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Abstract

We present maps of the 3.3 pm polycyclic aromatic hydrocarbon (PAH) emission feature in NGC 628, NGC 1365,
and NGC 7496 as observed with the Near-Infrared Camera imager on JWST from the PHANGS-JWST Cycle 1
Treasury project. We create maps that isolate the 3.3 um PAH feature in the F335M filter (F335Mpay) using
combinations of the F300M and F360M filters for removal of starlight continuum. This continuum removal is
complicated by contamination of the F360M by PAH emission and variations in the stellar spectral energy
distribution slopes between 3.0 and 3.6 um. We modify the empirical prescription from Lai et al. to remove the
starlight continuum in our highly resolved galaxies, which have a range of starlight- and PAH-dominated lines of
sight. Analyzing radially binned profiles of the F335Mpay emission, we find that between 5% and 65% of the
F335M intensity comes from the 3.3 um feature within the inner 0.5 r,s of our targets. This percentage
systematically varies from galaxy to galaxy and shows radial trends within the galaxies related to each galaxy’s
distribution of stellar mass, interstellar medium, and star formation. The 3.3 pm emission is well correlated with the
11.3 um PAH feature traced with the MIRI F1130W filter, as is expected, since both features arise from C-H
vibrational modes. The average F335Mpay/F1130W ratio agrees with the predictions of recent models by Draine
et al. for PAHs with size and charge distributions shifted toward larger grains with normal or higher ionization.

Unified Astronomy Thesaurus concepts: Polycyclic aromatic hydrocarbons (1280); Interstellar dust (836); Medium
band photometry (1021); James Webb Space Telescope (2291)

1. Introduction

Oriainal content y . b A under h Polycyclic aromatic hydrocarbon (PAH) emission is
rigina’ content from fhis work may be usec uncer the terms observed ubiquitously in the interstellar medium (ISM) of
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of the work, journal citation and DOL. total infrared emission (Draine et al. 2007; Smith et al. 2007,
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Tielens 2008; Li 2020). Consequently, these PAH vibrational
bands are detectable in galaxies out to high redshift (e.g.,
Riechers et al. 2014). In the era of JWST, PAH emission will
be a widely observed and valuable tracer of the ISM across a
large range of redshifts. In particular, 3.3 ym PAH emission—
the shortest wavelength PAH feature of significant strength—
will potentially be detectable in galaxies out to z~7 with
JWST MIRI spectroscopy.

The 3.3 yum PAH feature arises from a C-H stretching
vibration (Schutte et al. 1993; van Diedenhoven et al. 2004).
Laboratory and theoretical studies suggest that the feature is
dominated by small, neutral PAHs (Maragkoudakis et al. 2020;
Draine et al. 2021; Kerkeni et al. 2022). The longer-wavelength
C-H bending mode at 11.3 ym is also dominated by neutral
PAHs but is expected to arise from larger grains, and the ratio
of 3.3 um to 11.3 um is therefore expected to be a relatively
clean diagnostic of the average size of the PAHs (Lai et al.
2020; Maragkoudakis et al. 2020; Draine et al. 2021).

The 3.3 um PAH feature was not covered by the spectro-
scopic instruments on Spitzer. Due to the wide wavelength
coverage of the Spitzer IRAC 3.6 um filter, it was difficult to
isolate the 3.3 um feature contribution to the broadband
emission (though principal component approaches have found
a signal correlated with longer-wavelength PAH emission;
Meidt et al. 2012; Querejeta et al. 2015). Observations with the
Infrared Space Observatory and Akari measured the 3.3 ym
feature spectroscopically (e.g., Verstraete et al. 2001; Imanishi
et al. 2010; Lee et al. 2012; Lai et al. 2020), as have some
ground-based studies (e.g., Sloan et al. 1997), but these efforts
have generally focused on very bright targets—Milky Way
photodissociation regions, ultraluminous infrared galaxies, and
galaxy nuclei, for example. JWST observations provide the first
opportunity to map 3.3 um emission in nearby galaxies,
including both star-forming regions and the diffuse ISM.
Moreover, the Near-Infrared Camera (NIRCam) medium-band
filter set of F300M, F335M, and F360M (see Figure 1 for an
illustration) provides one of the first opportunities to make
large area maps of 3.3 ym emission and use the comparison to
11.3 yum PAH emission traced by the MIRI F1130W filter to
map PAH size variations. The NIRCam PSF (point-spread
function) at F300M, F335M, and F360M has FWHM
~0”10-0"12, yielding 5-10 pc resolution in galaxies at
distances of 10-20 Mpc.

There are some challenges in isolating the 3.3 um PAH
feature using the NIRCam medium bands. The variation of the
stellar spectral energy distribution appears to be large enough
that scaling F300M with a single stellar color does not provide
a clean subtraction (see Section 3). While using a linear
interpolation between F300M and F360M can address this
Issue and remove the stellar continuum with a varying slope,
contamination of the F360M band by the 3.3 pm feature itself,
the nearby 3.4 um “aliphatic” feature (thought to arise from
PAHs with an aliphatic subgroup, which encompasses a
variety of nonaromatic hydrocarbon structures that may be
attached to the PAHs; Yang et al. 2017), and the 3.47 ym
“plateau” feature, also attributed to PAHs (Hammonds et al.
2015; Lai et al. 2020), complicate the linear interpolation in
places with bright PAH emission. Both the 3.4 and 3.47
features are substantially weaker than the 3.3 um PAH (for
instance, the 3.4 ym feature is on average ~8% of the strength
of 3.3 um feature; Lai et al. 2020), but they fall in the F360M
band, potentially complicating the continuum subtraction. The
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degree to which the 3.3 and 3.4 um features vary relative to
each other is not yet well characterized in normal star-forming
galaxies (though Akari observations have shown variations in
starbursts and luminous infrared galaxies; Lai et al. 2020).
Spectroscopic observations with NIRSpec in nearby galaxies
are well suited to addressing this question in the near future.
The 3.3 um feature itself can significantly contribute to both of
the nearby medium bands in cases where the PAH emission is
bright compared to the underlying continuum. For nearby
galaxies, where individual stars and diffuse emission are
highly resolved, we expect to find regions with different
relative contributions from PAHs and starlight, making it
necessary to carefully test any continuum subtraction proce-
dure in both regimes.

In this Letter, we describe the production of the first 3.3 um
PAH maps of NGC 628, NGC 1365, and NGC 7496 from the
PHANGS survey. Our goal is to demonstrate this key
capability of JWST to map the ISM at high angular resolution
(~0”1) with the NIRCam medium bands. The PHANGS-
JWST Treasury program will eventually cover 19 galaxies
from the PHANGS sample (see Lee et al. 2023 for more
details). These targets have deep, high-resolution, ancillary
information from the Atacama Large Millimeter /submillimeter
Array (Leroy et al. 2021), Very Large Telescope-MUSE
(Emsellem et al. 2022), Hubble (Lee et al. 2022), AstroSat (H.
Hassani et al. 2023, in preparation), and more. Combining
NIRCam imaging of the 3.3 um PAH feature with MIRI
imaging of the 7.7 and 11.3 um features enables one of the first
studies of the variation of both PAH size and charge over large
regions of nearby galaxies (Chastenet et al. 2023), in HII
regions (Egorov et al. 2023), and near young star clusters and
associations (Dale et al. 2023; Rodriguez et al. 2023). As part
of this effort, we found it was necessary to adjust the current
best NIRCam medium-band continuum removal prescription in
the literature from Lai et al. (2020) to account for PAH-
emission (or related dust-emission) contamination of F360M
filter (Section 3). While we expect the optimal recipe may
evolve, especially informed by future JWST NIRSpec spectral
mapping, our results already demonstrate that the NIRCam
medium-band filter set is one of the most powerful available
tools to map the ISM at high resolution and offers a new
window into PAH properties. Our work here also highlights the
need for future spectroscopic calibration of the empirical
medium-band PAH continuum subtraction recipes.

2. Observations

We use observations of the first three galaxies from the
PHANGS-JWST survey (Lee et al. 2023) observed with
NIRCam—NGC 628, NGC 1365, and NGC 7496. The
properties we adopt for the galaxies are listed in Table 1.
The three galaxies were observed with the long-wavelength
(LW) channel of the NIRCam instrument on JWST with the
F300M, F335M, and F360M filters between 2022 July and
August. The targets were covered with small two- or four-
pointing mosaics. The total integration for each mosaic tile was
386.5 seconds in the F300M and F335M filters and 429.4
seconds in F360M. The resulting uncertainties in the images
are ~0.05, 0.045, and 0.06 MJy sr~! for the F300M, F335M,
and F360M bands, respectively. These observations were
obtained simultaneously with deep F200W observations in the
short-wavelength channel. After the NIRCam observations, a
similar region of the galaxy was observed with the MIRI



THE ASTROPHYSICAL JOURNAL LETTERS, 944:L7 (11pp), 2023 February 20

1.2 T T T T T T
F300M F335M F360M

1.0

0.8

0.6

0.4

Normalized I, (MJy/sr)

0.2

T T

0.0 L1 1

2.8 3.0 3.2 3.4 3.6 3.8 4.0
Wavelength (um)

Figure 1. The NIRCam F300M, F335M, and F360M wavelength coverage
overlaid on the 1C template spectrum from Lai et al. (2020; open squares) with
their PAHFIT-based decomposition (Smith et al. 2007). The continuum
(including starlight, hot dust, and the effects of attenuation) is shown with a
blue line. Orange lines show the individual dust features, including the 3.3 ym
PAH feature, the 3.4 pm “aliphatic” emission feature, and the 3.47 pm plateau,
which are labeled with arrows. The 3.74 ym Pfund ~ emission line is shown
with a magenta line. The combined fit to all components is shown with a green
line. PAH (or aliphatic) dust-emission features contribute both to F335M and
F360M, as well as longer-wavelength dust emission in the F360M filter. These
contributions complicate continuum subtraction in our highly resolved
galaxies, where individual lines of sight may be dominated by PAH emission
in all three filters.

Table 1
Galaxy Properties

Target Distance Inclination P.A. 25

(Mpc) © ©) (kpe)
NGC 628 9.8 9 21 14.1
NGC 1365 19.6 55 201 342
NGC 7496 18.7 36 194 9.1
Note.

Properties adopted from Leroy et al. (2021) following Lee et al. (2023), which
draws orientations from Lang et al. (2020) and distances from Anand et al.
(2021).

instrument, using the F770W, F1000W, F1130W, and F2100W
filters. The observations and data processing are described in
detail in Lee et al. (2023) in this Issue. The data processing
included a step of correcting for astrometric offsets between the
NIRCam images. In the following analysis, in addition to the
F300M, F335M, and F360M observations, we also make use of
the F200W and F1130W maps.”” F200W primarily samples
stellar continuum, providing a template for stellar emission that
is relatively uncontaminated by strong PAH or hot dust
emission. The F1130W filter, on the other hand, is quite
narrowly centered on the 11.3 um PAH feature, yielding a
measurement that in essentially all cases is dominated by PAH
emission. The contribution of starlight at 11.3 ym is minimal
and over the 0.7 um wavelength filter width of F1130W, and
PAH emission greatly exceeds the contribution from other
small, stochastically heated dust grains. Spectroscopy from the

29 The filter widths of the F200W, F300M, F335M, F360M, and F1130W
filters are Apm = 0.461, 0.318, 0.347, 0.372, and 0.7 pm.
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“Spitzer Infrared Nearby Galaxies Survey” shows that
wavelengths around 11.3 ym are dominated by PAH emission
in ~Z, galaxies like our targets (Smith et al. 2007; Whitcomb
et al. 2022).

To correctly trace the faint diffuse emission in the images,
we made small adjustments to the background level of the
images (~0.1 MJy sr™'). In the pipeline-produced data
products, the NIRCam maps have a small but significant
negative offset that is evident in faint regions of the map. In
each of the galaxies, we found approximately empty sky
regions outside the galaxy to determine the background level.
We measured the average values in these regions using a
biweight mean algorithm to reject outliers. We found the
average background level from all empty sky regions and
subtracted it from the maP. After adding back in the offsets, all
maps reach ~0 MJy sr™ in their outskirts without becoming
significantly negative. The origin of the background offsets is
not yet known and may be resolved with future updates to the
NIRCam processing and calibration pipeline.

To investigate the optimal continuum subtraction for the
3.3 um feature, in Section 3 we explore use of the F300M and
F360M filters to predict the continuum in the F335M image.
For this comparison, we do not convolve the images to
matched resolution at this time since the small differences in
FWHM mean that kernel generation is subject to artifacts and
noise amplification. Our tests indicate that the FWHM of the
PSF is similar across these three bands to within ~10%. We
use the F1130W to select regions with strong PAH emission in
the images. We do not convolve to match F1130W since it is
used only to select coarse regions of the image (i.e.,
F1130W < 1 or >10 MJy sr ). We regrid the maps to the
common astrometric grid of the F335M data with pixel scale
0”063 using bilinear interpolation.

We note that the PHANGS-JWST NIRCam imaging is
affected by 1/f noise. As described in Lee et al. (2023), we
have applied a correction that minimizes the striping. However,
in the difference images between F300M, F335M, and F360M
used in this Letter, the stripes are prominent even after
correction. Future work or updates to the calibration files and
pipeline processing may be able to remove this noise.

3. Subtracting the 3.3 um Continuum

In Figure 2 we show images of a representative
1.5 x 1.5 kpc region in NGC 628 in all the photometric bands
that we consider in this analysis. We will use this region to
visualize the results of our continuum subtraction. The
F300M, F335M, and F360M images are shown with identical
intensity scaling. Diffuse emission can be seen clearly in the
F335M and F360M filters. In bright star-forming regions,
diffuse emission is also evident in F300M and F200W,
potentially arising from hot dust emission and/or nebular
emission lines covered by those filters. The diffuse emission
present in the F360M filter could be the result of a
combination of 3.3 ym emission, other nearby emission lines,
hot dust continuum, and/or the 3.4 um aliphatic feature and
faint 3.47 um PAH “plateau” feature.

3.1. Lai et al. (2020) Prescription for 3.3 pm Continuum
Subtraction

Previous work by Lai et al. (2020) using a combination of
Akari and Spitzer spectroscopy determined a set of coefficients
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Figure 2. A representative 1.5 x 1.5 kpc region of NGC 628 shown in the F200W, F300M, F335M, F360M, and F1130W bands with an asinh color table at each
filter’s native resolution. The F1130W filter traces primarily PAH emission from the 11.3 pm feature. The F200W filter traces primarily stellar continuum. The F335M
filter is centered on the 3.3 ;m PAH feature and includes both stellar continuum and PAH emission. Diffuse emission is visible in the F335M and F360M bands. In the
F1130W panel, we highlight faint PAH emission with F1130W < 1 MJy sr™" with a red contour and bright PAH emission with F1130W > 10 MJy st~ ' with a green

contour. These faint and bright selections are used in Figure 3.

for a linear combination of the F300M and F360M bands to
remove the continuum, following the form:

F335Mpan = F335M — F335Mcont. (1)
F335Mcom = A x F300M + B x F360M. )

Their recommended coefficients are A;,;=0.35 and
B; ,; = 0.65. For the current investigation, we work in surface
brightness units (MJy sr—') and do not integrate over the filter
width or convert to vF,. Therefore, our F335Mpsy and
F335M,on¢ maps are in units of Mly S Following Lai
et al. (2020), F335Mpay in units of MJy can be converted to an
integrated 3.3 ;um band flux in units of 10~'* erg s~ ! cm ™2 by
multiplying with a factor of 10.78 (appropriate for nearby
galaxies at z=0). The Lai et al. (2020) prescription predicts
colors for the F335M continuum described by

F335M oo F360M
F300M MUE300M

This calibration was derived for moderately obscured
galaxies with high star formation rates. Lai et al. (2020) find
through synthetic photometry that their targets are typically
continuum dominated in the F335M band, with ~15% of the
flux being due to the PAH feature. Lai et al. (2020) note that
water ice absorption at 3.05 pum in the F300M band may
influence their results for the more heavily obscured targets.

= AL, + B 3

Our sample has minimal obscuration on average (median E
(B —V) ~0.2-0.3 for H I regions in these targets; Groves et al.
2023) and lower star formation surface densities than most of
the Lai et al. (2020) sample. In the following, we investigate
continuum subtraction with the three medium bands, but we
note that unlike Lai et al. (2020), we are unable to spectro-
scopically constrain any contamination from the 3.4 ym
“aliphatic” or 3.47 um “plateau” features. These features are
significantly fainter than the 3.3 ;sm band so may not dominate
the diffuse signal in F360M.

3.2. Observed F300M/F335M/F360M Colors in PAH- and
Continuum-dominated Regions

The PHANGS-JWST observations resolve individual stars
and ISM emission at 540 pc scales in the F300M to F1130W
bands. From Figure 2, it is clear that there is a wide variation in
the degree to which any given line of sight is continuum or
PAH dominated. In addition, it is clear that in places where the
emission is PAH dominated, the F360M band traces PAH-
related emission as well. This suggests that a simple linear
interpolation in the continuum following Equation (3) will not
suffice.

To investigate these Issues, we measure the F300M/
F335M/F360M colors in regions of the images we expect to
be continuum dominated versus PAH dominated using
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F1130W < 1 MJy sr™

F335M/F300M

F1130W > 10 MJy sr™*

F360M/F300M

F360M/F300M

Figure 3. F335M/F300M vs. F360M/F300M color in our representative region of NGC 628 selected by F1130W surface brightness. In the left panel, the PAH
emission at F1130W is faint (F1130W <1 MJy sr "), so the 3.0-3.6 um colors should be dominated by stars. This region is highlighted with a red contour in Figure 2.
In the right panel, we select bright regions in F1130W (>10 MJy st "), for which we expect the colors to be dominated by PAH emission. The PAH-bright region is
highlighted with a green contour in Figure 2. The red line in each panel shows the Lai et al. (2020) prescription for the stellar continuum. In starlight-dominated
regions, this prescription does well at predicting the continuum at F335M. However, in regions dominated by PAHs, the F360M/F300M color is also responding to
the PAH emission, leading to overestimates of the F335M continuum. We include synthetic photometry for the 1A, 1B, and 1C template spectra from Lai et al. (2020)
with red circles, illustrating that our observed colors span a much wider range than the spectra used to create the continuum subtraction prescription.

F1130W as a guide. We first select all regions where F1130W
<1 MJy st ! to represent a low-PAH emission region (shown
with a red contour in the bottom right panel of Figure 2). We
also select regions where F1130W >10 MJy sr™ ', representing
highly PAH-emission dominated regions (green contour in
bottom right panel of Figure 2). In Figure 3, we show the
results of this selection for pixels above a 50 detection
threshold in the F300M, F335M, and F360M bands.

In Figure 3 we also include synthetic photometry in the
NIRCam medium bands for the 1A, 1B, and 1C template
spectra from Lai et al. (2020). These template spectra show
only moderate attenuation, making them the most comparable
templates to our targets. The template spectra, which represent
the spectra used to formulate the Lai et al. (2020) continuum
prescription, cover a much narrower range of F360M/F300M
colors than our observations.

For the low-PAH emission regions (F1130W <1 Mly sr™ "),
we find 3.0-3.6um colors in good agreement with the Lai et al.
(2020) prediction. These measurements also suggest that the
starlight continuum at these wavelengths is not well described
by a single color. This can be seen in the extension of the both
the F335M/F300M and F360M/F300M colors along the Lai
et al. (2020) slope. If a single stellar color would suffice, these
points would be expected to be clustered around a single value
of F335M/F300M and F360M/F300M. The range of colors
suggests we are seeing contributions from a variety of stellar
populations, including red supergiants and asymptotic giant
branch stars, which show a wider range of near- to mid-IR
spectral shapes, some related to circumstellar dust (Meidt et al.
2012).

From the strongly PAH-dominated regions identified by high
F1130W surface brightness (F1130W >10 My sr ') in
Figure 3, we see that PAH emission appears in the color—
color diagram with a linear slope Bppg=1.6 and offset
Apag = — 0.2, where we describe the linear relation in the

colors with

F335Mpanu
F300M

F360M

= Apan + BpaH———.
PAH PAHF3OOM

“)
We found the same slope using all pixels in the three target
galaxies where F1130W >10 My sr ', suggesting that the
Bpay = 1.6 slope is a good representation of the colors of
PAH-dominated emission across our sample. This comparison
shows that in regions dominated by PAH emission, the
F360M/F300M color and the F335M/F300M color are both
tracing the PAH feature(s) in this wavelength range. Perform-
ing a linear interpolation with the Lai et al. (2020) slope would
lead to subtracing off 3.3 um PAH emission because the
F360M filter is capturing emission from this feature.

3.3. An Optimized Continuum Subtraction Recipe for Highly
Resolved Galaxies

To avoid oversubtraction of PAH emission, we determine a
correction for the predicted F335M_,,,; based on the observed
F335M/F300M and F360M/F300M colors. This approach
represents a first-order correction to the continuum subtraction
approach from Lai et al. (2020), and future effort on
spectroscopic 3.3 um PAH observations will be necessary to
develop a more rigorous procedure for highly resolved targets
like ours. The nature of this correction is shown in Figure 4.
The basic approach is to use the observed F335M/F300M
color as an indication of how PAH-dominated the emission is
in a given location. Using the observed slope of Bpay = 1.6 for
PAH-dominated emission, we can scale the F360M/F300M
color to where it intersects the relationship from Lai et al.
(2020), obtaining a corrected F360M/F300M color with which
to predict the F335M_,,,.. The intersection of these two lines is
where the PAH contribution to both colors is assumed to
be zero.
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Figure 4. llustration of the correction to the F360M /F300M color to minimize
oversubtraction of PAH emission from the F335M filter. The correction works
by scaling the colors along the PAH-dominated color trend, which has a slope
of Bpany = 1.6. The black points show the pixel-by-pixel colors derived in
PAH-faint regions of the map (F1130W < 1 MJy st~ '). The gray points show
colors in the PAH-bright regions (F1130W > 10 MJy sr™!). Two examples of
the correction are shown with yellow and cyan stars. The measured values x,,,,
v, are scaled along the PAH slope until they intersect the Lai et al. (2020)
relation for stellar continuum colors to obtain corrected values x,y,.
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For each point, we scale the measured F360M /F300M value
(x,,) and F335M/F300M value (y,,) along the PAH slope to
where it intersects with the continuum relationship described
by Lai et al. (2020). This yields a corrected F360M/F300M
ratio (x.) and F335M/F300M ratio (y.). The PAH slope is
described as

Yy = Apan + Bpanx, Q)
and the Lai et al. (2020) slope is given by

Yy = Arai + Braix. (6)

F335M,,y Lai et al. (2020)

0.01 | 15°47'35" : -
01"36™40.5%40.0° 39.5° 39.0°

F335M,,,, This Work
: R SN T
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Using Equation (5), we can write the relationship between x,,,,
Y and x., y. as

Im T _ g 7)
Xm — Xe

The corrected values will lie on Equation (6), so
Y. = ALai + BraiXe. (8)

We can then write x,. in terms of the measured colors (x,,, y,,) as
follows:

_ Bpanxm —
L=

ym + ALai

Bpan — Brai

©))

Putting this back into the Lai et al. (2020) formula, we can then
obtain a prediction for y,., which represents the F335M /F300M
color appropriate for the continuum and subsequently the
F335M continuum as follows:

B m A ai
v BLai( PAHYm = Y 1 AL )+Am (10)
Bpan — Brai
F335Mcon = y. X F300M. (11)

In Figure 5 we show a comparison of the F335M continuum
derived from the above method and that from Lai et al. (2020).
The right panel shows the difference in the continuum
predicted by the two techniques. It is clear that the corrected
formula more cleanly isolates stellar continuum, minimizing
oversubtraction of PAH emission, while maintaining the
success of the Lai et al. (2020) formula at subtracting starlight.
While this empirical correction can be fine-tuned in the future,
this approach provides a straightforward technique to measure
the 3.3 um feature for these first science applications with
NIRCam medium-band imaging. We proceed in the following
section to interpret the resulting maps of PAH emission.

In the future, we plan to investigate more sophisticated
approaches to determining the PAH contamination of the
various NIRCam medium bands. The basic assumptions in this
approach are that the F300M is relatively uncontaminated by
diffuse emission, and the F335M/F300M ratio therefore gives
a reasonable estimation of the degree of PAH emission.
However, since there is a range of colors appropriate for the
stars, a single scaled stellar spectral energy distribution tied to
F300M does not appear to work well at removing the

1

Lai — This Work My sr™
SR . 0.2
: | Al o,
fad | ' . | E
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Figure 5. The predicted F335M_,, from the Lai et al. (2020) formula in Equation (3) (left panel); the empirical prescription presented in this work in Equations (10)
and (11) (middle panel); and the difference between them (right panel) for our representative region from NGC 628 shown in Figure 2. The left and middle panels
show the same 1.5 x 1.5 kpc region of NGC 628 shown in Figure 2 with the same a sin/ color table. The right panel shows that significant amounts of diffuse
emission are included in the F335M,,,, from the Lai et al. (2020) prescription because of the fact that F360M also includes some PAH-related emission. Our
prescription minimizes this contamination by correcting the F360M/F300M colors while still cleanly subtracting the stellar continuum.
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Figure 6. PAH 3.3 um emission and continuum for NGC 628.

continuum. Instead, we interpret the spread in F360M/F300M
at a fixed F335M/F300M as variations in the stellar SED. This
may not be the case, as various other effects can alter the
3.0-3.6 um colors, including variations in the 3.4 ym feature,
extinction, ice absorption features, other diffuse emission from
hot dust and/or nebular emission. Future work comparing the
3.0-3.6um stellar colors with stellar population modeling
based on the PHANGS-MUSE observations (Emsellem et al.
2022) may allow development of more precise stellar
continuum recipes. Future spectroscopic calibration of
F335M continuum subtraction recipes will be critical to fully
exploit the capability to map PAH emission with medium-band
filters on NIRCam and move beyond the first-order correction
presented here.

4. Results

In Figures 6, 7, and 8 we show the F335Mpay and
F335M,onc maps for all three targets, using our continuum
subtraction scheme described above. The F335Mpay maps are
the highest resolution view of the PAH emission in these
galaxies, with linear resolution between 5 and 10 pc. This
resolution is similar to what can be achieved with Hubble

optical imaging. We find typical uncertainties of o ~ 0.07 Mly
st ! in the F335Mpay maps for these galaxies, as measured in
faint regions of the map with minimal emission (this value also
matches expectations from propagating measured errors in
F300M, F335M, and F360M through the correction formulae).
Given that our observations required only ~400 s of integration
per field, the sensitivity of the maps is impressive. In the future,
deeper observations with medium bands to map the 3.3 um
PAH feature will be straightforward with NIRCam.

4.1. PAH-to-Continuum Ratios

As a result of our continuum subtraction, we can measure the
fraction of the F335M band that is due to PAH emission (i.e.,
F335Mpan/F335M). We show radial profiles of this fraction in
Figure 9 (left panel). To create these profiles, we binned the
F335Mpapn and F335M intensities in bins of 0.01r,5, including
all pixels where the emission in both filters was detected at
>30. We measure the median of the F335Mpay and F335M in
these bins and then divide to obtain the ratio as a function of
radius. This value is lowest in the galaxy centers, where high
stellar mass surface density leads to starlight dominating the
F335M band. In all three galaxies the fraction increases
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Figure 7. PAH 3.3 ym emission and continuum for NGC 1365.

relatively smoothly with radius outside the central 0.17,s.
Values range between 5% and 65%, with NGC 628 spanning
both the lowest and highest parts of that range over the range of
radii we cover (~0.3r,5). Both NGC 1365 and 7496 are barred
galaxies with high central gas surface densities associated with
circumnuclear star-forming rings. These regions produce strong
PAH emission, which causes the upturn in the
F335Mpan/F335M in their centers. NGC 628, on the other
hand, shows a monotonic increase in F335Mpay/F335M with
radius, suggesting that starlight surface brightness falls more
rapidly than PAH surface brightness as a function of radius,
which may reflect varying scale lengths for the stellar mass and
ISM distributions. The varying behavior even among these first
three targets from PHANGS-JWST emphasizes the need for
continuum removal recipes that work for both continuum and
PAH-dominated sight lines since starlight makes up a highly
variable fraction of the emission in the NIRCam medium
bands.

4.2. Typical 3.3/11.3 PAH Feature Ratios and Comparison to
Draine et al. (2021)

Both the 3.3 and 11.3 ym PAH features are thought to arise
from vibrations in C—H bonds, which are strongest from neutral
grains (Schutte et al. 1993; van Diedenhoven et al. 2004;
Kerkeni et al. 2022). Because smaller PAHs gain more energy
per vibrational mode upon absorbing a UV photon of a given
energy, they are able to more effectively excite the shorter-
wavelength emission at 3.3 um compared to larger PAHs.
Thus, the 3.3/11.3 ratio for a fixed radiation field spectrum is
expected to trace the average size of the grains (Maragkoudakis
et al. 2020; Draine et al. 2021; Rigopoulou et al. 2021). Recent
models from Draine et al. (2021) predict the 3.3/11.3 ratio for a
range of PAH sizes and charge distributions in radiation fields
of varying intensity and hardness.

In the right panel of Figure 9, we show the radial profile of
the F335Mpap/F1130W ratio for each galaxy. The data are
radially binned as described in Section 4.1, with the addition of
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Figure 9. (left panel) Fraction of the F335M band from the 3.3 um PAH feature as a function of galactocentric radius in units of r,s. Error bars show the error on the
mean, which is very small given the large number of measurements that contribute in each radial bin. The fraction of the F335M filter emission that traces PAHs varies
systematically from the inner, stellar continuum-dominated regions to the fainter outskirts of the disk. (right panel) The ratio of the 3.3 and 11.3 ym PAH features
(traced by F335Mpap/F1130W) as a function of galactocentric radius (error bars show error on the mean). Due to saturated sources in the centers of NGC 1365 and
7496 at F1130W, we have masked the inner r = 7/'5 region, which corresponds to the inner 0.04 r»5 for NGC 1365, and the inner 0.08 r»5 for NGC 7496. We have
also masked the inner 0.02 r,5 for NGC 628 due to contamination by evolved stellar populations at F1130W. Significant variations in the median F335Mpay/F1130W
ratios as a function of radius exist in the galaxies. Our observed ratios are generally consistent with expectations from the Draine et al. (2021) models for PAH size
distributions shifted toward larger grains and charge distributions with either “high” or “standard” ionization.

masking out radial ranges affected by saturation for the
F1130W filter. We masked the inner 7”5 radius region, which
extends to the radius where the PSF for the bright central
source drops to 107> of its peak value (see Hassani et al. 2023
for further details). This corresponds to a cut at <0.04r,5 (<1.4
kpc) for NGC 1365 and <0.08r,5 (<0.7 kpc) for NGC 7496.
We additionally mask the very central region of NGC 628
(<0.02rp5 or <0.3 kpc) where evolved stellar populations
contribute to the F1130W emission in a hole in the ISM
distribution near the nuclear star cluster (see Hoyer et al. 2023).
Error bars show the error on the mean. Our results show
variations of the ratio between 0.02 and 0.08, with an average

value of ~0.05 across the three targets. These ratios are
investigated in more detail in Chastenet et al. (2023) and Dale
et al. (2023). For comparison, we plot two ratios from the
Draine et al. (2021) models. These values are derived by filter
convolutions of the models as described in Dale et al. (2023).
We use the results for a stellar population age of 1 Gyr and
representative size (“small,” “standard,” and “large”) and
charge distributions (“low,” “standard,” and “high”). For most
of these combinations, the predicted F335Mpay/F1130W
predictions are outside our plot range, but our results are
consistent with emission from a population of PAHs with
“large” characteristic size and “standard” or “high” ionization.
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This is in agreement with the results from Dale et al. (2023)
who also find the best alignment with the “large” and “high”
ionization results from the Draine et al. (2021) model grid,
although they use much younger stellar population ages to
represent the environments of embedded clusters.

5. Conclusions

The capability of NIRCam medium bands on JWST to map
the 3.3 um PAH feature at high angular resolution and
sensitivity provides an invaluable new tool for studying PAHs.
Combined with the longer-wavelength MIRI imaging, the 3.3/
11.3 PAH feature ratio (traced by F335Mpay/F1130W)
presents one of the cleanest diagnostics of PAH size, helping
to interpret a range of other band ratio variations (e.g., 7.7/
11.3), which can have both size and charge dependence. In
addition, the 3.3 um feature can be mapped with NIRCam at
2-3 times finer angular resolution than the 7.7 um or 11.3 ym
bands, yielding 5-10 pc resolution in our targets. This allows
measurements of the sizes of HII regions and bubbles (see
Barnes et al. 2023; Watkins et al. 2023), the identification of
filamentary structure (Meidt et al. 2023; Thilker et al. 2023),
the identification of embedded clusters (Rodriguez et al. 2023),
and potentially tracing the gas column at higher resolution than
is routinely possible with any millimeter or radio facilities
(Leroy et al. 2023; Sandstrom et al. 2023).

In this Letter, we have presented a first approach to using the
NIRCam medium bands F300M, F335M, and F360M to create
a map of the 3.3 um PAH feature. We find a key consideration
for highly resolved galaxies like our targets is to correct the
F360M/F300M colors to account for contamination by PAH
emission (the 3.3 um feature itself, the 3.4 ym aliphatic, and
the 3.47 ym plateau features) in F360M. We develop an
empirical first-order correction to the Lai et al. (2020)
prescription, which combines the successes of the Lai et al.
(2020) formula at removing starlight with a scaling using the
F335M/F300M colors to correct for PAH contamination in
F360M. We demonstrate that this approach succeeds in
mitigating oversubtraction of PAH emission from F335M that
would result from a simple linear interpolation across the
bands. Future work to calibrate the continuum subtraction
using NIRSpec observations in highly resolved nearby galaxies
will be critical to move beyond our first-order correction and
deal with effects such as attenuation, absorption features, stellar
population variations, hot dust, and/or nebular emission in the
various bands.
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