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Abstract

A wealth of observatlons have long suggested that the vast majority of isolated classical dwarf galaxies
(M, =10"-10° M) are currently star formmg However, recent observations of the large abundance of “ultra-
diffuse galaxies” beyond the reach of previous large spectroscopic surveys suggest that our understanding of the
dwarf galaxy population may be incomplete. Here we report the serendipitous discovery of an isolated quiescent
dwarf galaxy in the nearby Universe, which was imaged as part of the JWST PEARLS Guaranteed Time

, and
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Observation program. Remarkably, individual red-giant branch stars are visible in this near-IR i 1ma$1ng, suggesting

a distance of 30 &4 Mpc, and a wealth of archival photometry point to an sSFR of 2 x 10

formation rate of 4 x 10~ *M_ yr

~! and star

. Spectra obtained with the Lowell Discovery Telescope ﬁnd a recessional
velocity consistent with the Hubble Flow and >1500 kms™

! separated from the nearest massive galaxy in Sloan

Digital Sky Survey suggesting that this galaxy was either quenched from internal mechanisms or had a very high-

velocity (=1000km s~

) interaction with a nearby massive galaxy in the past. This analysis highlights the

possibility that many nearby quiescent dwarf galaxies are waiting to be discovered and that JWST has the potential

to resolve them.

Unified Astronomy Thesaurus concepts: Low surface brightness galaxies (940); James Webb Space Telescope
(2291); Dwarf galaxies (416); Stellar populations (1622); Galaxy evolution (594)

1. Introduction

Our understanding of the process of star formation and
quenching in classical dwarf galaxies remains poorly under-
stood, despite the large number of detailed observations of local
systems (Weisz et al. 2011; McConnachie 2012; Spekkens et al.
2014; Mao et al. 2021; Putman et al. 2021; Carlsten et al. 2022).
This is partly due to the outsized influence of complex internal
(e.g., star formation feedback; Dekel & Woo 2003; Hopkins
et al. 2014; Agertz & Kravtsov 2016) and external (e.g., ram
pressure stripping, galaxy harassment; Gunn & Gott 1972;
Moore et al. 1996; Mayer et al. 2006; Boselli et al. 2008;

Original content from this work may be used under the terms

BY of the Creative Commons Attribution 4.0 licence. Any further
distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOI.

Fillingham et al. 2016; Wang et al. 2021; Wang et al. 2022)
processes given their comparatively weak gravitational potential.
These processes result in a large diversity in the star formation
properties among the dwarf galaxy population (Weisz et al.
2011; de los Reyes & Kennicutt 2019).

Despite all the variation in dwarf galaxy properties, one
constant seems to hold: isolated dwarf galaxies always seem to be
star forming (Haines et al. 2007; Geha et al. 2012; Kawinwa-
nichakij et al. 2017; Davies et al. 2019; Prole et al. 2021). Only a
handful of objects are known to violate this rule (e.g.,
Karachentsev et al. 2015; Martinez-Delgado et al. 2016; Garling
et al. 2020; Polzin et al. 2021; Casey et al. 2023), and most of
these objects are just beyond massive groups or clusters for
which they may have experienced some recent interaction.
However, observations of a large number of “ultra-diffuse
galaxies” in clusters (Koda et al. 2015; Mihos et al. 2015; Mufioz
et al. 2015; van Dokkum et al. 2015; Romén & Trujillo 2017a;
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Figure 1. Top: the JWST of the PEARLSDG  galaxy
(blue = FO9OW + F150W, green = F200W + 0.5 x F277W, red =0.5 x
F277TW+F356W+F444W). Bottom: DECALS grz image of the sky immedi-
ately surrounding PEARLSDG. Both images are aligned such that north is up
and east is left. PEARLSDG is identified with the cyan box, and the green
squares show the area covered by NIRCam imaging. Also shown are two of the
closest (in-projection) nearby massive galaxies (identified in red circles).

Lee et al. 2020), groups (van der Burg et al. 2016), and the field
(Romén & Trujillo 2017b; Leisman et al. 2017; Prole et al. 2021),
have led some to speculate that the star forming universality is
hampered by selection effects and that many low-surface-
brightness quiescent galaxies are waiting to be discovered (e.g.,
Romén et al. 2019). Results from the SMUDGES survey
(Zaritsky et al. 2019; Goto et al. 2023), which finds a statistical
signature of quiescent ultra-diffuse galaxies well beyond the virial
radii of massive hosts, give credence to this possibility.
Imaging with NIRCam (Rigby et al. 2023) on JWST has the
potential to dramatically improve our understanding of nearby
dwarf galaxy populations. Red giant branch (RGB) stars are
approximately 2 mag brighter in the near-IR than optical
wavelengths (McQuinn et al. 2017; Weisz et al. 2023),
allowing for the possibility of measuring RGB distances
beyond 30 Mpc and surface-brightness-fluctuation distances
even further. This, in conjunction with the relative insensitivity
of near-IR selected galaxies to age-based selection effects,
means that a much more complete understanding of the
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environment of dwarf galaxies, and the influence of that
environment on the star formation of those galaxies, will soon
be possible.

As a precursor to this potential wealth of discovery, we
report the serendipitous discovery of an isolated, quiescent,
classical dwarf galaxy at R.A.=12"12"18%, decl. =
+27935™24%, known as PEARLSDG throughout, in imaging
of the CLG1212 cluster as part of the Prime Extragalactic
Areas for Reionization and Lensing Science (PEARLS)
program (Windhorst et al. 2023). While this galaxy has been
photometrically identified in other surveys (DECaLS and Sloan
Digital Sky Survey, SDSS), JWST imaging is able to resolve
individual RGB stars constraining its distance to 30 £ 4 Mpc.
Follow-up optical spectroscopy suggests that it is isolated from
nearby massive galaxies, and spectral-energy-distribution
fitting confirms that it is quiescent. Section 2 describes JWST
and Lowell Discovery Telescope observations identifying the
galaxy and measuring its recessional velocity. Section 3
describes the measurement of its basic properties, including
its recessional velocity, point-source photometry of its stars,
and aperture photometry of the whole object. Section 4
describes the inferred galaxy properties, including its distance
measured with the tip of the red giant branch (TRGB) method
(Section 4.1), its stellar population parameters, and star
formation rate based on spectral-energy-distribution fitting
(Section 4.3), and large-scale environment (Section 4.4).
Finally, Section 5 summarizes our results and presents some
preliminary interpretations. We utilize Vega magnitudes when
discussing point-source stellar photometry and jansky when
discussing aperture photometry. When applicable, we utilize a
cosmology with Hy=73kms ' Mpc~' (Riess et al. 2022),
Q,,=0.3, and Q) =0.7.

2. Observations

Before its serendipitous observation as part of the PEARLS
program, PEARLSDG had been photometrically identified in
SDSS, DECaLS (Dey et al. 2019), Wide-field Infrared Survey
Explorer (Wright et al. 2010), and GALEX surveys. It was also
included in Spitzer IRAC 3.6, 4.5, 5.7, 8 um, and MIPS 24 and
70 pm imaging of CLG1212'® (programs 20225, 13024; PI:
Rines). For example, SDSS characterized it as an object with an
r-band magnitude of 18.84, a half-light radius of 3”76, and an
average surface brightness of 23.6 AB magarcsec 2. JWST
F200W observations find similar structural parameters, with a
best-fit Sérsic n of 0.8 and r, of 3”7 (see Section 4.2). This
ancillary imaging allows us to characterize the stellar
populations of PEARLSDG in detail.

2.1. JWST Observations

The PEARLS program (Guaranteed Time Observation 1176;
PI: Windhorst; Windhorst et al. 2023) targeted the CLG-J1212
42733 cluster (Zitrin et al. 2020) on 2023 January 13-14. This
field was observed with FOO0W, F150W, and F200W short-
wavelength filters and F277W, F356W, and F444W long-
wavelength filters. The median exposure times were 2491 s,
1890s, and 1890s for FO9OW, F150W, and F200W; and
1890 s, 1890 s, and 2491 s for F277W, F356W, and F444W. In
the imaging, PEARLSDG appears in the non-cluster module,

16 1t is just outside the footprint of the Hubble Space Telescope (HST) WFC3
and Advanced Camera for Surveys imaging of the cluster taken as part of GO:
15959; PI: Zitrin.
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approximately 2/ 3 from the cluster. Figure 1(a) shows an RGB
image of PEARLSDG using all JWST filters, and Figure 1(b)
shows a DECaLS image of it and its surroundings.

The default PEARLS reductions described in Windhorst
et al. (2023) apply ProFound-based sky subtractions (Robot-
ham et al. 2017) and “wisp” removal (Robotham et al. 2023),
which was designed to efficiently identify faint galaxies with
small angular sizes. However, this affects low-surface-bright-
ness features in PEARLSDG, so we use the standard STSCI
reductions, which do not implement this sky subtraction. The
JWST data are hosted at doi:10.17909/h26w-zh06, and will
become publicly available 2024 January 13.

2.2. Lowell Discovery Telescope DeVeny Observations

Following the identification of this galaxy, it was observed
with the DeVeny long-slit optical spectrograph on the Lowell
Discovery Telescope The observations were carried out on
2023 June 21, using a 175-wide slit and the 500 1/mm grating
centered at A= 5000 A. Eleven exposures were taken, with a
total of 1.3 hr spent on source. Much of the spectrum is affected
by sinusmdal pattern noise that can affect the DeVeny
camera.'” This sinusoidal noise was first subtracted by fitting
the pattern noise across the slit.'® Following this correction,
standard data reductions were completed using the PYPEIT
software (Prochaska et al. 2020), which in addition to flat-field,
bias, and wavelength calibrations, corrects for flexure effects
using sky lines. The initial wavelength calibration was done
using an Arl-CdI-Hg lamp, and sky lines were used to maintain
the wavelength calibration throughout the night. The 2D
spectra were stacked, weighting by the signal-to-noise ratio
(S/N) of PEARLSDG, and a 1D spectrum was extracted using
the optimal extraction procedure of Horne (1986).

3. Measurements
3.1. Point-source Photometry

We conduct point-source photometry on PEARLSDG using
the DOLPHOT package (Dolphin 2000, 2016). Updates to the
DOLPHOT software were implemented in 2023 April as part of
the JWST Resolved Stellar Populations Early Release Science
Program (Weisz et al. 2023). DOLPHOT uses point-spread
functions (PSFs) created with WEBBPSF to iteratively subtract
point sources identified in the image. Stars are identified in the
combined 12D file and simultaneously fit to the FO090W,
F150W, and F200W CAL files. Aperture corrections are
measured on isolated stars and applied to the measured fluxes.
The parameters recommended for JWST observations in
crowded fields'® (including img_apsky = 20 35, img_ RAper =

3, and FitSky = 2) were adopted. The drizzled F200W image
(where RGB stars are the brightest) was taken as the detection
image, and photometry was conducted on all six JWST filters.

Similar to other works, (e.g., Dalcanton et al. 2009; Radburn-
Smith et al. 2011; Danieli et al. 2020), we limit our selection to
objects with the following DOLPHOT parameters: type < =2,
S/NF20()W > 4, S/NFISOW > 3, S/NFOQOW > 3CROWDF2()OW < 03,
CROWDE 50w < 03, CROWDggggw < 03, \sharp|ngow < 02,
|sharp|g1sow < 0.2, |sharp|roeow < 0.2. We also exclude objects
more than 8” from the galaxy center to reduce contamination from

'7 hitp:/ /www2.lowell.edu /users /tbowers /DevenyManualv171.pdf
'8 hitps: //github.com/LowellObservatory /LDTObserverTools
19 http:/ /americano.dolphinsim.com/dolphot/dolphotNIRCam.pdf
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background point sources like globular clusters. The criteria of
CROWD <0.15 largely restricts the sample to objects >1”5 from
the center of the galaxy, so we do not apply any additional
spatial cut.

Additionally, several (54) stars have unexpectedly red
colors, with FI150W-F200W > 0.7. The FO90W-F150W
colors of these objects are expected, but due to their unusual
F150W-F200W colors, we exclude them from our sample.
This leaves us with 94 stars. Figure 2(a) shows stars identified
in the F200W image.

3.2. Recessional Velocity

As seen in Figure 3, the spectrum of PEARLSDG is
relatively featureless and resembles a quiescent, low-mass
galaxy. While the spectrum is just above the sky background, at
least three spectral features can be identified in the stacked,
smoothed spectrum: Hy at ~4370 A, _H@B absorption at
~4900 A, and Mg absorption at 5210 A. To measure the
recessional velocity of PEARLSDG, we cross-correlate a
model spectrum (constructed with PYTHON FSPS using a single
stellar population of 10 Gyr and metallicity of —1.35) with the
observed stacked spectrum. We exclude wavelengths below
4250 A given the low S/N. The best- ﬁt redshift is z = 0.0078,
corresponding to 2340 £ 180 kms™ . The largest source of
uncertainty in this measurement comes from the use of a wide
slit to obtain high enough S/N, so we assign a recessional
velocity error based on moving the center of the object halfway
across the slit (taken at H{). This corresponds to a recessional
velocity error of 180 kms™'

3.3. Aperture Photometry

To fully understand the stellar population properties of
PEARLSDG, we conduct aperture photometry on the existing
UV-IR imaging and utilize archival imaging from GALEX,
SDSS, DECals, JWST, and Spitzer. First, we use Source
Extractor(Bertin & Arnouts 1996) to identify and mask nearby
galaxies. We expand the mask around all objects by 2 pixels to
ensure we mask as much flux from these nearby galaxies as
possible. Then, we convolve all images to the 4”9 resolution of
GALEX. The GALEX and Spizter PSFs were obtained
online,”® the SDSS and DECALS PSFs were modeled as
Gaussians with FWHM noted in the catalog data, and the
JWST PSFs were constructed from WEBBPSF v1.1.0. With
these convolved images, we conduct aperture photometry using
Python PHOTUTILS (Bradley et al. 2023). Based on trial and
error, we find that aperture photometry with an 8" aperture
minimizes the differences in measurements between different
surveys and ensures we include nearly all the light from the
galaxy in the convolved image. For JWST, we use a 10"-20"
annulus (using the object-masked image) to estimate the
background level; for SDSS and DECals, we utilize the
existing background subtraction. For GALEX we use the
published background maps for background subtraction, and
for Spitzer, we use the Source Extractor background maps. No
24 pym emission is detected. Galactic extinction is corrected for
using a Cardelli et al. (1989) extinction law assuming E(B-
V) =0.019 (Schlafly & Finkbeiner 2011). Note in Figure 1 that
PEARLSDG is located in a sizeable NIRCam area that is
fortuitously devoid of brighter objects, making aperture

20 hitp: / /www.galex.caltech.edu /researcher /techdoc-chS.html and https://
irsa.ipac.caltech.edu/data/SPITZER /docs /irac/calibrationfiles / psfprf/
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Figure 2. Left: F200W image of PEARLSDG with stars that pass our selection criteria circled in red (objects in the central 175 are thinner circles). While the imaging
only pushes ~1 mag below the TRGB, a number of RGB stars are indeed visible. Right: color-magnitude diagrams for F150W-F200W (top) and FOOOW-F150W
(bottom) point-source photometry, with F150W, and FOOOW luminosity functions (far right). Objects in the central 175 are shown as lighter points. The F150W—
F200W color—magnitude diagram has been rectified (see Section 4.1). Average uncertainties as a function of magnitude are shown on the left. Also plotted are model
10 Gyr old RGB tracks of different metallicities (dashed lines) at a distance of 30.2 Mpc. A number of stars with colors and magnitudes consistent with the brightest
RGB stars are visible with FISOW-F200W colors of 0.2—0.7. While our imaging is not deep enough to identify the RGB in FO90W as clearly as F150W,, bright RGB
stars identified in F150W, and F200W are clearly detected in FOOOW. This allows us to fit the FO9OW luminosity function to determine the RGB tip and distance
modulus. The model luminosity function (shown as the black line) matches the characteristic jump in the observed FO90W and rectified F150W luminosity functions.
Lastly, the Sobel Filter response is shown as the orange dotted line. The strongest peak matches the TRGB in FOOOW and F150W,,. These results illustrate the promise

of JWST to identify the TRGB in nearby galaxies.

photometry and sky subtraction possible in all these other
images, which have much wider PSFs than JWST.

4. Results
4.1. TRGB Distance

The RGB “tip,” which represents the first He flash of a large
number of old RGB stars, has been used extensively to measure
distances to nearby galaxies using optical measurements with
HST (e.g., Salaris & Cassisi 1997; Dalcanton et al. 2009, 2012;

Jang & Lee 2017a, 2017b; Freedman et al. 2019; McQuinn
et al. 2019; Danieli et al. 2020; Freedman et al. 2020; Jang et al.
2020). The rectified F150W luminosity function shown
Figure 2 shows a distinctive discontinuity associated with this
TRGB. Notably, this RGB tip is about 2 mag brighter in the
near-IR compared with /-band (McQuinn et al. 2019), allowing
it to be more easily identified in JWST imaging. However,
while the structure of the RGB and the absolute magnitude of
the RGB tip have been shown to be insensitive to the
parameters of the stellar population in the /-band, the same is
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Figure 3. Top: observed spectrum (black) along with error spectrum (thin
green line). Bottom: zoomed in on the Hy, H{, and Mg features (highlighted by
dashed lines in the top panel). The model spectrum at the measured recessional
velocity of ¢z=2340+ 180 kms™' is shown as the thin blue line. For
comparison, the red dotted line shows the model spectrum redshifted to the
nearest massive galaxy at ¢z = 3987 kms~'. PEARLSDG is 1650 km s~
separated from the nearest massive neighbor, so it is unlikely to be associated
with it.

not necessarily true in the near-IR. The TRGB can vary by
0.75 mag depending on the assumed metallicity.

Given that the TRGB is flat in FOO0W, we do not rectify the
FO9OW-F150W color—-magnitude diagram. On the other hand,
the TRGB is expected to (and does in our data) have a slope in
F150W-F200W. The number of stars in PEARLSDG is not
enough to independently rectify this TRGB, so we fit a line to
the TRGB of PARSEC isochrones (Bressan et al. 2012; Marigo
et al. 2013) with metallicities of —2.0, —1.5, —1.0, —0.5, and
0, all with a 10 Gyr age to get the rectified F150W magnitude
(which we refer to as F150W;). We find a slope of —2.66, and
we normalize to the TRGB color of the —1.0 metallicity track
of —0.392.

To measure the TRGB distance, we take a forward-modeling
approach following Danieli et al. (2020). Given the proven
calibration of the I-band TRGB and its insensitivity to
metallicity, we utilize the FO9OW luminosity function to fit
the TRGB and use the rectified luminosity function as a check
on this result. We generate an FOOOW luminosity function
using the PARSEC isochrones (with the metalicity set to
Z/Z.=0.032 and the age set to 10 Gyr) and a Kroupa (2001)
initial mass function (IMF). Then, we model the observed
luminosity function as a combination of this luminosity
function and contaminants:

dN (m)/dm = dNuaec M + p)/dm + ci(m — 27) + c2, (1)

where the first term represents the modeled stellar population
(primarily the RGB, but including AGB stars as well) shifted to
the assumed distance modulus (u), and the second and third
terms represent contamination (faint galaxies, pulsating AGB
stars, foreground brown dwarfs, etc.). We optimize the
likelihood of this model 100 times, varying the individual star
measurements by their photometric uncertainties, to estimate
the range of allowed parameters. We optimize the model over
u, c¢1, and c,, and find best-fit values of p=32.4040.09,
¢ =0.59 £0.16, and ¢, =1.36 +0.2.
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This implies a distance of 30.2 Mpc, consistent with its
Hubble distance of 32+ 2.5Mpc. Although the statistical
uncertainty of this measurement represents a 1.1 Mpc uncer-
tainty, we adopt a 0.3 mag, or 4 Mpc, uncertainty to account for
other uncertainties (e.g., in the TRGB calibration). This
measurement represents one of the most distant TRGB distance
measurements to date (Freedman et al. 2020) and highlights the
potential that JWST has to measure distances well beyond the
local Universe. As a check on this modeling approach, we
identify the TRGB by convolving the luminosity function with
a Sobel filter ([—2, 0, 2]) for edge detection (shown as the
orange lines in Figure 2). This finds an RGB tip at 28 mag in
FO90W, within 0.15 mag of the predicted TRGB at 30 Mpc in
FO90W from McQuinn et al. (2019). The tip of the rectified
F150W, RGB is at 26.6mag, also consistent with the
prediction from McQuinn et al. (2019).

4.2. Structural Parameters

To independently estimate the structural parameters of
PEARLSDG, we fit the light profile with GALFIT (Peng et al.
2002). We fit a single Sérsic component and one sky
component to the 12D file downloaded from MAST. We
include the derived parameters in Table 1. Notably,
PEARLSDG has a low Sérsic index like many low-surface-
brightness galaxies (e.g., Yagi et al. 2016).

4.3. SED Fitting

As apparent given the lack of emission lines in the optical
spectra, PEARLSDG does not have a high current star
formation rate. To fully understand its stellar population
properties we model its stellar population with PROSPECTOR
(Johnson et al. 2021), using the MILES stellar libraries
(Sanchez-Blazquez et al. 2006; Falcon-Barroso et al. 2011),
MIST isochrones (Choi et al. 2016; Dotter 2016), Draine & Li
(2007) dust templates, and a Kroupa (2001) IMF. This model is
fit to the aperture photometry described in Section 3.3. We
adopt minimum uncertainties in the photometry of 1% to
account for systematic errors such as zero-point differences
(Rigby et al. 2023). The measured and best-fit spectral energy
distribution is shown in Figure 4. Despite the blue JWST colors
apparent in Figure 1, the optical spectrum is very red
(FUV —r>3.4), consistent with an old stellar population.

We model the star formation history as a five-component star
formation history with z, e// (?fr bins at [[O, 107 5] [107 S 108 5]
[1085 10* 5] and [1095 101 ]] In addition to modehng this
star formation history, we fit for the dust content (simply
modeled as a foreground screen with a power law with an index
of —0.7 given its low star formation rate and low metallicity
(Buzzo et al. 2022). The results of our spectral energy
distribution (SED) analysis are shown in Table 1. We find a
best-fit metallicity of —1.32 and minimal dust extinction (TV,
the dust opacity at 5500 has a best-fit value of 4.5 x 10™%),
consistent with its low mass and suggesting that it is not a tidal
dwarf (e.g., Duc et al. 2001). Assuming the 30 Mpc dlstance
derived in Section 4.1, we find a stellar mass of 1.7 x 10" M.
The 90% upper limit on the fraction of the stellar population
formed in the last 105° yris 0. 3%, and the best fit sSFR (SFR)
within that time is 2.4 x 10" yr™' (4 x 10*M_ yr "), with a
32 -68 ;Jercentlle range of 1 7x107"2-1.4 x 107" yr!
Bx107° =28 x 10 Y M, yr !
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Table 1

Information about PEARLSDG
Parameter Value
RA. 12"12™18.0°
decl. +27935™23.8°
Distance 30 + 4 Mpc
Tn 0.53 £ 0.70 kpc
b/a 0.85 £ 0.0007
Sérsic n 0.79 + 0.0012
fGalcx far ultraviolet (FUV) <4.18 /LJy
fGalcx near ultraviolet (NUV) <4.44 /I,Jy
Jspss u 21 £5.0 ply
Jspss ¢ 55.8 £ 0.8 1y
Sspss 95.6 + 0.9 uly
Sspss i 96 2.0 ply
JoECALS ¢ 552+ 0.8 iy
JoEcALs 912 £ 1.5 iy
JoECALs i 110 £ 1.9 py
JoECALS ¢ 123 + 3.0 ply
SiwsT Fosow 125 £ 1.2 ply
SiwsT F1sow 156 £ 1.6 ply
JIwsT F200w 140 £ 1.4 1Jy
Srwst F277W 72.6 £ 0.7 ply
JiwsT Fasew 48.9 £ 0.5 wly
SiwsT Fasaw 34.1 £0.3 ply
JSpitzer cHI 48.1 £ 0.4 ply
Jspitzer cH2 28.9 £ 0.7 ply
Spitzer cH3 15 +£2 ply
Sspitzer CHa <14 ply

17402 % 10" M,
1.6 4 x 1073

52+ x 1074
2943 x 1079
9.2 1% x 1077

Current total M

fi formed log fyge/yr € [0,7.5]
fry formed 10g foge/yr € [7.5,8.5]
fr formed 10g foge /yr € [8.5,9.7]
fry formed log fyge/yr € [9.7,10]

f;; formed log tge/yr € [10,10.11] 0.997 £ 0.1
log(Z/Zs) —1.35+0.1
Ty 1.4 3% x 1073

Note. The half-light radius (r;,), axis ratio (b/a) and Sérsic index (Sérsic n) are
derived from Galfit modeling of the F200W image. Individual fluxes are
calculated following the procedure of Section 3.3 with a minimum 1%
uncertainty. The fraction of stellar mass formed in various age bins ( f,:;),
metallicity (Z/ Z.), and dust opacity at 5500 A (ry) are derived from
Prospector SED fitting. The uncertainties are probably too small given possible
systematic uncertainties, but it is clear that this galaxy is predominantly
composed of an old, metal-poor stellar population.

Statistical uncertainties in the inferred SED parameters are
quite low given the precise photometry across a wide
wavelength range. Modeling uncertainties, such as the
assumed IMF, stellar libraries, and detector zero-points are
likely the limiting uncertainties. How these translate to
uncertainties in the inferred model parameters (the star
formation history parameters in particular) is difficult to say.
Attempting to fit the SED with other model assumptions
results in similar results. For example, fitting with a delayed-7
star formation history finds a very low 7 value and old age
(1 ~0.01; tyee ~ 10 Gyr). This appears to be because the red
near-IR colors (FO90W through F200W) are only reproduced
by a very old stellar population although fitting the SED
without including the F200W or FI50W photometry still
results in a low sSFR. Regardless, to be conservative, we
adopt a minimum 10% systematic uncertainty in the inferred
SED parameters, following Conroy et al. (2009).
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Figure 4. Broadband SED of PEARLSDG, including all available UV, optical,
and near-IR data, shown alongside the best-fit SED from PROSPECTOR. The
overlap of DECAM and SDSS, as well as JWST and Spitzer bands, support the
accuracy of our photometry. The SED is fit well with a predominantly old,
metal-poor stellar population, with a very small contribution from younger
stars.

The main uncertainty associated with the sSSFR measurement
is the amount of UV dust extinction. In our fiducial fitting, the
low dust extinction is largely driven by the low Spitzer 5 and 8
micron fluxes although fitting with a polycyclic aromatic
hydrocarbons fraction of 10~ * still arrives at a best fit with very
little dust extinction. Allowing preferential dust extinction
around young (10 Myr old) stars similarly finds a low sSFR of
12x10 Myr!

Direct star formation rate estimates are not as constraining.
The 30 GALEX FUV luminosity is 4.8 x 10** ergs ' Hz .
Following the calibration of McQuinn et al. (2015), this results
in an upper limit on the SFR of 9.8 x 10~* M, yr~'. Adopting
40% calibration uncertainty would put the limit at 1.4 x
103 M, yr

Regardless of the method used to estimate the SFR, we find
that PEARLSDG has a remarkably low SFR. While constraints
on the SFR—M,, relation are sparse in this mass range, Local
Volume dwarfs from Lee et al. (2011) have sSFRs of
7 x 1071 yrfl, above all but our most conservative sSFR
limit and ~0.5 dex above our best estimate. Our best SFR
estimate is 1.4 dex below the SFR—M, relation of (Salim et al.
2007) when extrapolated to the stellar mass of PEARLSDG.
Lastly, we compare PEARLSDG to objects in the NASA Sloan
Atlas®" (NSA; Blanton et al. 2011). Of objects with a stellar
mass within 0.3 dex within PEARLSDG, only 24% have a
lower sSFR and 21% have a redder FUV — r color.

4.4. Environment

To probe the environment of this galaxy, we draw from the
NSA (Blanton et al. 2011). This catalog is optimized to analyze
nearby galaxies in SDSS, such as PEARLSDG and its
neighbors. We supplement this data with distance estimates
from the CosmoFlows-4 catalog (Tully et al. 2023), containing
direct distance estimates for a large number of local galaxies.
Figure 5 shows PEARLSDG in the context of its surroundings,
both in projected distance versus luminosity distance space

21 http: //www.nsatlas.org/
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Figure 5. The large-scale environment of PEARLSDG. Both plots show the
location of nearby galaxies with respect to PEARLSDG (shown as the cyan
star), with point sizes proportional to the stellar mass of the system. Top: the
co-moving distance to PEARLSDG from its TRGB, as a subset of objects in
the NSA with either direct distance estimates from Cosmicflows-4 (green
points) or our fundamental plane analysis (blue points). Objects in the
Cosmicflows-4 catalog without a counterpart in the NSA are shown as light
green diamonds defaulting to a stellar mass of 10° M. Bottom: the recessional
velocity of PEARLSDG and nearby systems in the NSA. PEARLSDG appears
to be beyond the sphere of influence of any massive galaxy.

(using the fundamental plane, Cappellari et al. 2013, for
galaxies besides PEARLSDG and those with direct distance
estimates from Cosmicflows-4) and projected distance versus
recessional velocity space (bottom). While PEARLSDG is the
same general R.A., decl. coordinates of Virgo, Coma, and the
Great Wall, it is actually in a very isolated region of space.
The closest massive galaxy (SDSS J121156.80+273835.5,
or J1227) is 1650 km s ! separated from PEARLSDG, and
there are no massive (>10'" M) galaxies within 1000 km s '
and 1 Mpc, making it one of the most isolated quiescent dwarf
galaxies observed. This is further demonstrated in the top panel
of Figure 5; the CosmicFlows-4 distance to J1227 is
435+ 7Mpc, 190 away from PEARLSDG. This is in
agreement with the flow-model distance from Cosmicflows-
472 (Kourkchi et al. 2020), and would require a 41797 km s !

22 https: //edd.ifa.hawaii.edu/CF4calculator/
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peculiar velocity to be nearby in a region of space where the
typical peculiar velocity is —195kms™', further suggesting
that PEARLSDG and J1227 are indeed not physically
associated.

Regardless, we cannot completely rule out past interactions
with other galaxies that may have affected its formation history.
For example, it is possible it had a high-speed interaction with
J1227 recently, and was quenched by that flyby interaction
(Benavides et al. 2021). Alternatively, perhaps it interacted
with nearby low-mass galaxies or a cosmic sheet and was
quenched through that interaction (Garling et al. 2020; Pasha
et al. 2023). However, the recessional velocity and luminosity
distance of PEARLSDG are consistent with it being in the
Hubble Flow, and there are no visible signatures of tidal
interactions (see Figure 1).

5. Discussion

In this paper, we have reported the serendipitous discovery
of PEARLSDG: a dwarf galaxy in PEARLS imaging of the
CLG1212 field. This deep JWST imaging allows us to resolve
individual RGB stars in this object and characterize its distance
as 30 +4 Mpc. This represents one of the farthest objects for
which a TRGB distance has been determined and highlights the
potential for JWST to measure distances to galaxies in the
nearby Universe.

By combining PEARLS imaging with existing UV-IR
imaging, we are able to constrain the stellar population
properties of PEARLSDG. Consistent with its low level of
UV emission and the lack of emission lines in its spectrum, we
find a very low sSFR, suggesting that its star formation shut off
over 1 Gyr ago. Deeper follow-up spectroscopy is necessary to
understand its formation history and abundance patterns in
detail.

Most models for quenching dwarf galaxies have focused on
environmental effects (Bahé & McCarthy 2015; Alberts &
Noble 2022) such as ram pressure stripping (e.g., Gunn &
Gott 1972; Bekki 2009; Fillingham et al. 2016; Boselli et al.
2022), strangulation (Larson et al. 1980; Kawata & Mul-
chaey 2008), or tidal stripping (Moore et al. 1996). However,
recent observations of large numbers of ultra-diffuse galaxies
have prompted the development of internal quenching
mechanisms, such as strong feedback (Mori et al. 2002). More
unusual environmental effects such as flyby quenching, in
which a quenched galaxy is ejected from the host after a high-
speed interaction, have also been proposed (Benavides et al.
2021). More detailed analysis of the star formation history of
PEARLSDG and the dynamics of PEARLSDG with respect to
its surroundings are needed to further understand its formation
history, but this discovery suggests the possibility that many
isolated quiescent galaxies are waiting to be identified and that
JWST has the tools to do so.
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