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Figure 1.4 Left panel: Distance and absolute K-band magnitude of galaxies in our sample (black open
squares) compared with values for two major ETG surveys – MASSIVE (red circles) and ATLAS3D

(blue crosses). Note that the y-axis is truncated from 135 to 235 Mpc to include Hydra A. Right panels:
Comparison between a subsample of the ATLAS3D survey (blue) and our sample (black) of the distribution
of central velocity dispersion (σc; retrieved from the HyperLEDA database) and the effective radius (Re).
The ATLAS3D subsample consists only of galaxies with equal or greater brightness than the dimmest galaxy
in our sample (MK ≤−23.59). The median σc and Re values are printed and plotted (vertical dashed lines)
for convenience. Even when compared to this subsample of brighter galaxies, our sample appears to be
biased toward galaxies with a higher central velocity dispersion and slightly biased toward smaller effective
radii.

We compare our final sample to two major volume-limited surveys of nearby ETGs: ATLAS3D

(Cappellari et al. 2011) and MASSIVE (Ma et al. 2014). Out of 260 ETGs, the ATLAS3D survey

is comprised of ∼26% elliptical and ∼74% lenticular galaxies. Out of 116 ETGs, the MASSIVE

survey is comprised of ∼68% elliptical and ∼32% lenticular galaxies. Our final sample of 26

ETGs is comprised of ∼42% elliptical and ∼58% lenticular galaxies. We have six galaxies in

common with the ATLAS3D survey (NGC 3245, NGC 4261, NGC 4429, NGC 4435, NGC 4697,

and NGC 5838) and three in common with the MASSIVE survey (NGC 997, NGC 3862, and NGC
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5208). Figure 1.4 compares the distance and absolute K-band magnitude (MK) of our sample with

these ETG surveys. The galaxies in our sample appear to be, on average, more luminous than the

ATLAS3D galaxies and less luminous than the MASSIVE galaxies. Figure 1.4 also compares the

distributions of central velocity dispersion and Re of our sample with an ATLAS3D subsample,

which consists only of galaxies with equal or greater brightness than the dimmest galaxy in our

sample (MK ≤ −23.59). Even when compared to this subsample of brighter ETGs, our sample

appears to be biased toward galaxies with a higher central velocity dispersion and slightly biased

toward galaxies with smaller Re.

We note that 9 of the targets in our sample presently have published BH mass measurements

or estimates (Barth et al. 2016a;b; Boizelle et al. 2019; 2021; Davis et al. 2017; 2018; Kabasares

et al. 2022; Ruffa et al. 2019; 2023; Thater et al. 2022). For two of these ETGs – NGC 3258 and

NGC 4261 – we have already analyzed the respective HST data (Boizelle et al. 2019; 2021). For

uniformity, however, we include them for analysis using the same approach as is applied to the other

HST data sets. In many cases, the stellar luminosity models constructed here will still be useful in

any re-analysis of the ALMA CO data, or to better explore CND dust attenuation. Figure 1.5 shows

a zoomed-in view of the CNDs for the entire sample, revealing the range of dust obscuration faced

in this work.
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Figure 1.5 Sky-subtracted J −H color maps for all 26 target galaxies, highlighting just the dusty disk
regions. All images are shown using a linear intensity scale. The color values in each image are shown in
their respective color bars.



Chapter 2

Methods

In this chapter we discuss the methods used for obtaining and reducing optical and near-IR HST data.

In §2.1, we describe the HST (§2.1.1) observations used to measure the stellar surface brightness

distributions for each ETG in our sample and the Spitzer Space Telescope (§2.1.2) observations to

obtain a more accurate sky value for galaxies with more extended halos. Sky subtraction procedures

to account for zodiacal light are also outlined in §2.1.2.

2.1 Optical/Near-Infrared Imaging

2.1.1 HST Imaging

Each ETG in this sample of 26 targets was observed in a single HST orbit during programs GO-

14920, GO-15226, or GO-15909 (PIs: Boizelle). In all cases, data taken using the Wide Field

Camera 3 (WFC3; Dressel 2022) IR detector mitigates dust attenuation from these CNDs. For just

over half of these targets, we obtained additional WFC3/UVIS imaging to supplement previous

optical HST imaging. Broad wavelength coverage is crucial when attempting to constrain dust

attenuation, and from the B to the H bands the standard Galactic extinction law decreases by a

16
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Table 2.1. New and Archival HST Observations

Galaxy This Program1 Other Programs GO ID
Name WFC3/IR WFC3/UVIS WFPC2 ACS WFC3/UVIS

Hydra A F110W, F160W F475W · · · F814W · · · 12220 (PI: Mittal)
NGC 612 F110W, F160W F475W · · · F814W · · · 15444 (PI: Barth)
NGC 997 F110W, F160W F475W, F814W · · · · · · · · · · · ·
NGC 1332 F110W, F160W F438W F814W · · · · · · 5999 (PI: Phillips)

NGC 1387 F110W, F160W · · · F606W · · · · · · 5446 (PI: Illingworth)
· · · F475W, F850LP · · · 10217 (PI: Jordan)

NGC 3245 F110W, F160W F475W F547M · · · · · · 6837 (PI: Ho)
NGC 3258 F110W, F160W · · · · · · F435W, F814W · · · 9427 (PI: Harris)
NGC 3268 F110W, F160W F555W · · · F435W, F814W · · · 9427 (PI: Harris)
NGC 3271 F110W, F160W F475W, F814W · · · · · · · · · · · ·
NGC 3557 F110W, F160W F438W F555W · · · · · · 6587 (PI: Richstone)

NGC 3862 F110W, F160W · · ·
F547M, F791W · · · · · · 5927 (PI: Ford)

F702W · · · · · · 9069 (PI: Biretta)
· · · · · · F225W, F475W, F814W 14159 (PI: Meyer)

NGC 4061 F110W, F160W F475W F555W, F814W · · · · · · 9106 (PI: Richstone)

NGC 4261 F110W, F160W · · ·
F547M, F675W, F791W · · · · · · 5124 (PI: Ford)

F702W · · · · · · 5476 (PI: Sparks)
F450W, F606W, F814W · · · · · · 11339 (PI: Zezas)

NGC 4373a F110W, F160W F475W, F814W · · · · · · · · · · · ·
NGC 4429 F110W, F160W F475W, F814W F606W · · · · · · 5446 (PI: Illingworth)

NGC 4435 F110W, F160W · · · F450W, F675W, F814W · · · · · · 6791 (PI: Kenney)
· · · F475W, F850LP · · · 9401 (PI: Cote)

NGC 4697 F110W, F160W F555W · · · F475W, F850LP · · · 10003 (PI: Sarazin)
· · · · · · F225W, F336W 11583 (PI: Bregman)

NGC 4751 F110W, F160W F475W, F814W · · · · · · · · · · · ·
NGC 4786 F110W, F160W F438W F555W · · · · · · 6587 (PI: Richstone)
NGC 4797 F110W, F160W F475W, F814W · · · · · · · · · · · ·
NGC 5084 F110W, F160W F475W · · · · · · · · · · · ·
NGC 5193 F110W, F160W F475W F814W · · · · · · 5910 (PI: Lauer)
NGC 5208 F110W, F160W F475W, F814W · · · · · · · · · · · ·
NGC 5838 F110W, F160W F555W F450W, F814W · · · · · · 7450 (PI: Peletier)
NGC 6861 F110W, F160W F438W F814W · · · · · · 5999 (PI: Phillips)
NGC 6958 F110W, F160W F475W F547M, F814W · · · · · · 8686 (PI: Goudfrooij)

Note. — Optical and near-IR medium and broadband-filter HST observations that provide good coverage and depth. New WFC3/IR and UVIS
observations (1GO IDs: 14920, 15226, and 15909; PIs: Boizelle) supplement archival data sets that were obtained using the WFPC2, ACS, or
WFC3/UVIS detectors, ensuring sufficient coverage and sampling for forthcoming dust attenuation modeling efforts. In cases where multiple HST
observations exist at a given filter wavelength, we selected the observations that best covered the CND, preferring later-generation detectors while
avoiding long exposures with saturated nuclei or containing too many cosmic rays over the CND.

factor of nearly 8. In Table 2.1, we detail these new WFC3 data, along with the archival Wide Field

Planetary Camera 2 (WFPC2; McMaster & et al. 2008), Advanced Camera for Surveys (ACS; Ryon

2022), and WFC3 observations that were selected for this project to span the desired wavelength

range.
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New WFC3 Data

In the IR channel, we obtained both F110W and F160W (hereafter J and H) imaging for all targets.

The primary focus was to construct a near-IR mosaic that samples the CND using a dither pattern

while also probing well into the stellar halo. We employed a 4-point dither pattern for H-band

observations with a pattern separation depending on the projected galaxy size. For targets where the

galaxy is contained within the full-array WFC3/IR field-of-view (FOV), we adopted the 4-point

WFC3-IR-DITHER-BOX-MIN pattern to more optimally sample the H-band point-spread function

(PSF). For more extended galaxies, we employed a large square dither pattern with offsets of up

to 75′′ and total coverage up to 3.6′×3.6′. The stellar halos of several targets span a much larger

angular diameter, but larger-scale mosaicing would have resulted in additional overheads. This

larger-scale mosaicing placed the central bright region of each galaxy within the overlap region

between all four pointings. In most cases, these WFC3/IR mosaics extend out to a few ×Re, where

Re has been measured from our stellar luminosity models, as is described in §3.2. Individual H-band

exposure times ranged from 250 to 400 s, using various SPARS or STEP sampling sequences

(SAMP-SEQ) to avoid time loss due to buffer dumps. Each MULTIACCUM image used NSTEP =

9 or higher to enable good up-the-ramp calibration and cosmic-ray rejection. The combined data

reached the background limited sensitivity for this filter in the overlap regions.

For filters bluer than H, only the central region containing the CND is crucial to this project.

Therefore, we adapted the observational setup for the remaining new HST imaging to fit into a

single orbit. This adaptation included a smaller number of dithers and/or the use of a sub-array

aperture to avoid costly buffer dumps.

We generally obtained the J-band data using the IRSUB512-FIX sub-array aperture, employing

the 2-point WFC3-IR-DITHER-LINE pattern to better sample the PSF. This aperture gives a FOV

of about 60′′×60′′. In a few cases, the available optical data and orbit constraints allowed for

full-aperture J-band imaging. Sampling sequences for the J-band observations were similar to



2.1 Optical/Near-Infrared Imaging 19

those employed in acquiring the H-band data. While individual exposure times generally ranged

from only 100 to 200 s, the combined exposure time matched (or exceeded) the optimal value for

background-limited imaging in this filter.

Two cases with extended stellar light – NGC 3862 and NGC 4261 – host AGN that are more

prominent in the optical. Since these ETGs already had sufficient optical coverage, we obtained

more J and H-band imaging of these galaxy nuclei to facilitate better characterization of the near-IR

point source. These additional data were taken using the IRSUB256-FIX aperture and the ideal

4-point dither pattern, with the SPARS5 / NSAMP = 15 combination for rapid temporal sampling

(see Figure 2.1). For these shorter data sets, the total MULTIACCUM exposure time at an individual

pointing was just 33 s.

For over 80% of this sample, new WFC3/UVIS data was justified to supplement existing HST

optical data. Selections ensured coverage in broadband filters in the B and I-band regimes. At

the blue end, we obtained new WFC3/UVIS imaging using either the F438W or F475W filter,

depending on the program. At the red end, we chose the F814W filter. In a few cases, orbit

scheduling also allowed for F555W imaging for more complete wavelength sampling. To allow all

data to be scheduled in a single orbit, we chose either the UVIS1-2K2A-SUB or UVIS2-M1K1C-

SUB apertures that were centered on these CNDs. Exposure lengths for individual frames ranged

from 150 to 400 s depending on the remaining time available in the orbit. To limit the impact of

cosmic rays, observations in a single filter were split into either 2 or 3 frames and dithered using the

corresponding WFC3-UVIS-DITHER-LINE pattern.

Archival Data

We retrieved ACS, WFC3, and WFPC2 optical (and occasionally UV) images of our target galaxies

from the Mikulski Archive for Space Telescopes1 (MAST). Imaging was selected to ensure good

1https://archive.stsci.edu/hst

https://archive.stsci.edu/hst
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coverage of the galaxy’s CND. Additional criteria included employing only medium or broadband

filters to avoid possible contamination from emission lines, requiring good image quality (e.g., low

incidence of cosmic rays overlapping with the CND, and an unsaturated nucleus). In cases with

more than one imaging set in a filter or similar wavelength range, consideration was given to data

sets with the best angular resolution or most clear recovery of the CND structure. We note that the

HST archive contains additional NICMOS imaging in a range of near-IR filters for some galaxies

in our sample, even in redder filters than F160W. Due to the limited FOV and calibration issues

towards that instrument’s edges, however, we decided to not include any NICMOS products in our

analysis.

Calibration and Analysis

After processing these new data through the CALWF3 pipeline, we created final H-band mosaics

and B, I, and J subarray products using AstroDrizzle (Gonzaga et al. 2012). All WFC3 images

were drizzled successfully using the PyRAF (Science Software Branch at STScI 2012) version (see

Figure 2.1). However, errors arose when trying to drizzle the WFPC2 and ACS images, which

necessitated the use of the astropy (Astropy Collaboration et al. 2018) version instead. Following

the methodology in the DrizzlePac handbook2 (Gonzaga et al. 2012) for drizzling WFPC2 images,

we applied the same procedures to the ACS images, i.e., we updated their WCS coordinates and

then successfully equalized and drizzled the images. The WFPC2 images required a more time-

consuming process. Despite following the procedures as outlined, we were unable to successfully

update the WCS coordinates of, and consequently unable to drizzle, the WFPC2 images. We

eventually learned that the problem stemmed from the calibration frames, specifically that we lacked

all the necessary files. To ensure there would be no further issues, we retrieved all the calibration

frames for each set of WFPC2 observations from the HST archive. Once done, we successfully

2The tutorial we followed can be found here.

https://hst-docs.stsci.edu/drizzpac/files/60245881/140249756/1/1668009558070/DrizzlePac_Handbook_v2.pdf
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Figure 2.1 Large-scale H-band mosaics for Hydra A (left) and NGC 3862 (right). The red dashed-line boxes
demonstrate the pointing overlap for the dithered HST images before being drizzled into a single mosaic.
Though less visible, the blue dashed-line boxes indicate the smaller, ideal dither pattern used in the case of
NGC 1387, NGC 3862, NGC 4261, and NGC 4435.

updated the WCS coordinates and equalized and drizzled the images.

All images were drizzled to the same pixel scale of 0.08′′ pixel−1 to facilitate our goal of

constraining dust extinction on a pixel-by-pixel basis. For the dithered WFC3/IR data, we adopted a

pixel fraction of 0.75 to better sample the PSF. Since the WFC3/UVIS data had smaller detector

pixel sizes but less ideal dithering, we used the same pixel fraction. In general, these WFC3 data

obtained in a single orbit remain well aligned after drizzling. In Figure 2.2, we show examples of

these H-band mosaics and the HST footprint together with larger-scale near-IR imaging.

Preliminary mosaicing of the archival HST data did not align well with the new WFC3 data,

so we first aligned the pipeline-calibrated files to the H-band mosaic using TweakReg. Then, we

combined the single-filter data in AstroDrizzle using the same pixel scale and fraction as chosen

for the WFC3/IR imaging. The accuracy of dust attenuation modeling is very sensitive to the

relative (sub-pixel) alignment of data across all filters. Slight offsets between different filters were

still present, so to further improve the alignment of the HST data for each target, we calculated a

luminosity-weighted centroid using a series of stellar isophotes that were measured beyond the dusty
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Figure 2.2 HST WFC3 F160W drizzled mosaics overlaid on Spitzer IRAC1 (3.6 µm) supermosaics, with
the IRAC1 surface brightnesses scaled to match the sky-subtracted H-band surface brightnesses at the edge
of the HST footprint. These three targets were selected to highlight the diversity of stellar halo angular
extents and the challenges in accurately subtracting the H-band sky background for most of the sample. All
images are shown using a logarithmic intensity scale and the scalebar demarcates 1 arcmin. The entirety of
the Spitzer supermosaics are shown for NGC 3245 and NGC 3557; for NGC 612, the large-scale imaging
was cropped for convenience and better visibility of the HST F160W image.

features of the CND. Afterwards, we removed the offsets of the lower-wavelength data relative to

the H-band mosaic using spline interpolation. Finally, we confirmed the accuracy of these sub-pixel

offsets (or introduced additional fine tuning) by inspecting the resulting color maps. In Figure 2.3,

we show an example of the alignment of these multi-wavelength images for a single target.

Intrinsic stellar luminosity models described in §3.2 require a prescription for the point spread

function (PSF) in the corresponding filter. Following standard practice, we created model H-band

PSFs for each target by dithering and drizzling copies of the Tiny Tim (Krist & Hook 2004) F160W

response in an identical manner as were the HST data (see Figure 2.4). We note that the dithering

and drizzling process does help to obtain a larger full width at half maximum (FWHM) than usual,
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Figure 2.3 Aligned HST images showing NGC 4435 in five different filters, highlighting just the dusty disk
region in an inverted grayscale. The scale bar demarcates 100 pc. Going from bluer to redder filters, the
more diffuse dust towards the disk outskirts (at R ∼ 3.5′′) becomes less apparent while the more dense dust
towards the center (at R ∼ 2′′) becomes more distinct. Additional details on the relevant detectors are found
in Table 2.1.

but the theoretical PSF still shows a somewhat more narrow FWHM (∼ 0.19′′ on average) than is

observed for foreground stars in each H-band mosaic (generally ∼ 0.24′′). An alternative approach

is to employ an empirical PSF, and we find somewhat better agreement of these PSFs (∼ 0.20′′

on average) with the observed stellar FWHM for our data. Previous work by Zhao et al. (2021)

explored the differences between using a Tiny Tim WFC3 PSF and an empirical WFC3 PSF derived

from stars extracted from archival images, in the context of quasar host galaxy studies. They found

that an empirical PSF is undoubtedly better, though extraction of a PSF from a suitable star is not

always possible and timing and/or field variation effects can make constructing a proper empirical

PSF nontrivial. For our targets, bright foreground stars are not always seen near each galaxy center,

so we constructed a second model PSF by relying on the empirical WFC3/IR F160W PSF provided

by STScI3, again dithering and drizzling copies of this frame in the same manner as done for the

Tiny Tim files (see Figure 2.4). For the sake of simplicity, we include only the analysis using Tiny

Tim PSFs in this paper, with the exception of one representative target. For NGC 3862, we present

a comparison of the stellar luminosity models constructed using both a theoretical and an empirical

PSF in Section 3.2.1.
3The STScI WFC3 empirical PSF can be found at https://www.stsci.edu/hst/instrumentation/wfc3/data-analysis/psf.

https://www.stsci.edu/hst/instrumentation/wfc3/data-analysis/psf


24 Chapter 2 Methods

Figure 2.4 Side-by-side look at the 2D Tiny Tim (left) and the empirical (right) PSF, displayed to the same
spatial extent. Both sets of PSFs were constructed identically to the HST data, including dithering and
drizzling. The empirical PSF was provided by STScI. A comparison of the effects of using the Tiny Tim
versus the empirical PSF is presented in §3.2.1.

Careful analysis of a galaxy’s surface brightness distribution necessitates removing or masking

out contaminants. To isolate our target galaxies, we masked out all other galaxies, foreground stars

and diffraction spikes, detector artifacts, and cosmic ray-affected pixels. At small radii, we created

a second pixel mask that included the worst of the dust obscuration. To constrain the central surface

brightness profile with the least possible obscuration, we created an additional mask for each CND.

These dust masks, seen in Figures 2.5 and 2.6 for CNDs with a range of angular sizes, nearly always

contain the entire near side of the disk and typically include pixels with J−H ≳ 0.88 mag [or an

intrinsic color excess ∆(J−H)≳ 0.08 mag from the observed stellar colors just outside the CND].

The reason for this choice in color cutoff can be seen in Figure 1.5, which shows sky-subtracted

J−H color maps highlighting just the CND region of all our target galaxies, and Figure 2.7, which

shows the sky-subtracted J −H and ∆(J −H) color as a function of radius for the entire sample

— to ensure that we remove the worst of the dust obscuration while also maintaining a reasonable

standard between the variety of CNDs in our sample.
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Figure 2.5 HST WFC3 F160W drizzled mosaics for the same set of targets as shown in Figure 2.2, NGC
612, NGC 3245, and NGC 3557. On top of the nearly full-frame sky-subtracted data (top panels) is a box
that defines the zoom-in region (bottom panels). These data are shown using contours that are logarithmically
spaced to highlight the range of features. The best-fitting GALFIT MGE solutions are overplotted (in red),
showing general good agreement with the data in the central zoom-in plots. At larger radii, stellar isophotal
PA twists result in larger but unavoidable discrepancies. In the zoom-in panels, shaded regions show masked
portions of each CND based on high J −H color (see Figure 1.5), removing from the MGE fit the most
dust-obscured pixels that are typically found on the near side of the disk.
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Figure 2.6 Zoomed-in HST WFC3 F160W drizzled mosaics for targets not shown in Figure 2.5. Sky-
subtracted data are shown using contours that are logarithmically spaced to highlight the range of features.
The best-fitting GALFIT MGE solutions are overplotted (in red). Shaded regions show masked portions of
each CND based on high J−H color (see Figure 1.5), removing from the MGE fit the most dust-obscured
pixels that are typcially found on the near side of the disk. Note that the CNDs of NGC 1387, NGC 3862,
and NGC 4261 were left unmasked because they are not readily visible in the H-band images due to small
inclination angles and/or low intrinsic extinction.
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Figure 2.7 Top left panel: Sky-subtracted J−H color as a function of radius, normalized to the dust disk
influence. The dust disk influence was determined based on the slope of the color curve near the dust disk
radius in the H-band (Rdust,H , i.e., the dust disk radii reported in Table 2.2), such that Rdust here now equals
Rdust, infl. which ranged from Rdust,H to 1.2Rdust,H . Bottom left panel: (J −H)− (J −H)dust color, where
(J −H)dust is the color measured at the dust disk influence for each target, as a function of radius, also
normalized to the dust disk influence. The color data for both of these panels was adjusted as previously
described and binned to better show the overall trends of the color curves. The median color measured at
Rdust is also reported. Right panels: PA−PAe (top) and ε − εe (bottom) as a function of radius from the dust
disk influence outward, where PAe and εe are the PA and ε measured at Re, respectively. The only exception
is NGC 612 (shown in orange), whose Rdust is larger than its Re, in which case we plot it from ∼ 0.5Re
outward. These plots are also normalized by Re and separated by galaxy type. For all data shown here, those
in red are the galaxies our sample has in common with the MASSIVE survey.
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2.1.2 Spitzer Imaging and Sky Subtraction

Based on an initial analysis of the surface brightness profiles, we identified 17 galaxies (see

Table 2.2) whose H-band stellar light contributions near the edges of the HST footprint were at

the same level as the expected background level (primarily zodiacal in origin; Pirzkal 2014), as

estimated using the WFC3/IR Exposure Time Calculator4 (ETC) for the corresponding solar angles

for those images. Such a high level of stellar light that persists out to a projected R ∼ 2′ from the

nucleus or beyond prevents confident sky subtraction, at least without making assumptions about

the surface brightness slopes.

To avoid unnecessary assumptions and to extend surface brightness profiles for our sample

galaxies, we directly fit for the sky background by comparison to larger-scale Spitzer IRAC channel

1 (3.6 µm) data. We retrieve these IRAC supermosaics from the Spitzer Heritage Archive5. Prior

to extracting surface brightness profiles along a common direction for both the HST H-band and

Spitzer data, we masked galaxies and foreground stars in the relevant portions of the IRAC frames.

Additionally, we masked some noisy regions at the edges of the Spitzer supermosaics and at the

overlap of detector pointings.

For the 17 galaxies with more extended stellar distributions on the sky, we extracted H-band

and IRAC1 surface brightness profiles in the same direction towards the corner of the HST mosaic.

Following the method outlined by Boizelle et al. (2019), we used overlapping measurements to

simultaneously determine both the H − IRAC1 color and the H-band sky background, generally

between R ∼ 20−70′′ where color gradients tend to be mild (see Figure 2.8 for an example). As

reported in Table 2.2, these sky values are mostly consistent with expected ETC values for the Sun

angles at the time of observation. For the remaining 9 galaxies, whose stellar light distributions are

well contained within the H-band mosaic, we determined (and removed) the sky background using

4https://etc.stsci.edu/etc/input/wfc3ir/imaging/
5https://irsa.ipac.caltech.edu//onlinehelp/heritage/#about

https://etc.stsci.edu/etc/input/wfc3ir/imaging/
https://irsa.ipac.caltech.edu//onlinehelp/heritage/#about
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corner regions of the dithered footprint.

It was also necessary to determine and remove the J-band sky background. We estimated the

J-band sky values based on the WFC3/IR ETC, except for a few cases where the J-band footprint

covered out far enough to estimate the background independently. Sky values were chosen to ensure

a smooth color gradient between the dust disk extent and the outer portion of the J-band mosaics.

Because of the smaller FOV, not all J-band mosaics probed out to the H-band Re.
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Table 2.2. CND Properties, Isophotal Analysis, and Spitzer Scaling Results

Galaxy Rdust (b/a)dust PAdust PA⋆,phot ∆PA⋆,phot ∆ε median min,max skyH H−IRAC1 ∇J−H
Name (kpc) (arcsec) (deg.) (deg.) (deg.) a4/a a4/a (e s−1 arcsec−2) (mag) (mag)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Hydra A 2.03 0.27 / 1.96 −75.3 -36.0 41.2 0.304 −0.006 −0.101, 0.003 32.81 · · · -0.024
NGC 612 10.8 2.90 / 19.1 −11.0 -15.4 46.8 0.198 0.014 −0.023, 0.046 31.15 2.26 -0.027
NGC 997 2.32 4.69 / 5.70 32.6 29.7 11.0 0.034 −0.006 −0.043, −0.002 43.75 · · · -0.103
NGC 1332 0.24 0.17 / 2.17 114.9 116.7 3.4 0.445 −0.007 −0.014, 0.005 35.93 2.12 -0.031
NGC 1387 0.88 8.35 / 9.43 52.1 108.7 54.5 0.296 −0.001 −0.015, 0.006 40.41 2.22 -0.024
NGC 3245 0.16 0.59 / 1.60 −6.9 -3.4 19.7 0.367 0.001 −0.091, 0.024 71.66 2.65 -0.054
NGC 3258 0.15 0.58 / 0.99 75.0 76.3 21.3 0.188 −0.001 −0.009, 0.031 45.52 2.66 -0.071
NGC 3268 0.40 1.27 / 2.40 −108.6 -112.1 7.4 0.097 0.001 −0.002, 0.007 33.35 2.20 -0.044
NGC 3271 0.46 1.04 / 1.74 −86.1 -66.9 33.7 0.280 −0.003 −0.035, 0.043 28.13 · · · -0.058
NGC 3557 0.22 0.62 / 0.99 36.2 33.4 7.7 0.122 0.002 −0.006, 0.011 56.51 2.20 -0.025
NGC 3862 0.38 0.80 / 0.84 −9.0 -16.0 62.7 0.344 0.002 −0.019, 0.015 38.82 2.27 -0.046
NGC 4061 0.92 0.93 / 1.81 −6.2 -5.6 28.1 0.084 −0.006 −0.076, 0.027 39.06 · · · -0.063
NGC 4261 0.13 0.51 / 0.89 −16.4 -22.3 13.9 0.137 −0.002 −0.014, 0.005 45.25 2.20 -0.024
NGC 4373a 0.95 2.17 / 6.00 −26.0 -32.4 9.7 0.404 0.003 −0.010, 0.030 28.13 · · · -0.123
NGC 4429 0.90 5.62 / 13.5 90.3 94.4 11.5 0.248 0.004 −0.013, 0.043 43.30 2.15 -0.021
NGC 4435 0.25 0.86 / 3.07 13.8 6.3 28.8 0.273 0.002 −0.018, 0.054 42.22 2.13 -0.042
NGC 4697 0.20 0.95 / 3.48 65.3 66.0 2.3 0.142 −0.003 −0.010, 0.003 51.50 2.13 -0.034
NGC 4751 1.54 3.22 / 13.7 −5.1 -4.9 5.2 0.102 −0.003 −0.031, 0.008 26.56 · · · -0.157
NGC 4786 0.19 0.32 / 0.57 −13.1 -17.0 13.1 0.105 0.002 −0.011, 0.033 40.66 2.20 -0.025
NGC 4797 5.72 4.64 / 10.6 22.8 31.0 17.8 0.219 0.001 −0.013, 0.024 32.81 · · · -0.069
NGC 5084 0.13 0.44 / 1.18 −2.0 82.8 5.7 0.449 −0.002 −0.016, 0.006 48.44 2.13 -0.023
NGC 5193 0.21 0.60 / 0.96 64.7 70.8 46.1 0.196 0.005 −0.031, 0.047 68.75 · · · -0.036
NGC 5208 8.70 3.42 / 18.1 −17.7 -17.1 6.2 0.050 −0.006 −0.008, 0.036 34.38 · · · -0.083
NGC 5838 0.45 1.70 / 4.15 36.8 47.4 11.9 0.464 −0.004 −0.023, 0.007 49.79 2.18 -0.080
NGC 6861 1.01 1.92 / 7.60 −37.9 -38.0 25.7 0.224 0.002 −0.002, 0.038 39.69 2.19 -0.078
NGC 6958 0.25 1.15 / 1.29 105.5 109.7 43.7 0.225 −0.001 −0.024, 0.050 74.59 2.25 -0.059

Note. — Measured properties of the CNDs and results from an isophotal analysis applied to the H-band mosaics. Col. (2), (3), and (4) report the
dust disk radius (in kpc), the measured minor and major axis (in arcseconds), and the position angle of the dusty circumnuclear disk, respectively, as
observed and estimated by eye in IR HST imaging. While the full isophotal results are shown in Figure 3.1 and in the Appendix, col. (5), (6), and
(7) give the average stellar photometric PA, the degree of isophotal twisting (∆PA⋆,phot), and ∆ε values. The average stellar photometric PA was
calculated using Equation 3.1, between Rdust and Re, with the exception of NGC 612 and NGC 4797, calculated between Rdust and 3Re and 1.5Re,
respectively. The ∆PA and ∆ε values were calculated using Equations 3.2, and 3.3, as measured from just beyond the outer edge of the dust disk to
near the edge of the H-band mosaic. Col. (8) and (9) report the median and range of a4/a parameters. To this table are added the sky backgrounds in
col. (10), which were determined by splicing together the H-band+IRAC1 data. For those with more extended stellar halos, col. (11) gives the color
term needed to scale the IRAC1 surface brightness profiles to match the H-band data. Col. (12) reports the J−H color gradient calculated using the
formula ∇J−H = d(J −H)/d(logρ) (La Barbera et al. 2010), where ρ is the unitless distance to the galaxy center R/Re. Each color profile was
fitted in the radial range of ρmin = Rdust to ρmax = 2Re, except for NGC 612, in which case the radial range was extended to 3.5Re.
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Figure 2.8 Top: Example of using Spitzer IRAC1 (3.6 µm) data to extract a more accurate H-band sky
background for NGC 3557. Bottom: Example of a galaxy, NGC 3862, that did not (much) need the large-
scale Spitzer imaging to get the sky background. The surface brightness was measured from the HST H-band
image (in black), with Spitzer data (in red) spliced in at radii beyond 20′′.


