) = b/a, unless otherwise specified (R. C. Kennicutt
et al. 2003; S. García-Burillo et al. 2021). Column (8): AGN bolometric luminosity Lbol = 15.8 × L(2−10)keV, with the nuclear 2–10 keV X-ray luminosity taken from
L. C. Ho (2009) unless otherwise specified; the values in this table have been adjusted to account for differences between the adopted distances and those reported in
the cited references for the X-ray luminosities. Column (9): black hole mass derived from the MBH–σ* relation of J. E. Greene et al. (2020) unless otherwise
specified, with σ* from L. C. Ho et al. (2009). Column (10): Eddington ratios λEdd = Lbol/LEdd, with LEdd = 1.26 × 1038(MBH/M⊙).
a L(2−10)keV and MBH are taken from M. Cisternas et al. (2013).
b This target is part of the GATOS sample selected for JWST GO program 4972 but not for new observations, as it was previously observed under GO program
2016.
c L(2−10)keV and MBH are taken from P. da Silva et al. (2023).
d Inclination angle i, L(2−10)keV, and MBH are taken from T. Izumi et al. (2018).
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The fits were optimized via the Levenberg–Marquardt least-
squares minimization algorithm. To improve the robustness of
the measurements, each emission-line spectrum was perturbed
with random noise at the level of its uncertainty, and the fitting
was repeated 100 times. The median and standard deviation of
these 100 fits were adopted as the final flux and its associated
uncertainty for each line. Additionally, all emission-line fluxes
were then corrected for dust extinction using the same e
curve fitted for each spaxel from the multicomponent full-
spectrum fitting described above.

3. Spatially Resolved Analysis

3.1. Correlation between PAH Emission and Star Formation
Activity

Among the molecular, atomic, and ionized gas phases
accessible to JWST spectroscopy, PAH molecules exhibit
prominent emission features—particularly around 6.2, 7.7, and
11.3 μm—that are widely calibrated as tracers of star formation
rate (SFR; e.g., M. Treyer et al. 2010; H. V. Shipley et al. 2016;
A. Maragkoudakis et al. 2018; Y. Xie & L. C. Ho 2019;
L. Zhang & L. C. Ho 2023b). However, the intrinsic PAH
emission is often relatively suppressed, even deficit, in the harsh
environments surrounding AGN (e.g., J. D. T. Smith et al. 2007;
M. J. O’Dowd et al. 2009; A. M. Diamond-Stanic &
G. H. Rieke 2010; D. A. Sales et al. 2010; I. García-Bernete
et al. 2015, 2022a, 2024; D. Esparza-Arredondo et al. 2018;
T. S.-Y. Lai et al. 2022; Y. Xie & L. C. Ho 2022; C. Ramos
Almeida et al. 2023; P. M. Ogle et al. 2025), making it also a
diagnostic of AGN feedback (e.g., L. Zhang et al.
2022, 2024a, 2026 and references therein). In theory, this
intrinsic suppression is primarily attributed to the selective
erosion and destruction of PAH molecules by the radiative
effects of extreme-UV and X-ray photons (D. K. Aitken &
P. F. Roche 1985; G. M. Voit 1992), as well as the mechanical
processing by shocks (E. R. Micelotta et al. 2010a, 2010b).
To compare PAH emission strengths among the five targets

at fixed SFRs, we derived spaxel-based SFRs from the infrared
neon lines [Ne II] 12.81 μm, [Ne III] 15.56 μm, and [Ne V]
14.32 μm using the AGN-calibrated prescription of
M.-Y. Zhuang et al. (2019). This prescription explicitly

accounts for the AGN contribution to the neon lines. As
shown in Figure 1, spaxels in the central ∼4″ × 4″ regions of
the five AGN lie generally below the unity PAH–SFR relations
calibrated by H. V. Shipley et al. (2016) for star-forming
galaxies.29 Despite the relative suppression of PAH emission
across the sample, spaxels in NGC 4736 and Circinus display
relatively enhanced PAH emission at a given SFR compared to
those in the other three AGN. This trend does not hold in the
inner regions of Circinus, particularly for the PAH 11.3 μm
feature. As shown in panel (c) of Figure 1 (see also the
resolved maps in Section 3.2), this PAH feature exhibits
pronounced suppression in the inner regions of Circinus,
reaching levels comparable to those observed in NGC 7314.
Such increasing suppression of the PAH 11.3 μm feature
toward the Circinus nucleus has also been reported by
J. J. Jensen et al. (2017, see Figure 2 therein). The relatively
stronger PAH emission in spaxels in NGC 4736 and Circinus
outer-circumnuclear regions compared to the other three AGN
is likely attributable to the (post-)starburst nature (A. Marconi
et al. 1994; S. Pellegrini et al. 2002) of their central regions. In
contrast, the relative suppression of the PAH 11.3 μm feature
in NGC 7314 and the inner regions of Circinus compared to
the other three AGN reflects a reduced abundance of neutral
PAHs, likely caused by the preferential ionization of PAHs in
these environments, as discussed with model results in
Section 3.2.
As noted above, the relative suppression of intrinsic PAH

emission in the vicinity of AGN is in theory attributed to the
selective erosion and destruction of PAHs, primarily driven by
AGN irradiation and shock processing that represent distinct
modes of AGN feedback. Following this point, we performed
a multiple linear regression analysis with the Python package
statsmodels (S. Seabold & J. Perktold 2010). This
analysis aims to reproduce the observed PAH surface

(a) (b) (c)

Figure 1. Correlations between the surface brightness of the PAH (a) 6.2 μm (b) 7.7 μm, and (c) 11.3 μm emission and the SFR surface density for ×0. 2 0 . 2
spaxels in the central ∼4″ × 4″ regions of the five AGN targets, where ( )/= L i AcosPAH PAH and ( )/= i ASFR cosSFR . Here i is the galaxy inclination angle and
A is the spaxel area in pc2. The dashed lines represent the unity PAH–SFR relations calibrated by H. V. Shipley et al. (2016; S16: unity) for star-forming galaxies.
The data points highlighted with black circles represent spaxels in the central r ≈ 15–25 pc region of Circinus (the inner region is excluded from the analysis, as
detailed in Section 2.2). Unless otherwise specified, the analysis presented here and in subsequent figures includes only spaxels with measurements of all five H2
transitions required for the shock-processing indicator and all three neon emission lines used for SFR estimation and the AGN irradiation indicator.

29 The unity relations of H. V. Shipley et al. (2016), with the slope fixed at
unity, were calibrated using Spitzer/IRS spectroscopy of 105 star-forming
galaxies obtained over apertures larger than the pixel scales considered here.
Nevertheless, these unity relations provide an appropriate baseline for the
qualitative comparisons discussed here. They also derived linear calibrations
for the PAH 6.2, 7.7, and 11.3 μm features, with slopes of 1.04, 1.00, and 0.94,
respectively.
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brightness (in units of erg s−1 pc−2) as a function of SFR
surface density (in units of M⊙ pc

−2), the ratio of the summed
H2 S(1)–S(5) emission to the PAH 7.7 μm feature (i.e.,
H2 S(1–5)/PAH 7.7, hereafter rH2), and the ratio of [Ne V]
14.32 μm emission to the PAH 11.3 μm feature (i.e., [Ne V]
14.32/PAH 11.3, hereafter rNe). The ratio of infrared H2
transitions to PAH emission has long been proposed as a
powerful tracer of shocks, as the intensities of infrared H2
transitions generally scale closely with PAH emission over a
wide range of radiation field strengths, whereas shock heating
can produce an excess of H2 emission (e.g., H. Roussel et al.
2007; P. Ogle et al. 2010; P. Guillard et al. 2012; R. A. Riffel
et al. 2020; L. E. Kristensen et al. 2023). We adopt the ratio of
the high-ionization [Ne V] line to PAH emission as an
indicator of AGN irradiation strength because the strength
of this coronal line has been shown to correlate strongly
with AGN luminosity over a wide range of luminosities
and physical conditions (e.g., K. A. Weaver et al. 2010;
I. García-Bernete et al. 2017; M. Bierschenk et al. 2024;
A. Annuar et al. 2025; K. Goold et al. 2026). We note that the
diagram consisting of these two ratios efficiently distinguishes
the two Seyfert galaxies from the three LINERs studied here
(see Figure A1 in the Appendix).
The multiple linear regression analysis yields

( )
= + + +log log log rH log rNe ,

1
PAH
fit

1 SFR 2 2 3

where the coefficients α1, α2, α3, and β for the PAH 6.2, 7.7,
and 11.3 μm features are listed in Table A1 in the Appendix.
As shown in Figure 2, the multiple linear regression model
incorporating SFR, rH2, and rNe reproduces the observed PAH
emission well, with rms scatters (σ in Table A1) of 0.25, 0.19,
and 0.21 dex for the PAH 6.2, 7.7, and 11.3 μm features,
respectively. These tight correlations support the interpretation
that the general suppression of PAH emission in AGN, relative
to that expected at a given SFR, is governed by the combined
effects of AGN irradiation and shock processing.
Intriguingly, the fitted correlation for the PAH 7.7 μm

feature exhibits the smallest scatter among the three PAH
features, suggesting that it provides the most robust tracer of
SFR in the targets studied here. This result is noteworthy given
the lack of consensus among previous studies on which PAH

feature serves as the best SFR indicator, with some studies
reporting consistent results and others reaching conflicting
conclusions. Specifically, A. M. Diamond-Stanic &
G. H. Rieke (2010), based on an analysis of 35 Seyfert nuclei
on subkiloparsec scales, argued that the PAH 11.3 μm feature,
unlike the PAH 7.7 μm feature, remains a robust tracer of SFR
—as indicated by the [Ne II] 12.81 μm emission—even in
nuclei exhibiting unusually high PAH 11.3/7.7 ratios. In
contrast, S. M. LaMassa et al. (2012), analyzing a larger
sample of 264 star-forming galaxies, 51 composites, and 73
AGN over kiloparsec scales, found that the PAH 11.3 μm
feature is significantly suppressed relative to the PAH 7.7 μm
feature in most of their AGN, raising concerns about its
reliability as a standalone SFR indicator in such environments.
Later, P. Esquej et al. (2014) analyzed the equivalent width of
the PAH 11.3 μm feature (hereafter PAH EW11.3) in a sample
of 29 Seyfert nuclei on sub–100 pc scales and found no
significant dependence of PAH EW11.3 on AGN luminosity.
They therefore concluded that there is no general evidence for
suppression of the PAH 11.3 μm feature in the vicinity of
AGN, supporting its use as an SFR proxy. Nevertheless, they
also reported that the PAH 11.3 μm feature is undetected in the
central ∼15 pc region of Circinus, corroborating the earlier
findings of P. F. Roche et al. (2006) and consistent with the
trend of increasing suppression of this feature in the Circinus
nucleus found here. Our results are broadly consistent with the
conclusions of S. M. LaMassa et al. (2012). Additional support
comes from the linear PAH–SFR calibrations of H. V. Shipley
et al. (2016), which give a linear relation (slope = 1.0) for the
PAH 7.7 μm feature but a slightly sublinear relation
(slope = 0.94) for the PAH 11.3 μm feature. In Section 4
we explore the physical mechanisms responsible for these
disparate results and show that they can be explained by
differences in sample selection within a unified framework that
accounts for the combined effects of AGN irradiation and
shock processing.
We additionally performed a complementary multiple linear

regression analysis to calibrate the SFR surface density (in
units of M⊙ pc

−2) as a function of PAH surface brightness (in
units of erg s−1 pc−2), rH2, and rNe, thereby demonstrating the
practical application of the above results for deriving SFRs
from PAH emission in AGN. The complementary multiple

(a) (b) (c)

Figure 2. Correlations between the surface brightness of the measured PAH (a) 6.2 μm, (b) 7.7 μm, and (c) 11.3 μm emission and those predicted by Equation (1)
for data points in Figure 1, with the dashed line in each panel indicating the 1:1 relation.
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linear regression analysis yields

( )
= + + +log log log rH log rNe

2
SFR 1 PAH 2 2 3

where the coefficients α1, α2, α3, and β for the PAH 6.2, 7.7,
and 11.3 μm features are listed in Table A2 in the Appendix.
This multiple linear regression model yields PAH-based SFRs
that are well correlated with the neon-based SFR, with rms
scatters of 0.24, 0.20, and 0.24 dex for the PAH 6.2, 7.7, and
11.3 μm features, respectively. By explicitly incorporating the
effects of AGN irradiation and shock processing on PAH
emission, this multiple linear regression approach offers a new
method for calibrating SFR in AGN, warranting validation and
refinement with larger samples in future studies.

3.2. Correlation between PAH Emission and AGN Activity

Beyond the intrinsic strength of individual PAH features,
the observed ratios among different PAH features encode rich
information about the size distribution and ionization state of
PAH molecules, as well as the radiation field in which they are
embedded (e.g., B. T. Draine & A. Li 2007; B. T. Draine et al.
2021; D. Rigopoulou et al. 2021, 2024; for reviews see
A. G. G. M. Tielens 2008; A. Li 2020). In short, smaller PAHs
emit more strongly at shorter (i.e., more energetic) wave-
lengths, as their lower heat capacity leads to higher excitation
levels following the absorption of a UV photon. Neutral PAHs

exhibit stronger 3.3 and 11.3 μm features owing to more
prominent C–H vibrational modes, whereas ionized (cationic)
PAHs preferentially emit in the 6–9 μm range, where C–C
vibrational modes dominate. Furthermore, a moderately
stronger radiation field increases the PAH ionization fraction,
and a harder, FUV-rich radiation field enhances the relative
strength of the shorter-wavelength PAH features prior to their
photodestruction. In other words, variations in the observed
PAH band ratios reflect changes in the underlying physical
conditions, including those driven by different modes of AGN
feedback.
As presented in Figure 3, the spatially resolved maps of the

two most widely used PAH 6.2/7.7 (top panels) and 11.3/7.7
(middle panels) ratios exhibit pronounced spatial variations,
reflecting modifications in PAH properties toward the nucleus
of each target. In particular, the nuclei of the two Seyfert
galaxies studied here show systematically lower PAH 6.2/7.7
and 11.3/7.7 ratios (<0.3 and <0.35, respectively, at r < 1″)
than the three LINERs studied here. These lower ratios are
plausibly driven by strong AGN irradiation, as indicated by the
darker contours in panels (b4) and (b5) of Figure 3, which
trace regions of elevated rNe values. In contrast, the
comparatively higher PAH 11.3/7.7 ratios observed in the
three LINERs are more likely associated with shock proces-
sing, as suggested by the darker contours in panels (a1)−(a3)
of Figure 3, which trace regions of elevated rH2 values (see
also L. Zhang et al. 2026 for a detailed discussion of the role of
shock processing in these LINERs). As discussed below and

(a1) (a2) (a3) (a4) (a5)

(b1) (b2) (b3) (b4) (b5)

N

E

(c1) (c2) (c3) (c4) (c5)

Figure 3. Spatially resolved maps of PAH 6.2/7.7 ratio (top panels), PAH 11.3/7.7 ratio (middle panels), and PAH 11.3 μm emission (bottom panels) for the five
AGN targets. Each column corresponds to one target, with the AGN position denoted by a black star. A common color scale is adopted for all panels within a given
row and is shown on the right. The contours in the top, middle, and bottom panels show the distributions of log (rH2) (−2.25 to −0.5), log (rNe) (−4.0 to 0.15), and
log ( f[Ne V] 14.32 μm/erg s−1 cm−2) (−18.0 to −13.3), respectively, with higher values indicated by darker colors on a common scale for each row. The black
arrows in panel (a4) indicate the locations of the two radio spots in NGC 7314. The black polygons in Circinus outline the region within which the spaxels are shown
here for illustrative purposes; these spaxels are excluded from the statistical analyses owing to the lack of reliable spaxel-based measurements of [Ne III] 15.56 μm
and/or H2 S(1) and S(2), as detailed in Section 2.2. North is up in all panels, and the physical scale of each target is labeled in the upper right corner of each top
panel.
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further elaborated in Section 4, this difference is not merely a
consequence of AGN type, but instead reflects the distinct
physical conditions driven by different modes of AGN
feedback. We also note that although NGC 3190 exhibits
overall large PAH 6.2/7.7 and 11.3/7.7 ratios, its nucleus
shows a modest decrease in these ratios. This behavior is likely
driven by the combined effects of the spatially concentrated
AGN-irradiation-dominated region and relatively weak shock
processing around the nucleus, as evidenced by the nuclear
rNe peak and rH2 valley in panels (b2) and (a2) of Figure 3.
Other noteworthy features in Figure 3 include compact

structures in NGC 1097 that exhibit lower PAH 6.2/7.7 ratios
toward the east (see the greenish regions in panel (a1)). These
structures are also evident in low-ionization emission-line
maps (e.g., [Ar II] 6.98 μm, [Ne II] 12.81 μm) but are absent in
higher-ionization (e.g., [Ne III] 15.56 μm, [O IV] 25.89 μm)
and H2 emission-line maps not shown here. In NGC 7314, the
two regions at the northern and southern tips that show
modestly enhanced shock processing, i.e., higher rH2 values as
shown in panel (a4), are spatially associated with two radio
spots detected by A. Thean et al. (2000). Additionally, the
tilted east–west elongated regions exhibiting strong AGN
irradiation, i.e., higher rNe values as shown in panel (b4), align
with the orientation of its AGN ionization cone, which has a
wide opening angle as revealed by high-ionization emission-
line maps (see, e.g., panel (c4) and also P. da Silva et al. 2023).
In contrast, the modest north–south elongation of the circum-
nuclear PAH emission in NGC 7314 (see panel (c4)) is
spatially coincident with the circumnuclear cold gas distribu-
tion and aligned with the inner dusty molecular torus (S. Gar-
cía-Burillo et al. 2021). In Circinus, the regions with low PAH
11.3/7.7 ratios also coincide with the ionization cone traced by
high-ionization emission-line maps (see, e.g., panel (c5) and
also A. Marconi et al. 1994), as well as the polar dust
elongation (T. Izumi et al. 2018; E. Lopez-Rodriguez et al.
2026); however, note that the PAH measurements may be

biased by the strong continuum of this target in the circum-
nuclear region outlined by the black polygons in the rightmost
panels. These spaxels were therefore excluded from all
statistical analyses presented in this study.
In the following, we focus on the physical insights provided

by the PAH band ratios of the spaxels in the five AGN, in
combination with the diagnostic ratios rH2 and rNe. As shown
in Figure 4, the spaxels in the five AGN overall exhibit lower
PAH 6.2/7.7 ratios compared to the spaxels in star-forming
galaxies. More importantly, the spaxels in the targets studied
here exhibit a bimodal distribution of PAH 11.3/7.7 ratios
(with PAH 11.3/7.7 = 0.3 serving as a useful demarcation), as
already seen in their spatially resolved maps. Relative to
spaxels in star-forming galaxies, the spaxels in the LINERs
and Seyfert galaxies studied here display systematically higher
and lower PAH 11.3/7.7 ratios, respectively. As indicated by
the color coding, this bimodal distribution appears to arise
from the combined influence of enhanced shock processing in
the three LINERs and stronger AGN irradiation in the two
Seyfert galaxies, with star formation activity providing the
underlying baseline. As outlined in Section 3.1 and discussed
further below, the lower PAH 11.3/7.7 ratios in the two
Seyferts are primarily driven by the relative suppression of
their PAH 11.3 μm emission, reflecting a lower fraction of
neutral PAHs. To highlight these trends, we plot for the five
AGN the median PAH band ratios of the spaxels in bins of
increasing log (rH2) and log (rNe) as reddish and bluish
crosses (from light to dark) in panels (a) and (b) of Figure 4,
respectively. These reddish and bluish crosses clearly trace
two distinct trends of progressively stronger PAH modifica-
tions associated with enhanced shock processing and stronger
AGN irradiation, respectively. Note again that this difference
is not merely a consequence of AGN type, but instead reflects
the distinct physical conditions associated with the two modes
of AGN feedback.

(a) (b)

70% ionized

Neutral grid 

ISRF

103 × ISRF Ionized grid 
Nc =

Figure 4. PAH band ratio diagrams for ×0. 2 0 . 2 spaxels in the central ∼4″ × 4″ regions of the five AGN targets, color-coded by the strength indicators of (a)
shock processing (rH2) and (b) AGN irradiation (rNe). The horizontal dashed lines mark the empirical demarcation at PAH 11.3/7.7 = 0.3. The reddish and bluish
crosses in panels (a) and (b) show, for the five AGN targets, the median PAH band ratios of the spaxels in bins of increasing log (rH2) of [−2, −1.5], [−1.5, −1.0],
[−1.0, −0.5], and [−0.5, 0], and increasing log (rNe) of [−2, −1.5], [−1.5, −0.75], [−0.75, 0], and [0, 0.5] (from light to dark), respectively. The gray star labeled
“SFG” represents the median PAH band ratios of the spatially resolved spaxels in star-forming galaxies measured by L. Zhang et al. (2022); the individual star
formation spaxels, which are clustered around the median value, are omitted for clarity. The grids marked by a plus sign in each panel show model predictions of
PAH band ratios from D. Rigopoulou et al. (2024) for neutral (top grids), 70% ionized (middle grids), and fully ionized (bottom grids) PAHs of various sizes (carbon
number NC = 20–400, increasing from the right to the left boundary of each grid). The grids span the interstellar radiation field (ISRF; top boundary) up to
103 × ISRF (bottom boundary).
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The model grids in Figure 4 confirm that the systematically
higher and lower PAH 11.3/7.7 ratios observed in the three
LINERs and the two Seyfert galaxies, respectively, correspond
to larger fractions of neutral and ionized PAHs, while the
generally lower PAH 6.2/7.7 ratios indicate relatively larger
PAH sizes. As discussed by L. Zhang et al. (2026), a natural
explanation for this bimodal distribution is that shock
processing, if present, preferentially destroys both smaller
and more vulnerable ionized PAHs (T. Allain et al. 1996;
A. I. S. Holm et al. 2011), leading to a relative enhancement of
larger, neutral PAHs. In contrast, intense AGN irradiation, as
observed in the two Seyfert galaxies studied here, preferen-
tially ionizes PAHs and subsequently destroys most of the
smaller grains, resulting in a relative enhancement of larger,
ionized PAHs. In particular, for spaxels in NGC 7314, which
exhibits both strong AGN irradiation and moderate shock
processing, the bimodal distribution in their PAH band ratios is
most consistent with this scenario, as further elaborated in
Section 4. Direct destruction of PAHs by hard X-ray photons,
without prior ionization, may mimic the effects of shock
processing (E. R. Micelotta et al. 2010b), highlighting the need
for dedicated studies of X-ray-rich environments around more
luminous AGN. Partially destroyed PAHs with open or
irregular structures and increased hydrogenation (e.g., cata-
condensed PAHs) may exhibit enhanced PAH 11.3/7.7 ratios
(e.g., A. Li 2020; L. Pantoni et al. 2026), although this
interpretation remains debated (D. Rigopoulou et al. 2024).
To further confirm the two distinct trends of progressive

PAH modifications, we turn to additional independent
diagnostics based on infrared ionized emission lines. Here
we use the [Ne V] 14.32/[Ne III] 15.56 ratio as an additional
proxy of AGN irradiation, as it is less susceptible to
contamination from star formation activity and correlates well
with the ionization parameter U in AGN (L. Zhang et al.
2025). In addition, we adopt the [Fe II] 5.34/[Ar II] 6.99 ratio
as a proxy of shock processing, which is sensitive to shocks
because fast shocks can efficiently liberate iron from dust
grains while having little effect on the noble gas argon.
Previous studies have shown that enhanced [Fe II] emission in
AGN is closely associated with shocked regions (e.g.,

D. A. Forbes & M. J. Ward 1993; H. Mouri et al. 2000;
T. Storchi-Bergmann et al. 2009; L. Colina et al. 2015;
B.-C. Koo et al. 2016; A. Rodríguez-Ardila et al. 2017; M.
Durré & J. Mould 2018; R. A. Riffel et al. 2021; J. H. Costa-
-Souza et al. 2026). The diagrams consisting of these ionized
emission-line ratios efficiently distinguish the two Seyfert
galaxies from the three LINERs (see Figure A2 in the
Appendix): the former are dominated by AGN excitation,
whereas the latter are better explained by shock excitation.
Correspondingly, we revisit Figure 4, but now we color-code
the data points using these ionized emission-line ratio
diagnostics. As shown in Figure 5, the two distinct trends of
progressive PAH modifications remain evident, although some
discrepancies between Figures 4 and 5 are also present,
particularly in panel (a).
In contrast to Figure 4(a), Figure 5(a) exhibits a different

final direction of the red crosses, driven by the highly elevated
[Fe II] 5.34/[Ar II] 6.99 ratios in NGC 4736. A similar
elevation is plausibly also present in Circinus, with NGC 7314
serving as a reference. This result is not surprising, as the
shocks that enhance H2 emission are not necessarily the same
as those responsible for enhancing [Fe II] emission (e.g.,
D. Hollenbach & C. F. McKee 1989; H. Mouri et al. 2000;
M. G. Allen et al. 2008; L. E. Kristensen et al. 2023); in
particular, the fast shocks (with velocities of hundreds of
kilometers per second) required to produce ionized gas
emission would instead lead to H2 dissociation. As discussed
by R. A. Riffel et al. (2026a), H2 emission is more likely to
originate in post-shock gas, where molecules reform after
being dissociated by the fast shocks responsible for ionized gas
emission (e.g., P. Guillard et al. 2009; A. J. Richings &
C.-A. Faucher-Giguère 2018a, 2018b). Again, the difference
between Figures 4(a) and 5(a) is likely related to the (post-)
starburst nature of the central regions in NGC 4736 and
Circinus, given that both X-ray irradiation and shock heating
can contribute to [Fe II] emission (e.g., H. Mouri et al. 2000;
M. G. Allen et al. 2008; O. L. Dors et al. 2012). Specifically, a
cluster of at least four bright point-like X-ray sources is
present in the central r� 5″ region of NGC 4736, with the
brightest ones attributed to gas heated by supernovae rather

(a) (b)

70% ionized

Neutral grid 

ISRF

103 × ISRF Ionized grid 
Nc =

Figure 5. Same as Figure 4, but color-coded by the different strength indicators of (a) shock processing ([Fe II] 5.34/[Ar II] 6.99) and (b) AGN irradiation ([Ne V]
14.32/[Ne III] 15.56). The reddish and bluish crosses in panels (a) and (b) show, for the five AGN targets, the median PAH band ratios of the spaxels in bins of
increasing log ([Fe II] 5.34/[Ar II] 6.99) of [−0.5, −0.25], [−0.25, 0], [0, 0.25], and [0.25, 0.5] and increasing log ([Ne V] 14.32/[Ne III] 15.56) of [−0.5, −0.3],
[−0.3, −0.15], [−0.15, 0], and [0, 0.2] (from light to dark), respectively.
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than the low-luminosity AGN at its center (see S. Pellegrini
et al. 2002). Despite the differences, Figures 4 and 5
consistently support the existence of two distinct AGN
feedback modes, one associated with shock processing and
the other with AGN irradiation, although supernovae in (post-)
starburst environments may also contribute to shock proces-
sing and the resulting PAH modifications.
In summary, regardless of the diagnostics employed, the

spaxels in the five AGN consistently reveal two clearly
distinguishable trends of progressive PAH modification asso-
ciated with the two AGN feedback modes. We also confirm that
the bimodal distribution and the two distinct trends discussed
above persist when the y-axis is replaced by the PAH 11.3/6.2
ratio (see Figure A3 in the Appendix), which also traces PAH
ionization and is less sensitive to continuum contamination. In
addition, the PAH band ratios derived from integrated spectra
extracted within large apertures, r 0 .5, r0 .5 1 .0,
and r1 .0 1 .5, exhibit the the same bimodal distribu-
tion as those observed among the spaxels in the five AGN (see
the black-outlined points in Figure A3), demonstrating that
these trends are robust against potential PSF-related artifacts.
This result is expected, as all spectral data cubes were
convolved to a common PSF prior to the spaxel-based
measurements. Also note that all targets studied here exhibit
prominent PAH features in the JWST/MRS spectra (see
Figure A4 and Table A3 in the Appendix for examples);
therefore, the two distinct trends are unlikely to arise from
noise-induced artifacts. In short, the two distinct trends observed
among the spaxels across the five targets naturally reflect the
two primary modes of AGN feedback, as illustrated in Figure 6
and discussed in detail in Section 4.
Additionally, we note that different analysis methods (e.g.,

PAHFIT, J. D. T. Smith et al. 2007; CAFE, J. A. Marshall
et al. 2007; SPIRIT, F. R. Donnan et al. 2024; PAHdb,
A. Maragkoudakis et al. 2025) can yield systematically
different PAH measurements from JWST spectra. The
resulting differences in derived PAH fluxes between CAFE
and SPIRIT can commonly reach a factor of ∼2, with
SPIRIT generally yielding lower PAH fluxes (L. Pantoni
et al. 2026). In addition, decompositions based on PAHFIT
and CAFE differ from PAHdb modeling by ∼7% in the
inferred PAH ionization fraction (A. Maragkoudakis et al.
2025). Specifically, for spectra extracted from the

=r 0 .5 1 .0 apertures in the five targets, SPIRIT yields
PAH 6.2/7.7 and 11.3/7.7 ratios that are systematically more
than ∼20% higher, respectively, than those derived using the
method adopted in this work (which is essentially equivalent to
PAHFIT), with differences exceeding 100% in some cases.
The differences in the measurements primarily arise from the
different treatments of extinction and dust continuum, which
consequently lead to systematic differences in the derived
PAH measurements (see also discussion in D. Van De Putte
et al. 2025). We therefore caution readers that systematic
differences among analysis methods may lead to different
interpretations of the observations. Nevertheless, the two
distinct trends of progressive PAH modification observed
across the five targets presented here are consistently
supported by multiple diagnostics presented above, together
with the additional evidence discussed in Section 4. This
consistency strongly suggests that these trends are robust and
reflect genuine physical differences rather than methodological
artifacts.

4. Implications for AGN Feedback Modes

4.1. Coexistence of Kinetic and Radiative AGN Feedback

As reported by L. Zhang et al. (2026), the H2 transitions in
the nuclear regions of the three LINERs studied here are not
fully thermalized, with slow, plausibly jet-driven molecular
shocks associated with AGN providing the additional excita-
tion. Specifically, matching the observed H2 line ratios, S(3)/S
(1) and 1–0O(5)/S(3), to the predictions of the theoretical
models of L. E. Kristensen et al. (2023) indicates the presence
of C-type molecular shocks with velocities of vs ≲ 10 km s−1.
Moreover, they found that coupling only ∼0.1%–1% of the
AGN jet power to the surrounding gas is sufficient to
reproduce the observed H2 fluxes in the nuclear regions of
the three LINERs. Consistently, growing evidence suggests
that the central engines of low-luminosity AGN are often
dominated by jet power (e.g., J. A. Fernández-Ontiveros et al.
2012; K. Goold et al. 2026), producing radio jets that span
parsec to kiloparsec scales, depending on the jet power
(M. Mezcua & M. A. Prieto 2014). In contrast, Figure A2
shows that the radiative shocks traced by ionized emission
lines have much higher velocities, with vs ≈ 100–400 km s−1,
consistent with the shock velocity range of ∼200–300 km s−1
modeled by M. A. Dopita et al. (2015) for the prototypical
LINER NGC 1052. As discussed by K. Goold et al. (2024), the
fast radiative shocks observed in the low-luminosity AGN are
likely driven by outflows powered by radiatively inefficient
accretion flows (RIAFs) or by radio jets. The distinct shock
velocities traced by the H2 transitions and ionized emission
lines in the three LINERs are consistent with the broader line
widths and blueshifted ionized emission-line profiles observed
in their nuclear regions (L. Zhang et al. 2026).
PAH emission primarily arises from photodissociation

regions adjacent to warm molecular gas (e.g., R. Chown
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Star Forming Regions

Radiation field

Jet/outflow

Shocks

Regions primarily influenced 
by intense radiation fields 
More large, ionized PAHs

PAHs
Regions significantly impacted by 
jet- or outflow-driven shocks 
More large, neutral PAHs

Figure 6. Illustrative schematic showing the two regimes in our AGN targets
affected by the two feedback modes associated with AGN irradiation and
shock processing, respectively. Gray arrows in the lower right corner indicate
the directions in theory of increasing overall PAH size and neutral fraction as
the PAH band ratios change. Using star-forming regions as a baseline, AGN
irradiation tends to drive the heating and ionization of PAH molecules,
followed by the preferential photodestruction of smaller PAHs, leading to a
population dominated by larger and more ionized PAHs. In contrast, shock
processing appears to preferentially destroy ionized PAHs, resulting in a
higher survival fraction of large and neutral PAHs.
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et al. 2025; A. Maragkoudakis et al. 2026) and is well
correlated with the cold molecular gas component (e.g.,
I. Cortzen et al. 2019; A. K. Leroy et al. 2023; L. Zhang &
L. C. Ho 2023a). In addition, even large PAHs with NC = 200
are expected to be destroyed by shocks with vs� 125 km s−1

(E. R. Micelotta et al. 2010a). Given the tight correlation
between PAH emission and the cold gas component, as well as
the survival of PAHs with NC� 200 in regions dominated by
shock processing across the five targets (Figures 4 and 5), the
observed shock processing of PAHs is likely dominated by
low-velocity molecular shocks, while high-velocity radiative
shocks may also play a significant role. Conservatively, the
shocks responsible for modifying PAH properties are not
necessarily limited to velocities of ≲10 km s−1 but are likely to
have velocities below 100 km s−1. Additional evidence for the
importance of low-velocity shocks comes from the temper-
ature distributions of warm molecular gas. Under local
thermodynamic equilibrium, the relative populations of H2
pure rotational transitions can be described by a power-law
temperature distribution, dN = mT− βdT, where lower values
of β indicate a larger fraction of warmer molecular gas and
thus stronger heating by the underlying feedback processes.
Following the methodology of A. Togi & J. D. T. Smith
(2016), we derived β values across the fields of view of the
five targets by fitting the six H2 pure rotational transitions, S
(1)–S(6). We find that shock-dominated regions exhibit
β ≳ 4.6, whereas irradiation-dominated regions have
β ≲ 4.6, with the latter consistent with the range commonly
observed in Seyfert nuclei (e.g., L. Zhang & L. C. Ho 2023c;
R. Davies et al. 2024; D. E. Delaney et al. 2026). The larger β
values in shock-dominated regions are consistent with low-
velocity shocks that primarily heat the lower-excitation H2
rotational levels. In contrast, sufficiently strong shocks, similar
to AGN irradiation, can populate higher-J H2 rotational levels,
producing flatter temperature distributions and consequently
lower β values.
As shown in Figure 3, the spaxels in the innermost region of

NGC 7314 exhibit PAH band ratios indicative of a relatively
high abundance of large PAHs and a high, though not extreme,
ionization fraction. These results likely reflect the combined
effects of the intense AGN irradiation in this target, which tends
to ionize all and destroy smaller PAHs, together with modest
shock processing, which preferentially enhances the destruction
of fully ionized PAHs. The presence of notably large and
ionized PAHs in the nuclear region of NGC 7314 is also
reported by A. M. Diamond-Stanic & G. H. Rieke (2010, see
Figure 8 therein). Their measurements of PAH 6.2/7.7 ≈ 0.14
and 11.3/7.7 ≈ 0.21 from Spitzer/Infrared Spectrograph (IRS)
spectroscopy place NGC 7314 at the extreme left of their
PAH 11.3/7.7 versus PAH 6.2/7.7 diagram, distinguishing it
from the nuclei of other Seyfert galaxies in their sample. More
intriguingly, in the nuclear region of NGC 7314 examined here,
larger and more highly ionized PAHs preferentially trace the
AGN ionization cone (Section 3.2), whereas larger but weakly
ionized, and even neutral, PAHs are predominantly found along
its periphery, particularly in regions spatially associated with the
two radio spots that exhibit evidence of enhanced shock
processing. Specifically, spaxels in NGC 7314 with PAH 11.3/
7.7 > 0.4 (predominantly neutral PAHs) exhibit log (rH2) and
log (rNe) values of approximately −1.15 to −0.65 and
approximately −1.05 to −0.40, respectively (see Figure A1).
By contrast, spaxels in NGC 7314 with PAH 11.3/7.7 < 0.2

and 6.2/7.7 < 0.15 (predominantly ionized PAHs) show values
that fall below and above these ranges, respectively, namely
approximately −1.60 to −1.30 (relatively weaker shock
processing) and approximately −0.10 to 0.45 (relatively
stronger AGN irradiation). This trend is qualitatively the same
for the diagnostics based solely on ionized emission lines (see
Figure A2). Notably, all the spaxels in NGC 7314 with PAH
11.3/7.7 > 0.4 have log (rH2) values above the threshold for a
significant shock contribution (i.e., −1.45; P. Guillard et al.
2012; L. Zhang et al. 2026), highlighting the importance of
shock processing in shaping PAH properties even in Seyfert
galaxies.
Furthermore, according to I. García-Bernete et al. (2024),

JWST spectroscopy shows that the arcsecond-scale nuclear
regions of three Seyfert galaxies with log Lbol/erg s

−1 ≈
44.2–44.3, as well as their off-nuclear regions along the projected
directions of AGN-driven outflows, exhibit elevated PAH 11.3/
7.7 ratios and reduced PAH 6.2/7.7 ratios. Their PAH
measurements (PAH 11.3/7.7 ∼ 0.5 and PAH 6.2/7.7 ∼
0.1–0.4) in these regions are consistent with the values of the
NGC 7314 spaxels located at the periphery of the AGN ionization
cone, particularly those in regions exhibiting stronger shock
processing. Importantly, I. García-Bernete et al. (2024) also
reported elevated H2/PAH ratios in the nuclear regions of these
Seyfert galaxies and along their projected outflow directions,
which coincide with their radio jet axes (L. Zhang et al. 2024b).
More quantitatively, L. Zhang et al. (2024a) showed with JWST
spectroscopy of another three Seyfert galaxies (log Lbol/erg s−1 ≈
43.4–44.3) that the 3″ × 3″ apertures with PAH 11.3/7.7 > 0.4
exhibit log (rH2) values of approximately −1.00 to −0.05,
comparable to those observed in the three LINERs discussed
here (see Figure 6 in L. Zhang et al. 2026). In contrast, the central
3″ × 3″ aperture of MCG-05-23-016 (PAH 11.3/7.7 = 0.37), the
only one among the three Seyfert galaxies where radiative effects
play an important role as discussed therein, exhibits a
comparatively lower log (rH2) value of−1.27± 0.18. In addition,
according to L. Zhang & L. C. Ho (2023c), JWST spectroscopy
shows that most 100 pc−scale spaxels in the circumnuclear region
of NGC 7469 (log Lbol/erg s−1 ≈ 44.5) exhibit PAH band ratios
consistent with star-forming regions, particularly those located on
the nuclear starburst ring; however, the innermost spaxels in
NGC 7469 show elevated PAH 11.3/7.7 ratios of∼0.4–0.5, along
with signatures of outflows. In particular, spaxels in the innermost
200 pc of NGC 7469 exhibit log (rH2) and log (rNe) values of
−1.35 and−0.80, respectively, consistent with a substantial shock
contribution and comparatively weak AGN irradiation. These
results further suggest that shock processing plays an important
role in shaping the observed PAH properties even in Seyfert
galaxies. However, we caution that direct destruction of PAHs by
X-ray photons may also contribute in these higher-luminosity
Seyfert nuclei, as noted in Section 3.2.

4.2. A Practical Unified Framework for AGN Feedback

Considered together, the JWST measurements in the literature
and the spatially resolved results presented here suggest that
when AGN irradiation is the dominant feedback mechanism, it
primarily modifies PAHs through radiative heating and ionization
while preferentially photodestroying the smaller PAHs. In the
five targets examined here, this mode of feedback appears to be
largely associated with AGN ionization cones. This scenario is
consistent with the findings of Y. Xie & L. C. Ho (2022), who
reported elevated fractions of large and ionized PAHs on a global
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scale (i.e.,∼10 kpc) in a sample of 86 low-redshift (z≈ 0.05–0.4)
quasars with log Lbol/erg s

−1� 44.5, a regime in which radiative-
mode feedback is expected to dominate globally. In contrast,
when shock processing—driven by either jets or outflows in
diverse AGN environments—becomes the dominant or a
significant component of the feedback process, ionized PAHs
are preferentially destroyed through shock interactions, thereby
increasing the relative abundance of the surviving neutral PAHs.
This mode of feedback appears to operate over more extended
spatial scales in the targets examined here and is observed across
a wider range of AGN types and luminosities in the literature. In
particular, shocks that arise from jets are more commonly
associated with LINERs (see, e.g., L. Zhang et al. 2026), whereas
shocks driven by outflows are also frequently observed in Seyfert
galaxies (see, e.g., I. García-Bernete et al. 2024). These results are
consistent with the conclusions of L. Zhang et al. (2022), who
showed that the relatively low PAH 6.2/7.7 and elevated PAH
11.3/7.7 ratios observed in spatially resolved 10″ scale spaxels
across a sample of 30 nearby AGN with log Lbol/erg s

−1 ≈
39.0–42.5 cannot be attributed solely to the AGN radiation field,
but instead point to the combined influence of AGN radiation
fields and shocks. The above results point to a unified framework
in which AGN type is not the primary factor governing the
impact of AGN feedback. Rather, the underlying physical
conditions—specifically the relative importance of AGN irradia-
tion and shock processing—play a more fundamental role in
determining the effectiveness of AGN feedback and in shaping its
influence on the ISM. Consistent with the unified framework
proposed here, a growing number of studies combining (rest-
frame) optical IFU spectroscopy with radio observations have
revealed compelling evidence for the coexistence of radiative and
kinetic feedback in AGN environments (e.g., D. S. N. Rupke &
S. Veilleux 2011; A. Girdhar et al. 2022; G. Venturi et al. 2023;
N. Roy et al. 2026). Collectively, these findings support a unified
view of AGN feedback as a multichannel process, in which
multiple feedback mechanisms can operate simultaneously, rather
than being treated as mutually exclusive modes.
Within this unified framework, the seemingly disparate

results discussed in Section 3.1 can be reconciled by
accounting for the differences in sample selection. Specifi-
cally, the local (z ≲ 0.015) Seyfert nuclei analyzed by
A. M. Diamond-Stanic & G. H. Rieke (2010) have PAH 11.3/
7.7 ≈ 0.2–1.0 and exhibit a significant positive correlation
between the PAH 11.3/7.7 ratio and the H2 S(3)/(PAH 7.7
+PAH 11.3) ratio (see Figure 6 therein). Remarkably, the six
nuclei with the highest H2 S(3)/(PAH 7.7+PAH 11.3) ratios
and PAH 11.3/7.7 ≳ 0.6 deviate from the PAH 7.7–[Ne II]
12.81 correlation yet still follow the corresponding PAH 11.3–
[Ne II] 12.81 correlation. This behavior led A. M. Diamond-S-
tanic & G. H. Rieke (2010) to conclude that the 11.3 μm PAH
feature provides a more robust SFR indicator in these systems.
In contrast, the slightly distant (z ≈ 0.025–0.1) AGN sample
presented by S. M. LaMassa et al. (2012) exhibits generally
lower PAH 11.3/7.7 ratios (∼0.1–0.4) and shows a clear
negative dependence of both PAH EW11.3 and PAH 11.3/7.7
on the [Ne V] 14.32/[Ne II] 12.81 ratio (see Figures 7 and 10
therein). Furthermore, the PAH EW11.3 values (≲0.35) of the
local Seyfert nuclei studied by P. Esquej et al. (2014) lie within
the regime where the negative [Ne V] 14.32/[Ne II] 12.81–
PAH EW11.3 correlation reported by S. M. LaMassa et al.
(2012) starts to flatten at the high [Ne V] 14.32/[Ne II] 12.81
end. Within the unified framework, the AGN samples studied

by A. M. Diamond-Stanic & G. H. Rieke (2010) and
S. M. LaMassa et al. (2012) predominantly trace the two
feedback regimes dominated by shock processing and AGN
irradiation, respectively, with the former preferentially produ-
cing a weaker PAH 7.7 μm feature and the latter preferentially
producing a weaker PAH 11.3 μm feature. Moreover, the
generally higher redshifts and larger fraction of ionized PAHs
in the AGN sample presented by S. M. LaMassa et al. (2012)
are consistent with stronger radiative-mode AGN feedback at
higher redshifts. Supporting this interpretation, C. M. Lofaro
et al. (2026) recently found from their JWST spectroscopy that
the only AGN-hosting galaxy in the PAHSPECS sample of
five star-forming galaxies at z ≈ 1.1 exhibits PAH 6.2/7.7 ≈
0.13 and 11.3/7.7 ≈ 0.16 (extinction corrected), indicative of
radiative-mode AGN feedback. In contrast, the four purely
star-forming galaxies have PAH 6.2/7.7 ≈ 0.33 and 11.3/7.7
≈ 0.1–0.3, values more consistent with those measured in the
resolved star-forming spaxels of local galaxies (see also
F. R. Donnan et al. 2026 for spatially resolved analysis of the
same PAHSPECS sample). The reconciliation of these
disparate results within this unified framework further
validates its robustness and highlights the fundamental role
of the underlying physical conditions—especially the relative
contributions of AGN irradiation and shock processing—in
governing the manifestation and effectiveness of AGN
feedback.
Beyond the two distinct trends of progressive PAH

modifications associated with the two primary modes of
AGN feedback, several higher-order variations also merit
discussion. As discussed by L. Zhang et al. (2024a, 2026),
shocks may also contribute to the production of smaller PAHs
through the shattering and fragmentation of larger grains in
highly obscured regions, where the resulting small PAHs can
be effectively shielded from subsequent photodestruction (e.g.,
A. Alonso-Herrero et al. 2014, 2020; I. García-Bernete et al.
2022b; I. García-Bernete et al. 2026). This process helps
explain the enhancement of both PAH 6.2/7.7 and 11.3/7.7
ratios observed in the nuclei of NGC 1097 and throughout
NGC 4736 and likely also in the lower corners of panels (a5)
and (b5) in Figure 3, which spatially coincide with the
terminus of one of the spiraling gas arms feeding the
circumnuclear disk in Circinus (e.g., T. Izumi et al. 2018;
W. M. Goesaert et al. 2025). An alternative scenario,
particularly for the (post-)starburst systems NGC 4736 and
Circinus, is that the spaxels with larger PAH 6.2/7.7 ratios—
indicating a higher fraction of small PAHs—reflect the
bottom-up formation of PAHs from evolved stars. This
interpretation is consistent with their comparatively enhanced
PAH emission relative to the other three targets (see Figure 1),
although the contribution of evolved stars to PAH production
remains debated (for a review see A. Li 2020). Nevertheless,
the starburst nature of the nuclear region in Circinus, with
ΣSFR of 10M⊙ yr

−1 kpc−2 (see Figure 1 and also B.-Q. For
et al. 2012), likely contributes to the ionization of PAHs,
helping to explain the most extreme ionization fraction
observed in this galaxy (see also K. Yui Dan et al. 2026 for
a similar distribution of PAH band ratios among spatially
resolved spaxels in an AGN–starburst composite). In part-
icular, the rH2 values of most spaxels in Circinus are consistent
with a significant contribution from star formation activity to
the excitation of H2 (see Figure A1), although ionized
emission-line diagnostics indicate that all spaxels in Circinus
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are dominated by AGN excitation (see Figure A2). We also
note that NGC 1097 hosts a starburst ring at r ≈ 7″–10″,
whereas the central r ≲ 2″ region studied here is dominated by
AGN activity (e.g., E. Hummel et al. 1987; P.-Y. Hsieh et al.
2011; M. Mezcua & M. A. Prieto 2014; F. S. Tabatabaei et al.
2018), consistent with the relatively suppressed PAH emission
observed in the nuclear region of this target (see Figure 1).
Therefore, the enhanced PAH 6.2/7.7 and PAH 11.3/7.7
ratios observed in the nucleus of NGC 1097 are more likely
explained by the former scenario, although we cannot entirely
rule out the inward migration of newly formed PAHs from the
starburst ring.

4.3. Applications in Quantifying AGN Feedback

The above sections propose a unified framework for
interpreting two distinct modes of AGN feedback operating
in the central regions of AGN, highlighting the critical role of
spatially resolved analysis for disentangling these feedback
processes. In Section 3.1, we discuss the practical application
of our results in calibrating SFRs from PAH emission in AGN.
In Section 3.2, our findings highlight the strong potential of
PAH features not only as tracers of SFRs but also as
quantitative diagnostics of AGN feedback, analogous to the
role of traditional BPT diagrams in probing excitation
mechanisms. Moreover, the results presented above suggest
that AGN irradiation is preferentially associated with AGN
ionization cones, whereas shock processing associated with
either jets or outflows exhibits a broader spatial distribution
and operates across a wider range of environments, including
both LINERs and Seyfert galaxies. Developing this unified
framework into a more rigorous quantitative one, including the
establishment of anchor points for quantifying the relative
contributions of different AGN feedback modes and the
construction of a mixing-sequence PAH diagram to trace their
interplay, will require extending the present analysis to a larger
AGN sample that more comprehensively covers the full range
of AGN luminosities and shock strengths.
Such a more rigorous quantitative framework, to be

developed in future work, holds considerable promise for
quantifying the relative impact of different AGN feedback
modes in observations and thereby refining prescriptions for
AGN-driven energy injection into the surrounding ISM in
cosmological simulations. Specifically, this analysis has the
potential to provide constraints for the structure and energetics
of the AGN central engine in subgrid simulations, particularly
when informed by observational constraints spanning a wide
range of AGN luminosities and shock strengths. Theoretical
studies indicate that AGN may operate in distinct accretion
modes, from radiatively efficient, geometrically thin disks at
high Eddington ratios to radiatively inefficient, geometrically
thick flows at low accretion rates, which in turn regulate the
balance between radiative and kinetic feedback (for reviews
see T. M. Heckman & P. N. Best 2014; F. Yuan & R. Nara-
yan 2014). These differences are expected to leave measurable
imprints on the surrounding ISM, as observed in the PAH
features, which can in turn provide constraints on the structure
and energetics of the AGN central engine. In contrast to the
more concentrated distribution of ionized emission-line ratios
in the targets studied here (see Figure A2), the broader and
more continuous distribution of PAH band ratios suggests that
PAH features more effectively trace the nonhomogeneous

feedback processings associated with different AGN central
engines, rather than the more general radiation field strength
traced by ionized emission lines.
JWST IFU spectroscopy also provides an opportunity to

better constrain AGN duty cycles using tracers with com-
plementary response timescales to nuclear activity. As
discussed above, PAH molecules in AGN environments are
vulnerable to destruction by feedback processings, and studies
have estimated their lifetimes therein to be on the order of
∼103–105 yr (G. M. Voit 1992; E. R. Micelotta et al. 2010b).
These timescales are intermediate between the near-instanta-
neous response of high-ionization coronal lines and the longer
dynamical timescales of large-scale multiphase outflows
(≳106 yr; for a review see S. Veilleux et al. 2005).
Consequently, the spatially resolved distributions of PAH
emission, coronal line strengths, and multiphase outflow
kinematics—all accessible in the infrared—provide temporally
sensitive probes of recent AGN activity, enabling the
reconstruction of episodic accretion histories and tighter
constraints on AGN lifetimes and duty cycles in subgrid
prescriptions for cosmological simulations. These applications
further demonstrate the potential of this unified framework for
future studies to quantify the impact of AGN feedback and
constrain the spatial and temporal scales over which different
feedback modes operate.

5. Summary

Using high-quality JWST MIRI/MRS IFU spectroscopy as
part of GATOS, this Letter presents a spatially resolved analysis
of diagnostic features from ionized gas, H2, and PAHs in the
central r ≈ 40–240 pc regions of five carefully selected AGN.
The sample consists of two Seyfert galaxies for which JWST
spectroscopic observations are presented here for the first time
and three LINERs for which only nuclear integrated spectra have
previously been analyzed. The observations probe physical scales
of ∼4–24 pc across the sample spanning nearly four orders of
magnitude in AGN luminosity (log Lbol/erg s−1 ≈ 39.8–43.8).
By combining measurements of the relative suppression of

individual PAH features, the bimodal distributions of PAH
band ratios, and tracers of shock processing and AGN
irradiation, we identify two distinct AGN feedback modes
that imprint characteristic signatures on PAH properties,
associated with shock processing and AGN irradiation,
respectively. These modes broadly correspond to the kinetic
(or radio) and radiative (or quasar) forms of AGN feedback,
underscoring the diagnostic power of PAH emission for
probing AGN feedback processes. The spatially resolved
analysis further reveals that the kinetic and radiative modes of
AGN feedback can coexist in the central regions of AGN,
although one mode generally dominates. Moreover, AGN
irradiation appears to be preferentially associated with AGN
ionization cones and is likely to become more important at
higher redshifts. In contrast, shock processing—driven by
either jets or outflows—exhibits a broader spatial distribution
and is widespread among local AGN, including both LINERs
and Seyfert galaxies.
The findings from the spatially resolved analysis provide new

insights into calibrating SFRs from PAH emission in AGN and,
more importantly, into distinguishing between different modes
of AGN feedback. Together, the results and discussions
presented here point to a practical unified framework for
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AGN feedback that incorporates both AGN irradiation and
shock processing, enabling future investigations to quantify
their relative contributions and constrain the spatial and
temporal scales over which distinct feedback modes operate.
This framework has the potential to provide critical observa-
tional benchmarks for modeling AGN-driven galaxy evolution,
including constraints on the structure and energetics of the AGN
central engine in subgrid simulations across a wide range of
luminosities, as well as on AGN duty cycles through tracers
with complementary response timescales to AGN activity.
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Appendix
Supplementary Figures

See Figures A1 and A2 for the diagnostic diagram of [Ne V]
14.32/PAH 11.3 versus H2 S(1–5)/PAH 7.7 and the diagnostic
diagrams of (a) [Ne V]/[Ne III] versus [O IV]/[Ne III] and (b)
[Ne V]/[Ne III] versus [Fe II]/[Ar II], respectively. See
Figure A3 for the PAH 11.3/6.2 versus PAH 6.2/7.7
diagnostic diagram, and see Figure A4 for examples illustrat-
ing the multicomponent fitting procedure used to measure the
PAH features. See Tables A1 and A2 for the corresponding
coefficients in Equations (1) and (2), respectively. See
Table A3 for the flux measurements of the PAH 6.2, 7.7,
and 11.3 μm features; the H2 S(1)–S(6) transitions; and the
[Ne II] 12.81 μm, [Ne III] 15.555 μm, [Ne V] 14.32 μm, [Fe II]
5.34 μm, and [Ar II] 6.985 μm emission lines measured from
the aperture-extracted spectra shown in Figure A4.
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Figure A1. Diagnostic diagram of [Ne V] 14.32/PAH 11.3 (i.e., rNe) vs. H2 S(1–5)/PAH 7.7 (i.e., rH2) for ×0. 2 0 . 2 spaxels in the central ∼4″ × 4″ regions of the
five AGN targets. The data points highlighted with black circles pertain to spaxels in NGC 7314 and Circinus with PAH 11.3/7.7 < 0.2 and PAH 6.2/7.7 < 0.15,
while the points highlighted with red plus signs pertain to those with PAH 11.3/7.7 > 0.4.
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(a) (b)

Figure A2. Diagnostic diagrams of ionized emission-line ratios: (a) [Ne V] 14.32/[Ne III] 15.56 vs. [O IV] 25.89/[Ne III] 15.56 and (b) [Ne V] 14.32/[Ne III] 15.56
vs. [Fe II] 5.34/[Ar II] 6.99 for ×0. 2 0 . 2 spaxels in the central ∼4″ × 4″ regions of the five AGN targets. The data points with a black circle pertain to spaxels in
NGC 7314 and Circinus with PAH 11.3/7.7 < 0.2 and PAH 6.2/7.7 < 0.15, while the points with a red plus sign pertain to those with PAH 11.3/7.7 > 0.4. The
bluish and reddish contours show the distributions of model results computed by L. Zhang et al. (2025) for AGN and fast radiative shocks (including the shock
precursor), respectively. The included AGN models span ionization parameter log U from −2.3 to −1.8, AGN spectrum peak energy log (Epeak/keV) from −2.1 to
−0.9, metallicities of 1.5–2 Z⊙, and gas pressure log (P/k) from 7.0 to 9.5. The included shock models cover shock velocities vs from 100 to 400 km s−1, pre-shock
density nH from 103 to 104 cm−3, ratio of magnetic to ram pressure ηM from 0.0 to 0.001, and metallicities of 1.5–2 Z⊙. In each case, the contours enclose 30%, 60%,
and 90% of the model results, from the innermost to the outermost levels. Note that some spaxels have valid [Ne V] 14.32 μm measurements from Ch3 but no
corresponding [O IV] 25.89 μm measurements from Ch4; consequently, panel (a) contains fewer data points than panel (b).

(a) (b)

70% ionized
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Figure A3. Same as Figure 4, but with the y-axis replaced by the PAH 11.3/6.2 ratio. In addition, the PAH band ratios derived from the integrated spectra extracted
within the r 0 .5, r0. 5 1 . 0, and r1. 0 1 . 5 regions of each target are plotted with the same symbols and color coding as the spaxels in the five
AGN but are distinguished by black outlines of increasing size corresponding to the three radial apertures. Note that no data point is shown for the r 0 .5 region
of Circinus, as spaxels within this aperture are affected by saturation effects (see Figure 3 and its caption).

Table A1
Coefficients in Equation (1)

Feature α1 α2 α3 β σ
(dex)

(1) (2) (3) (4) (5) (6)

PAH 6.2 0.87 ± 0.02 −0.90 ± 0.03 −0.26 ± 0.01 38.68 ± 0.12 0.25
PAH 7.7 0.88 ± 0.01 −0.86 ± 0.02 −0.19 ± 0.01 39.60 ± 0.10 0.19
PAH 11.3 0.78 ± 0.02 −0.64 ± 0.02 −0.32 ± 0.01 38.59 ± 0.11 0.21
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Figure A4. Top panels: emission-line spectra obtained by subtracting the PAH emission and underlying continuum (i.e., the red curves in the middle panels) from
the integrated MIRI/MRS spectra extracted from the r 0 .5, r0. 5 1 . 0, and r1. 0 1 . 5 regions of each target. From left to right, the short markers
at the top indicate the positions of the [Fe II] 5.34 μm, [Fe VIII] 5.45 μm, [Mg VII] 5.50 μm, [Mg V] 5.61 μm, H2 S(6), H2 S(5), [Ar II] 6.985 μm, [Na III] 7.32 μm,
Pfα, [Ne VI] 7.65 μm, [Fe VII] 7.815 μm, [Ar V] 7.90 μm, H2 S(4), [Ar III] 8.99 μm, [Fe VII] 9.53 μm, H2 S(3), [S IV] 10.51 μm, H2 S(2), Huα, [Ne II] 12.81 μm,
[Ar V] 13.10 μm, [Ne V] 14.32 μm, [Ne III] 15.555 μm, H2 S(1), and [S III] 18.71 μm emission lines. Middle panels: illustrations of the multicomponent fitting
procedure used for the PAH measurements (see Section 2.3). The gray curves show the observed MIRI/MRS spectra with emission lines masked. The red curves
represent the best-fit models consisting of PAH emission and the underlying continuum. The blue curves show the combined underlying continuum components (i.e.,
stellar and dust continua), while the green curves represent the individual PAH features modeled with Drude profiles. Bottom panels: PAH spectra (black curves)
obtained by subtracting all continuum components (i.e., the blue curves in the middle panels) from the emission-line-masked MIRI/MRS spectra. As in the middle
panels, the green curves represent individual PAH features modeled with Drude profiles, while the magenta curves show their sum, corresponding to the modeled
PAH spectra. From left to right, the short markers at the top indicate the positions of the PAH complexes centered near 6.2, 7.7, 8.6, 11.3, 12.7, and 17.0 μm. Note
that all x-axes, as well as the y-axes in the middle panels, are shown on logarithmic scales, whereas the y-axes in the top and bottom panels are shown on linear
scales. No spectrum is shown for the r 0 .5 region of Circinus, as noted in Figure A3.
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Figure A4. (Continued.)

Table A2
Coefficients in Equation (2)

Feature α1 α2 α3 β σ
(dex)

(1) (2) (3) (4) (5) (6)

PAH 6.2 0.83 ± 0.02 0.50 ± 0.03 0.25 ± 0.01 −34.05 ± 0.54 0.24
PAH 7.7 0.93 ± 0.01 0.63 ± 0.03 0.20 ± 0.01 −38.04 ± 0.47 0.20
PAH 11.3 0.94 ± 0.02 0.38 ± 0.03 0.34 ± 0.01 −38.25 ± 0.60 0.24

16

The Astrophysical Journal Letters, 1007:L52 (19pp), 2026 August 20 Zhang et al.



Table A3
Flux Measurements from Aperture-extracted Spectra

Aperture log fPAH
6.2 log fPAH

7.7 log fPAH
11.3 log ( )f S

H2
1 log ( )f S

H2
2 log ( )f S

H2
3 log ( )f S

H2
4 log ( )f S

H2
5 log ( )f S

H2
6 log [ ]f Ne II

12.81 log [ ]f Ne III
15.56 log [ ]f Ne V

14.32 log [ ]f Fe II
5.34 log [ ]f Ar II

6.99 log τ9.7
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)

NGC 1097_0.5 −13.20 ± 0.07 −12.74 ± 0.06 −12.99 ± 0.08 −14.08 ± 0.01 −14.21 ± 0.01 −14.03 ± 0.01 −14.34 ± 0.01 −14.09 ± 0.01 −14.77 ± 0.01 −13.90 ± 0.04 −14.21 ± 0.03 −15.39 ± 0.03 −14.58 ± 0.01 −14.34 ± 0.05 −9.99
NGC 1097_1.0 −13.14 ± 0.03 −12.44 ± 0.03 −12.86 ± 0.04 −13.81 ± 0.01 −13.99 ± 0.01 −13.84 ± 0.01 −14.19 ± 0.01 −13.95 ± 0.01 −14.61 ± 0.01 −13.90 ± 0.01 −14.21 ± 0.02 −15.73 ± 0.11 −14.52 ± 0.01 −14.40 ± 0.03 −8.49
NGC 1097_1.5 −13.26 ± 0.06 −12.48 ± 0.05 −12.87 ± 0.05 −13.81 ± 0.02 −14.07 ± 0.02 −13.92 ± 0.01 −14.34 ± 0.01 −14.10 ± 0.01 −14.75 ± 0.01 −13.97 ± 0.18 −14.28 ± 0.01 −16.51 ± 0.08 −14.68 ± 0.01 −14.59 ± 0.12 −9.99
NGC 3190_0.5 −13.79 ± 0.05 −13.00 ± 0.05 −13.26 ± 0.04 −14.50 ± 0.01 −14.61 ± 0.01 −14.22 ± 0.01 −14.58 ± 0.01 −14.25 ± 0.01 −14.91 ± 0.01 −14.11 ± 0.03 −14.25 ± 0.01 −15.67 ± 0.01 −14.55 ± 0.01 −14.53 ± 0.03 −0.88
NGC 3190_1.0 −13.51 ± 0.06 −12.85 ± 0.05 −12.94 ± 0.05 −14.22 ± 0.01 −14.35 ± 0.01 −14.00 ± 0.01 −14.35 ± 0.02 −14.02 ± 0.01 −14.71 ± 0.02 −13.93 ± 0.06 −14.07 ± 0.02 −15.74 ± 0.01 −14.32 ± 0.01 −14.36 ± 0.03 −7.98
NGC 3190_1.5 −13.34 ± 0.03 −12.69 ± 0.02 −12.78 ± 0.01 −14.15 ± 0.02 −14.39 ± 0.03 −14.09 ± 0.03 −14.49 ± 0.03 −14.17 ± 0.03 −14.96 ± 0.04 −13.98 ± 0.09 −14.14 ± 0.08 −16.00 ± 0.03 −14.40 ± 0.01 −14.41 ± 0.05 −7.88
NGC 4736_0.5 −13.05 ± 0.06 −12.65 ± 0.05 −12.68 ± 0.05 −14.36 ± 0.01 −14.54 ± 0.01 −14.15 ± 0.01 −14.58 ± 0.01 −14.22 ± 0.01 −14.91 ± 0.04 −14.38 ± 0.01 −14.41 ± 0.03 −15.89 ± 0.02 −14.31 ± 0.01 −14.60 ± 0.05 −7.99
NGC 4736_1.0 −12.67 ± 0.06 −12.13 ± 0.05 −12.32 ± 0.06 −13.98 ± 0.01 −14.21 ± 0.02 −13.88 ± 0.01 −14.36 ± 0.02 −14.03 ± 0.01 −14.76 ± 0.04 −14.17 ± 0.01 −14.17 ± 0.08 −15.64 ± 0.01 −14.08 ± 0.01 −14.38 ± 0.04 −7.98
NGC 4736_1.5 −12.49 ± 0.03 −11.97 ± 0.02 −12.13 ± 0.03 −13.77 ± 0.02 −14.06 ± 0.02 −13.76 ± 0.02 −14.29 ± 0.01 −13.96 ± 0.01 −14.71 ± 0.03 −14.09 ± 0.01 −14.09 ± 0.04 −15.66 ± 0.01 −14.00 ± 0.01 −14.30 ± 0.04 −7.90
NGC 7314_0.5 −13.41 ± 0.12 −12.24 ± 0.04 −13.15 ± 0.08 −14.38 ± 0.03 −14.62 ± 0.03 −14.37 ± 0.04 −14.66 ± 0.02 −14.37 ± 0.02 −15.47 ± 0.21 −13.37 ± 0.10 −12.97 ± 0.03 −12.99 ± 0.07 −14.66 ± 0.01 −13.68 ± 0.01 −0.60
NGC 7314_1.0 −13.27 ± 0.06 −12.48 ± 0.06 −13.14 ± 0.06 −14.27 ± 0.02 −14.58 ± 0.02 −14.35 ± 0.03 −14.79 ± 0.02 −14.52 ± 0.02 −15.34 ± 0.08 −13.57 ± 0.01 −13.18 ± 0.01 −13.21 ± 0.04 −14.73 ± 0.01 −13.92 ± 0.01 −0.50
NGC 7314_1.5 −13.55 ± 0.06 −12.92 ± 0.06 −13.42 ± 0.06 −14.45 ± 0.02 −14.85 ± 0.01 −14.66 ± 0.02 −15.22 ± 0.02 −14.97 ± 0.02 −15.64 ± 0.02 −14.14 ± 0.06 −13.65 ± 0.02 −13.80 ± 0.03 −15.13 ± 0.01 −14.54 ± 0.01 −0.71
Circinus_1.0 −11.64 ± 0.06 −10.77 ± 0.05 −12.09 ± 0.06 −13.74 ± 0.02 −13.88 ± 0.02 −13.57 ± 0.01 −13.83 ± 0.01 −13.51 ± 0.01 −14.32 ± 0.08 −12.50 ± 0.01 −12.55 ± 0.03 −12.59 ± 0.08 −13.55 ± 0.01 −12.81 ± 0.01 0.09
Circinus_1.5 −11.24 ± 0.07 −10.53 ± 0.06 −11.27 ± 0.06 −13.25 ± 0.02 −13.35 ± 0.02 −13.16 ± 0.02 −13.41 ± 0.02 −13.11 ± 0.02 −13.98 ± 0.11 −12.22 ± 0.04 −12.20 ± 0.01 −12.29 ± 0.02 −13.19 ± 0.01 −12.54 ± 0.01 −0.17

Note. Flux measurements from integrated MIRI/MRS spectra extracted from the r 0 .5, r0. 5 1 . 0, and r1. 0 1 . 5 regions of each target. All measurements have been corrected for dust extinction
based on the fitted τ9.7 values listed in the last column (see Section 2.3).
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