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Abstract

The discovery and localization of FRB 20240209A by the Canadian Hydrogen Intensity Mapping Fast Radio Burst
(CHIME/FRB) experiment marks the first repeating FRB localized with the CHIME/FRB Outriggers and adds to
the small sample of repeating FRBs with associated host galaxies. Here we present Keck and Gemini observations
of the host that reveal a redshift z = 0.1384 + 0.0004. We perform stellar population modeling to jointly fit the
optical through mid-IR data of the host and infer a median stellar mass log(My /M) = 11.35 & 0.01 and a mass-
weighted stellar population age ~11 Gyr, correspondm% to the most massive and oldest FRB host discovered to
date. Coupled with a star formation rate <0.31 M yr ', the specific star formation rate <107 "2 yr7! classifies
the host as quiescent. Through surface brightness profile modelmg, we determine an elliptical galaxy morphology,
marking the host as the first confirmed elliptical FRB host. The discovery of a quiescent early-type host galaxy
within a transient class predominantly characterized by late-type star-forming hosts is reminiscent of short-duration
gamma-ray bursts, Type Ia supernovae, and ultraluminous X-ray sources. Based on these shared host
demographics, coupled with a large offset as demonstrated in our companion Letter, we conclude that preferred
sources for FRB 20240209A include magnetars formed through merging binary neutron stars/white dwarfs or the
accretion-induced collapse of a white dwarf, or a luminous X-ray binary. Together with FRB 20200120E localized
to a globular cluster in M81, our findings provide strong evidence that some fraction of FRBs may arise from a
process distinct from the core collapse of massive stars.

Unified Astronomy Thesaurus concepts: Radio transient sources (2008); Transient sources (1851); Elliptical
galaxies (456)
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R. Lunnan et al. 2014; A. E. Nugent et al. 2022; A. C. Gordon
et al. 2023). The association of long gamma-ray bursts (GRBs)
with low-metallicity star-forming galaxies solidified their
connection to massive stellar progenitors (J. S. Bloom et al.
2002) that trace the brightest regions of their host galaxies
(A. S. Fruchter et al. 2006). At the same time, a small fraction
of short GRBs and Type Ia supernovae (SNe) localized to
early-type galaxies with no appreciable star formation imme-
diately implicated older stellar populations for some subset of
events, and hence a wide distribution of delay times for their
progenitors (J. X. Prochaska et al. 2006; T. Totani et al. 2008;
W. Fong et al. 2013).

In contrast, early studies of fast radio burst (FRB) host
demographics have demonstrated that the vast majority of
events reside in galaxies that are actively star-forming
(K. E. Heintz et al. 2020; S. Bhandari et al. 2022; T. Eftekhari
et al. 2023; A. C. Gordon et al. 2023; M. Bhardwaj et al. 2024;
C. J. Law et al. 2024; K. Sharma et al. 2024) and are often
associated on small spatial scales with regions of ongoing star
formation (J. S. Chittidi et al. 2021; A. G. Mannings et al.
2021; Y. Dong et al. 2024), pointing to a population of young
stellar progenitors. FRBs are bright, millisecond-duration flares
of coherent radio emission originating primarily from extra-
galactic distances and whose progenitors otherwise remain
unknown (D. R. Lorimer et al. 2007; D. Thornton et al. 2013).
While the known sample of events exceeds 700 FRBs
published to date (e.g., CHIME/FRB Collaboration et al.
2020; J. P. Macquart et al. 2020; C. J. Law et al. 2024;
R. M. Shannon et al. 2024), the vast majority are poorly
localized (~ arcminutes), precluding robust associations to their
host galaxies (T. Eftekhari & E. Berger 2017) except for the
most nearby events (M. Bhardwaj et al. 2021b; D. Michilli
et al. 2023; A. L. Ibik et al. 2024). This dearth of FRB host
galaxies, coupled with an ostensible dichotomy between
<10% of the observed population that exhibit repeat bursts
(so-called “repeaters”) and apparent one-off events (R. M. Sha-
nnon et al. 2018; CHIME /FRB Collaboration et al. 2021), have
posed a major barrier toward uncovering their elusive origins
and possible progenitor systems.

It is currently widely held that the majority of FRBs are
produced by magnetars formed through core-collapse super-
novae (CCSNe), in large part due to their preferential
occurrence in star-forming environments (C. D. Bochenek
et al. 2021; A. C. Gordon et al. 2023; M. Bhardwaj et al. 2024;
K. Sharma et al. 2024) paired with the discovery of FRB-like
events from a known Galactic magnetar (C. D. Bochenek et al.
2020; CHIME/FRB Collaboration et al. 2020). The observa-
tional characteristics of FRBs themselves, including their high
brightness temperatures, polarization properties, energetics,
burst rates, and durations lend further support for a compact
object origin (D. Michilli et al. 2018; S. Dai et al. 2021;
Z. Pleunis et al. 2021; K. Nimmo et al. 2022, 2024;
M. B. Sherman et al. 2023; A. Bera et al. 2024; R. Mckinven
et al. 2024). On the other hand, a small fraction of events have
been localized to quiescent galaxies with typical ages of ~8
Gyr (K. W. Bannister et al. 2019; A. C. Gordon et al. 2023;
K. Sharma et al. 2023; C. J. Law et al. 2024), indicating that
delayed channels are viable for some subset of FRBs (B. Mar-
galit et al. 2019; D. Pelliciari et al. 2023). Notably, no repeating
FRB has been unambiguously associated with a quiescent
galaxy thus far.

Eftekhari et al.

In particular, the association of <5% of localized FRBs to
massive quiescent galaxies has prompted progenitor theories
invoking longer-lived magnetars formed through binary
neutron star (BNS) mergers or the accretion-induced collapse
(AIC) of a white dwarf (WD; B. Margalit et al. 2019). BNS
mergers, a small fraction of which may leave behind a stable
magnetar remnant (e.g., D. J. Price & S. Rosswog 2006;
B. Margalit & B. D. Metzger 2019), should occur in both star-
forming and quiescent galaxies, owing to a broad range in
delay times between binary formation and eventual merger
(K. Belczynski et al. 2006; Z. Zheng & E. Ramirez-Ruiz 2007).
This conclusion is further supported by the observed demo-
graphics of short GRB host galaxies (E. Berger et al. 2005;
W. Fong et al. 2013; A. E. Nugent et al. 2022; M. Jeong &
M. Im 2024), although no definitive evidence for the creation
of stable magnetars in this way has been seen (G. Schroeder
et al. 2020). Alternatively, a stable magnetar remnant may form
following the collapse of a WD due to accretion from a
companion (J. Brooks et al. 2017) or the merger of two WDs
(J. Schwab et al. 2016). Provided that the system is formed in
the field, the large average delay time between star formation
and AIC/WD mergers would be similarly mirrored in the host
demographics. This scenario is in contrast to CCSNe, which
predominantly occur in star-forming galaxies due to their
massive stellar progenitors.

Perhaps most strikingly, the milliarcsecond localization of
the repeating FRB 20200120E (M. Bhardwaj et al. 2021a) to an
old ( ~9.1 Gyr) globular cluster (GC; F. Kirsten et al. 2022)
provides conclusive evidence that at least some FRBs formed
through delayed channels. Recent work has shown that the
centers of GCs that have undergone core collapse are
predominantly composed of white dwarfs and neutron stars
especially late in their histories (C. S. Ye et al. 2019; K. Kremer
et al. 2020), and hence are ideal sites for the dynamical
formation of BNS /binary WD mergers or WD AIC (K. Kremer
et al. 2021). Indeed, GCs have been observed to host a wide
range of high-energy-emitting sources, ranging from milli-
second pulsars (S. M. Ransom 2008) to low-mass X-ray
binaries (G. W. Clark 1975) and including ultraluminous X-ray
sources (ULXs; T. J. Maccarone et al. 2007; K. C. Dage et al.
2021) that have been suggested as potential FRB sources
(N. Sridhar et al. 2021). On the other hand, it is difficult to
explain the large rate of FRBs in GCs (A. Rao et al. 2024). In
the case of FRB 20200120E, it is furthermore worth noting that
deep X-ray limits preclude a ULX origin (A. B. Pearlman et al.
2024). Interestingly, roughly one-third of known ULXs are
located in early-type elliptical galaxies (L. Angelini et al. 2001;
D.J. Walton et al. 2011; R. M. Plotkin et al. 2014; E. Thygesen
et al. 2023) with low X-ray luminosities that are markedly
different from their spiral galaxy counterparts (J. A. Irwin et al.
2004; Z. Zhang et al. 2012).

Uncovering a population of FRBs in galaxies without active
star formation may therefore implicate one or more of the
aforementioned source classes for some fraction of FRB
successors. Moreover, with repeating FRBs comprising <20%
of localized sources, it remains unclear whether their environ-
ments are statistically distinct from those of nonrepeating FRBs
(e.g., K. E. Heintz et al. 2020; S. Bhandari et al. 2022;
A. C. Gordon et al. 2023; M. Bhardwaj et al. 2024; A. Pandhi
et al. 2024), and thus whether repeating FRB sources trace
unique stellar populations, intensifying the need for larger
samples of precisely localized repeating FRBs. The Canadian
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Hydrogen Intensity Mapping Experiment (CHIME)/FRB
project, which observes the full Northern sky (6 > —11°)
daily (CHIME/FRB Collaboration et al. 2018), aims to meet
this demand with the addition of the CHIME/FRB Outriggers
to the array (A. E. Lanman et al. 2024). The first of three
outriggers is already operational, enabling very long baseline
interferometric localizations of order ~1’ x 2", sufficient for
robust host galaxy identifications at low redshift (CHIME /FRB
Collaboration 2024).

Here we present the properties of the host galaxy of the
repeating FRB 20240209A, discovered and localized by CHIME/
FRB (V. Shah & CHIME/FRB Collaboration 2024).
FRB 20240209A was first detected on 2024 February 9. A total
of 22 repeat bursts were subsequently discovered, 6 of which were
simultaneously recorded at the CHIME/FRB KKO Outrigger
station, enabling an interferometric localization to <2” and a
robust host galaxy association (Shah et al. 2024). Shah et al.
(2024) present the discovery and localization of FRB 20240209A,
the properties of the bursts, and a detailed analysis of the host
galaxy offset with implications for the FRB source. In this work,
we present the spectroscopic redshift and multiwavelength
photometry, examine the overall properties of the host, and
contextualize these results within the framework of other transient
populations. We note that Shah et al. (2024) discuss the possibility
of an undetected satellite dwarf galaxy within the localization
region and conclude that such a scenario would be extreme given
existing limits on the luminosity of an undetected host of
L< 10"L., (a factor of 10x less luminous than any other FRB
host), and the dispersion measure (DM) budget, which implies
that the host and local environment contribute minimally to the
DM, in marked contrast to the sample of FRBs in dwarf galaxies,
which exhibit substantial host DM contributions (S. Chatterjee
et al. 2017; C. H. Niu et al. 2022; S. Bhandari et al. 2023). We
therefore proceed here under the explicit and well-motivated (99%
association probability; Shah et al. 2024) assumption that the FRB
is associated with the bright galaxy located near the localization
region.

The structure of the Letter is as follows. In Section 2, we
discuss our optical follow-up observations as well as the
archival data used in our analysis. In Section 3, we model the
host galaxy to derive its stellar population properties. We
perform a morphological analysis of the host in Section 4, and
we summarize our results in Section 5. Unless otherwise stated,
all photometry is reported in the AB magnitude system and
corrected for Galactic extinction (E. F. Schlafly & D. P. Finkb-
einer 2011). Throughout the Letter, we use the Planck
cosmological parameters for a flat ACDM universe, with
Hy = 67.66 km s~ ' Mpc™ ', Q,, = 0.310, and Q, = 0.690
(Planck Collaboration et al. 2020).

2. Observations
2.1. Photometric Observations

Shah et al. (2024) present deep r-band imaging of the host
galaxy and field of FRB 20240209A.%" To further characterize
the host, we obtained imaging observations of the field of
FRB 20240209A with the 10 m Keck I Telescope (PI:
A. Miller) in both the G and R bands on 2024 June 29. The
images were processed using the Python pipeline POTPyRI.*®

%7 For host galaxy spectral modeling, we use the Keck R-band photometry,
taking advantage of the available measurements across multiple Keck filters.

8 https://github.com/CIERA-Transients/POTPyRI
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Table 1
FRB 20240209A Host Galaxy Photometry
Facility Instrument Filter Magnitude
(AB)
GALEX far-UV >20.08
GALEX near-UV >19.73
LCO Sinistro u >20.31
Keck LRIS G 17.74 + 0.08
Keck LRIS R 16.84 + 0.02
Gemini* GMOS r 16.79 £+ 0.02
Pan-STARRS GPC1 i 16.42 + 0.04
Pan-STARRS GPC1 z 16.05 + 0.07
Pan-STARRS GPC1 y 1593 + 0.17
2MASS J 1572 + 0.13
2MASS H 1557 + 0.16
2MASS K 1533 + 0.14
WISE W1 16.38 + 0.01
WISE W2 1690 + 0.02
WISE W3 16.65 + 0.18
WISE W4 >16.21

Notes. All photometry is corrected for Galactic extinction (E. F. Schlafly &
D. P. Finkbeiner 2011). Photometric points from 2MASS and WISE are given
under catalog designations 2MASX J19192430+8603395 and WISEA
J191924.094-860339.3, respectively. Limits correspond to 3o.

 Originally presented in Shah et al. (2024).

We performed aperture photometry with a custom script®® that
utilizes the aperture photometry module within the
photutils python package (L. Bradley et al. 2024) using a
147 radius aperture ( ~5 X r.g; see Section 4) centered on the
host galaxy. To estimate the background, we created a 5”radius
region near the host galaxy and free from any obvious sources.
We calibrated all photometry using point sources in common
with the Pan-STARRS1 (PS1) catalog, and list the final
Galactic extinction-corrected magnitudes for the host galaxy in
Table 1.

To further assess the level of star formation in the host
galaxy, we also observed the field of FRB 20240209A in the u
band with the Sinistro imagers on the Las Cumbres
Observatory (LCO) 1m telescope network (T. M. Brown
et al. 2013) on 2024 August 21 (PI: C. Kilpatrick). We utilized
the processed image from the LCO BANZAI pipeline
(C. McCully et al. 2018), which performs pixel-level correc-
tions and astrometric calibration. We performed flux calibration
and photometry of the host galaxy using the same methods as
described above. We did not detect the putative host in our u-
band imaging down to a 30 magnitude limit of >20.31 mag
(extinction-corrected), which we derive using the standard
deviation in a source-free annulus centered on the host
coordinates. The u-band nondetection is consistent with the
lack of Ha emission in the observed spectrum (see
Section 2.2).

2.2. Spectroscopic Observations

We obtained long-slit optical spectroscopy”’ of the host

galaxy of FRB 20240209A with the Low Resolution Imaging

2 hitps: //github.com/charliekilpatrick /photometry

0 All spectroscopic data were collected by the Fast and Fortunate for FRB
Follow-up (F4) collaboration (https://www.frb-f4.org/) using the FFFF-PZ
observation management tool, built and modeled after YSE-PZ (D. A. Coulter
et al. 2022, 2023).
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https://github.com/charliekilpatrick/photometry
https://www.frb-f4.org/
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Figure 1. Gemini/GMOS and Keck /LRIS spectra of the host galaxy of FRB 20240209A, where we arbitrarily scale the Gemini/GMOS spectrum on the y-axis for
easier visualization. The locations of several observed spectral features that enabled a redshift determination are denoted. Telluric features are marked with @.

Spectrometer (LRIS) mounted on the Keck I telescope at
Maunakea, Hawaii on 2024 June 29 ( PI: A. Miller; Y. Dong &
CHIME/FRB Collaboration 2024). We took 2 x 180 s
exposures with a 1” slit width using the B400/3400 grism and
the R400/8500 grating. We used the Python Spectroscopic
Data Reduction Pipeline (PypeIt, v1.16; J. Prochaska et al.
2020) to reduce and coadd the spectra using standard reduction
techniques. We applied absolute flux calibration using spectro-
photometric standard spectra and a telluric correction utilizing
the standard atmospheric model grids available in PypeIt.

To determine the host galaxy redshift and uncertainty, we
cross-correlated the spectrum with a 5 Gyr galaxy template for
the spectral continuum, described by G. Bruzual & S. Charlot
(2003). We identify prominent spectral features (Figure 1),
including Call H&K, Mg, NaD, TiO, and a strong 4000 A
spectral break, corresponding to a redshift z = 0.1384 + 0.0004
(first reported by Y. Dong & CHIME/FRB Collabora-
tion 2024). We note that this is consistent with the upper limit
on the redshift of z,,x = 0.19 as inferred from the FRB's DM
(Shah et al. 2024).

To obtain a high signal-to-noise ratio (SNR) spectrum for
modeling the spectral energy distribution (SED), we also
observed the host of FRB 20240209A with the Gemini North
Multi-Object Spectrograph (GMOS) in two separate epochs on
2024 July 14 and 2024 August 7/8 as part of an ongoing
Gemini Large and Long Program (PI: T. Eftekhari) to conduct
host galaxy follow-up of CHIME/FRB Outrigger-localized
events. Our first epoch consisted of four 600 s observations
with a 1” slit width using the B480 grating and the GG455
blocking filter at central wavelengths of 640 and 650 nm. Our
second epoch (eight 900 s exposures) was taken with the same
grating and no blocking filter at central wavelengths of 540 and
550 nm. The data were reduced following the same procedure
described above for the Keck /LRIS spectroscopy. To obtain a
final, flux-calibrated spectrum, we coadded the one-dimen-
sional spectra from each individual epoch (see Figure 1).

2.3. Archival Data

To construct a broadband SED for the host galaxy of
FRB 20240209A and facilitate the spectral modeling in
Section 3, we supplement the photometric and spectroscopic
observations obtained in this work with archival data from a
number of surveys. In particular, we include izy photometry
from the PS1 37 survey (K. C. Chambers et al. 2016), JHK
photometry from the Two Micron All Sky Survey (ZMASS;
M. F. Skrutskie et al. 2006) for cataloged source 2ZMASX
J19192430+4-8603395, and W1, W2, W3, and W4 photo-
metry>' from the Wide-field Infrared Survey Explorer (WISE)
all-sky source catalog (E. L. Wright et al. 2010) for the source
designated WISEA J191924.094-860339.3. Given the large
angular extent of the host galaxy, we utilize the 2MASS
Extended Source Catalog (T. H. Jarrett et al. 2000) for the
2MASS data. For PS1, we perform manual aperture photo-
metry on each of the izy images following the procedure
described in Section 2.1. Finally, we correct all photometry for
Galactic extinction (E. F. Schlafly & D. P. Finkbeiner 2011)
using the J. A. Cardelli et al. (1989) extinction law. The final
extinction-corrected photometry for each telescope and filter is
listed in Table 1.

3. Host Galaxy Spectral Modeling
3.1. The Old and Quiescent Host of FRB 20240209A

We derive the host stellar population properties using the
stellar population Bayesian inference code Prospector
(B. Johnson & J. Leja 2017; B. D. Johnson et al. 2021; see
Appendix A). We show the observed broadband SED
compared to the best-fit Prospector model in Figure 2
and list the inferred best-fit parameters in Table 2. We find a
low current star formation rate (SFR; averaged over the last
100 Myr) of SFRq_100 myr < 0.31M, yr*l and a current stellar

31 We utilize the w?mag_2 values from the ALLWISE catalog for an 825
radius aperture given the extended nature of the source.
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Figure 2. Observed SED of the host galaxy of FRB 20240209A including Gemini/GMOS spectroscopy (blue curve) and broadband photometry (blue circles) with
the best-fit spectrum (gray curve) and photometry (black squares) from Prospector. The agreement between the observed and modeled spectrum is demonstrated in
the zoomed-in inset panels. The bottom panel depicts the transmission filters for each of the photometric points (see also Table 1). Limits correspond to 3o.

mass log(M,/M.) = 11.35% corresponding to the most
massive FRB host discovered to date. We also infer a mass-
weighted stellar population age f,, ~ 11.34 Gyr, significantly
older than the existing sample of FRB hosts, which has
(tn) = 5 Gyr (A. C. Gordon et al. 2023; M. Bhardwaj et al.
2024; A. L. Ibik et al. 2024; C. J. Law et al. 2024; K. Sharma
et al. 2024).

To establish the quiescent nature of the host of
FRB 20240209A, we plot in Figure 3 the specific star formation
rate (SSFR) as a function of the mass-weighted age for
FRB 20240209A. We determine FRB 20240209A's location in
this phase space following the prescription of A. C. Gordon et al.
(2023) and draw N = 1000 posterior samples of SFRo_100 myr
M,, and t,,, ensuring that each of the samples is pulled from the
same model posteriors. We next calculate the mass-doubling
number D(z) = sSFR X 1y(z), where #4(z) is the age of the
Universe at a redshift z (S. Tacchella et al. 2022). A galaxy is
classified as star-forming, transitioning, or quiescent if D(z) >
1/3,1/20 < D(z) < 1/3, or D(z) < 1/20, respectively. Cal-
culating D(z) for each of the 1000 model draws, we take the
mode to determine FRB 20240209A's galaxy classification and
find that 98% of D(z) values correspond to the quiescent region of
this phase space. The median log(sSFR) from our posterior
samples is —11.9 yr ', which we adopt as an upper limit given
the lack of evidence for star formation in the host spectrum. This
marks the host of FRB 20240209A as the first repeating FRB in a
quiescent host galaxy.

32 To obtain the current stellar mass, we multiply the total mass formed by the
fraction of surviving stellar mass following standard procedures in
Prospector.

Table 2

Derived Host Galaxy Properties of FRB 20240209A
Property Value Units
z 0.1384 £ 0.0004
R.A. (J2000) 289.85036 + 0.00003 deg
Decl. (J2000) 86.06090 £+ 0.00003 deg
Galactic Longitude 118.55920 deg
Galactic Latitude +26.58118 deg
fm 11.3419% Gyr
log(M,./M.,) 11.35 £ 0.01
log(Zy/Z:) 0.19 £ 0.01
108(Zgas/Z) —0.22 £ 0.06
Ay 0.0177939% AB mag
SFRo- 100 myr < 0.31 M, yr!
log(sSFRy_ _ 100 myr) <—119 yr!
Feff 7.78 + 0.03 kpC
n 4.0=£02

Finally, in Figure 4, we plot the stellar mass formed as a
function of the lookback time for the host of FRB 20240209A
as derived from Prospector. We find that the bulk of the mass
was formed in the first ~Gyr (by fiookback ~ 10 Gyr), indicative
of star formation quenching early in the galaxy's lifetime.
Indeed, most massive elliptical galaxies undergo a suppression
of star formation at early times due to active galactic nucleus
(AGN) feedback (V. Springel et al. 2005). The surface
brightness distribution that we will derive in Section 4 for the
host, which indicates a core-Sérsic profile as expected for
quenched systems (J. Kormendy et al. 2009), and the detection
of radio emission coincident with the host galaxy center
(C. J. Law et al. 2024) possibly indicative of an AGN origin,



THE ASTROPHYSICAL JOURNAL LETTERS, 979:1.22 (13pp), 2025 February 1

7 m Non-repeating FRBs

= 1 % Repeating FRBs

L -8 . - Type Ia SNe

> - Type I CCSNe

— —ON\ Em. Type II CCSNe

; ? ShhorF.GRBs

5 .

—~

! B g st Star-forming |

o B Far

b =117 Trangironiiy . W Wy - . ]
w Quiescent . C

= ®

g - 1 2 i ! ®

FRB 20240209A
L ]

13025 50 75 100 125
tm [Gyr]

Figure 3. sSFR as a function of the mass-weighted age for the host of
FRB 20240209A and for a sample of FRB hosts at z < 0.3 from the literature.
We denote FRBs with sSFRs and mass-weighted ages derived in a similar
manner as for FRB 20240209A from A. C. Gordon et al. (2023) and K. Sharma
et al. (2024) as closed symbols. Also shown are the values for the hosts of Type
I and Type II CCSNe (S. Schulze et al. 2021), Type Ia SNe (J. D. Neill
et al. 2009), and short GRBs (P. K. Blanchard et al. 2017; A. E. Nugent
et al. 2022). Open symbols for FRBs and values for SNe are not necessarily
derived using the same formalism. Ages for the Type Ia SNe sample are
weighted by the host galaxy luminosity and hence represent an underestimate
of the mass-weighted age. For comparison, we include the distribution of field
galaxies from the COSMOS sample at z < 0.3 in grayscale. Horizontal lines
mark the divisions between star-forming, transitioning, and quiescent galaxies
based on the mass-doubling number D(z) at a redshift z = 0.3.
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galaxy of FRB 20240209A as inferred from the star formation history, where
Hookback = O corresponds to the redshift of the host.

further support this picture. We note that we do not find
evidence for a significant hot dust emission component from an
AGN with a low inferred value of log(fagn) = —3.9, where
facn 1s the fraction of the total AGN luminosity relative to the
bolometric stellar luminosity. This is consistent with the lack of
evidence for a dusty AGN torus in the mid-IR (see Section 4.2)
and the absence of emission lines (Figure 1), pointing to a low-
excitation radio galaxy powered by a radiatively inefficient
AGN (T. M. Heckman & P. N. Best 2014). Indeed, such
galaxies have been shown to exhibit log(fagn) < —3 (S. Das
et al. 2024), are predominantly massive, red galaxies with
quiescent stellar populations (W. L. Williams et al. 2018), and
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Figure 5. SFRs and stellar masses for FRB host galaxies, including
FRB 20240209A, at z < 0.3 plotted against field galaxies from the COSMOS
sample. For comparison, we also include the host galaxies of Type I and Type
IT CCSNe (S. Schulze et al. 2021), Type Ia SNe (H. Lampeitl et al. 2010), short
GRBs (P. K. Blanchard et al. 2017; A. E. Nugent et al. 2022; M. Jeong &
M. Im 2024), and ULXs (K. Kovlakas et al. 2020). Type Ia hosts classified as
"passive" galaxies in H. Lampeitl et al. (2010) owing to a lack of recent star
formation activity are arbitrarily plotted at log(SFR/M\,‘.)yr’l) = —4.75. All
other values plotted represent solid SFR measurements.

do not show signs of AGN activity at other wavelengths
(P. N. Best et al. 2006; R. Kondapally et al. 2022).

3.2. A Comparison to Other FRBs and Transient Classes

From Figure 3, it is evident that the host of FRB 20240209A
lies in a unique region of the sSFR—age phase space relative to
other FRBs at z < 0.3 (M. Bhardwaj et al. 2021b; A. C. Gordon
et al. 2023; M. Bhardwaj et al. 2024; A. L. Ibik et al. 2024;
C. J. Law et al. 2024; K. Sharma et al. 2024). Several
nonrepeating FRBs are also quiescent based on this classifica-
tion scheme, including FRBs 20210807D, 20220509G, and
20221012A (A. C. Gordon et al. 2023; K. Sharma et al. 2023;
C. J. Law et al. 2024). While FRB 20220509G was initially
classified as an early-type elliptical galaxy based on publicly
available PS1 images (L. Connor et al. 2023; K. Sharma et al.
2023), deep optical imaging later revealed a disk morphology
(M. Bhardwaj et al. 2024). Similarly, for FRB 20210807D, we
note the clear presence of spiral arms and the proximity of the
FRB to the central region of the galaxy (R. M. Shannon et al.
2024). For the repeating FRB 20180916B, the milliarcsecond
localization (B. Marcote et al. 2020) is near a star-forming
region along clear spiral arms within its host (S. P. Tendulkar
2021). Thus, although the host is a transitioning galaxy, it
stands in stark contrast to FRB 20240209A's large offset from
its host galaxy center and lack of coincident substructure in
deep imaging (Shah et al. 2024). The remaining sample of
repeating FRB hosts at z < 0.3 is concentrated around the star-
forming locus in Figure 3.

In Figure 5, we plot the star formation rate and stellar mass
of the host of FRB 20240209A against the values for other
FRB hosts at z < 0.3 from the literature. For the host of
FRB 20200120E (MS81), we report the Ha SFR and galaxy
stellar mass from K. D. Gordon et al. (2004) and W. J. G. de
Blok et al. (2008), respectively, of log(SFR) = —0.47M_yr "
and log(M,) = 10.91M.. While the bulk of FRB hosts lies
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along the star-forming main sequence (SFMS; A. C. Gordon
et al. 2023), a small subset, including FRB 20240209A, are
offset below the SFMS and located in the region corresponding
to quiescent galaxies, consistent with its quiescent classification
above. A single repeating FRB (FRB 20200120E in the nearby
MB8I1 galaxy) is similar to FRB 20240209A in terms of its offset
away from the SFMS and location near the quiescent cloud
(M. Bhardwaj et al. 2021a). Indeed, while M81 continues to
form stars in its spiral arms at a modest rate, its central bulge is
dominated by a very old stellar population. Unlike M81, which
exhibits prominent spiral arms, however, the host of
FRB 20240209A does not show evidence of ongoing star
formation anywhere within the galaxy based on the optical
spectrum (Section 2).

To compare the host of FRB 20240209A to classes of known
transients, we include in Figure 3 the sSFRs and ages for the
host galaxies of CCSNe (S. Schulze et al. 2021), Type Ia SNe
(H. Lampeitl et al. 2010), and short GRBs (P. K. Blanchard
et al. 2017; A. E. Nugent et al. 2022). The CCSNe sample is
derived from the Palomar Transient Factory survey and
includes a total of 857 hosts spanning 12 supernova subclasses,
including both hydrogen-rich and hydrogen-poor events as well
as superluminous supernovae. We separate all Type I events
(SLSN-], Ic, Ie-BL, Ibc, Ib, Ibn) from Type I SNe (II, SLSN-
II, SLSN-IIb, IIb, IIn, SLSN-IIn) for comparison purposes. For
Type Ia SNe, we include 162 hosts at z < 0.21 from the SDSS-
II Supernova Survey (J. D. Neill et al. 2009).*® We also include
11 short GRB hosts at z < 0.3 from the Broadband Repository
for Investigating Gamma-ray Burst Host Traits (BRIGHT)™
catalog (A. E. Nugent et al. 2022) and supplement this sample
with the elliptical host galaxy of the binary neutron star merger
GW170817 (NGC 4993) with log(SFR/M.yr ') = —2 and
log(M4 /M) = 10.65 (P. K. Blanchard et al. 2017). Finally, as
a background sample, we include the distribution of field
galaxies at z < 0.3 from the COSMOS catalog (C. Laigle et al.
2016) modeled with Prospector (J. Leja et al. 2020) using a
prescription similar to the one described here. We refrain from
making quantitative statistical comparisons between transient
host populations due to host selection effects unique to each
population and the systematics associated with the separate
methods used to derive the stellar population properties, and
instead focus here on overall trends.

We find that the FRB 20240209A host is comparable to
those of Type Ia SNe and short GRBs in terms of its sSSFR and
stellar population age, although the hosts of both transient
classes also extend into the star-forming region. The host of
FRB 20240209A does not resemble the large majority of the
CCSNe host population. Indeed, 2% of CCSNe exhibit sSFRs

< 107" yr~ ! (S. Schulze et al. 2021), and only 0.9% at
z < 0.3 have both sSFRs and ages within ~0.5 dex of
FRB 20240209A, the vast majority of which are Type II
events. We note that this small fraction of CCSNe in quiescent
galaxies may implicate binary systems involving massive stars
that explode as CCSNe only after merging, and hence long
delay times relative to star formation (E. Zapartas et al. 2017).

33 Measurements for the Type Ia host ages are light-weighted (versus mass-
weighted), and thus skew younger due to the greater emphasis on stellar light
from young stars (C. Conroy 2013). The line-like features evident for the Type
Ia and CCSNe populations are likely artifacts due to the assumed exponential
star formation histories in the SED modeling.

M https: / /bright.ciera.northwestern.edu/
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In terms of its SFR and stellar mass, FRB 20240209A is
most similar to the hosts of short GRBs™ that exhibit a larger
quiescent fraction relative to CCSNe. Indeed, roughly 10% of
short GRB hosts are quiescent (A. E. Nugent et al. 2022),
broadly consistent with theoretical expectations (Q. Chu et al.
2022; F. Santoliquido et al. 2022). The host of
FRB 20240209A differs from the hosts of Type I CCSNe,
which exhibit a dearth of galaxies with masses > 10'°M_, and
lie above the SFMS. On the other hand, the hosts of Type II
CCSNe extend to larger stellar masses but generally trace the
SFMS. We find a small fraction of ULX hosts (compiled using
the Chandra Source Catalog 2.0; K. Kovlakas et al. 2020) with
SFRs and stellar masses comparable to the host of
FRB 20240209A. While the bulk of ULXs are typically found
in late-type galaxies (T. P. Roberts & R. S. Warwick 2000) and
are often associated with star-forming regions within their hosts
(Y. Gao et al. 2003), a nonnegligible fraction resides in early-
type galaxies (L. Angelini et al. 2001). We note that a subset of
Type Ia SNe also occurs in massive quiescent galaxies with
little to no ongoing star formation (H. Lampeitl et al. 2010;
M. Smith et al. 2012). These galaxies are represented in
Figure 5 with arbitrary values of log(SFR/Merfl) = —4.75
following H. Lampeitl et al. (2010).

4. Host Galaxy Morphological Analysis
4.1. Evidence for an Elliptical Host Galaxy

To characterize the morphology of FRB 20240209A's host
galaxy, we perform a Sérsic (J. L. Sérsic (1963)) profile fit
using the GALFIT software package (C. Y. Peng et al. 2002)
and the Gemini/GMOS r-band image from Shah et al. (2024)
for the analysis (see Appendix B). The Gemini/GMOS image,
Sérsic model, and residual image are shown in Figure 6. We
find that the host galaxy is well-characterized by a Sérsic index
n = 40 £+ 02 and an effective half-light radius
r. = 7.78 £ 0.03kpc. The n = 4 Sérsic index is consistent
with a de Vaucouleurs (G. de Vaucouleurs 1959) surface
brightness profile, characteristic of elliptical galaxies. We note
that the residual structure evident in Figure 6 is not uncommon
for bright elliptical galaxies, where the inner galaxy profile is
best described by an additional power-law component,
requiring a modification of the standard Sérsic profile
(A. W. Graham & R. Guzman 2003; 1. Trujillo et al. 2004).
The presence of such a component is generally attributed to a
deficit of stellar mass in the galaxy center, or depleted core,
driven by the merger of two supermassive black holes and their
ensuing three-body encounters D. Merritt (2001, 2006). This
scenario is furthermore consistent with the discovery of bright
radio emission coincident with the host galaxy center
(C. J. Law et al. 2024), as such core-Sérsic galaxies are more
likely to host radio-loud AGN (A. Capetti & B. Balmave-
rde 2005; A. J. Richings et al. 2011). While a subset of
lenticular galaxies are also observed to exhibit central stellar
mass deficits, their bulges have Sérsic indices n ~ 3, in contrast
to elliptical galaxies (B. T. Dullo & A. W. Graham 2013).
Finally, for comparison, we perform isophotal fitting using the
isophote.Ellipse function within the PHOTUTILS
package (L. Bradley et al. 2024). We do not include any
sinusoidal components in our model that can account for spiral
features. Our fit reveals a clean subtraction and no significant

3 Here we supplement the short GRB sample described earlier with four hosts
at z < 0.3 from M. Jeong & M. Im (2024).
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Figure 6. Results of our GALFIT modeling of the host of FRB 20240209A, where we subtract a single-component Sérsic profile (middle panel) from a Gemini/
GMOS r-band image (left panel; originally presented by Shah et al. 2024) to derive a residual image (right panel). The circular region with radius r, illustrates the best-
fit effective radius r, = 7.78 £ 0.03 kpc. Each image is oriented north up and east to the left. At the Galactic latitude of the source (4+-26.58118), dust extinction is not a

significant issue in our modeling.

residual structure, consistent with an elliptical morphology and
no detected spiral arms. Using the inferred half-light radius of
r. = 7.78 kpc, the corresponding SFR and stellar mass surface
densities are ESFR < 1.6 x 107 M® yr 'kpc? and
Yy = 10° M_kpc 2, respectively. Our limit on the SFR surface
density probes that of a Milky Way-like galaxy at a similar
radius (C. Bacchini et al. 2019), while the mass surface density
aligns with those of galaxies of a similar mass (C.-T. Ling et al.
2020). We furthermore find that 95% of the galaxy light is
contained within a 137 radius aperture and that the inferred
half-light radius from the isophotal fitting of r, = 2.5 is
comparable to, albeit smaller than, the value derived from our
GALFIT modeling as expected given the smaller residuals in
the isophote.

In Figure 7, we plot the effective radius and Sérsic index for
FRB 20240209A along with those for a sample of FRB hosts
from the literature (K. E. Heintz et al. 2020; A. G. Mannings
et al. 2021; S. Bhandari et al. 2022; Y. Dong et al. 2024;
M. N. Woodland et al. 2024). We additionally include for
comparison the distributions for the host galaxies of both short-
(W. Fong et al. 2010) and long-duration (C. Wainwright et al.
2007) GRBs as derived from HST observations. We find that
for FRB hosts where similar morphological analyses have been
applied, the vast majority of hosts exhibit Sérsic indices
n < 1.5, corresponding to exponential disk profiles.
FRB 20240209A is a clear outlier in this regard and is
comparable only to the host galaxy of the nonrepeating
FRB 20181112A that exhibits a Sérsic index of n ~ 4
(K. E. Heintz et al. 2020). Unlike the host of FRB 20240209A,
however, the host of this nonrepeating FRB shows clear
evidence for ongoing star formation (J. X. Prochaska et al.
2019), in stark contrast to the quiescent host of
FRB 20240209A. Compared to the hosts of long and short-
duration GRBs, FRB 20240209A most closely resembles a
subset of short GRBs with de Vaucouleurs profiles (n > 3),
while the hosts of long GRBs are concentrated around a median
value (n) ~ 1.2 and hence are classified as exponential disks.

In terms of its effective radius, the host of FRB 20240209A
is among the largest FRB hosts with r, = 7.78 £ 0.03kpc. The
hosts of repeating FRBs are on average much smaller, with the
exception of FRB 20180916B in a nearby spiral galaxy with
r. = 6 kpc (B. Marcote et al. 2020). Notably, the hosts of long
GRBs extend to much smaller sizes than most FRB hosts
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Figure 7. Effective radius as a function of the Sérsic index for a sample of FRB
hosts from the literature (K. E. Heintz et al. 2020; A. G. Mannings et al. 2021;
S. Bhandari et al. 2022; Y. Dong et al. 2024) compared to the values that we
derive for FRB 20240209A in Section 4. Also shown for comparison are the
values derived from HST observations of long GRBs (C. Wainwright
et al. 2007) and short GRBs (W. Fong et al. 2010), where we supplement the
short GRB sample with GW170817 (P. K. Blanchard et al. 2017).

(W. Fong et al. 2010), suggesting that FRBs are unlikely to
originate from the same types of hosts as long GRBs. We
therefore find that the host of FRB 20240209A most closely
resembles a subset of short GRB hosts in terms of its size and
morphology.

4.2. WISE Mid-IR Color Diagnostics

As an additional qualitative metric to assess the morphology
of FRB 20240209A's host, we examine its location on a WISE
mid-IR color—color diagram (E. L. Wright et al. 2010). The
W2 — W3 colors in particular delineate between spheroidal/
elliptical galaxies with little ongoing star formation
(W2 — W3 < 2) and spiral galaxies/star-forming disks where
an elevated abundance of polycyclic aromatic hydrocarbons
results in redder colors (T. H. Jarrett et al. 2017). In the vertical
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Figure 8. WISE mid-IR colors for the host of FRB 20240209A compared to
the hosts of repeating (yellow stars) and nonrepeating (teal squares) FRBs with
WISE detections. Shown for comparison are the kernel density estimation
distributions for the galaxy subsamples from the MIXR catalog (B. Mingo
et al. 2016). The horizontal dashed line at W1 — W2 = 0.8 mag denotes the
minimum threshold for AGN-dominated galaxies (D. Stern et al. 2012), while
vertical lines mark the division between spheroidal/early-type galaxies,
intermediate disks/spiral galaxies, and star-forming/late-type disks (T. H. Jarr-
ett et al. 2017).

direction, mid-IR colors W1 — W2 > (.8 indicate the presence
of an AGN-heated dusty torus (D. Stern et al. 2012).

In Figure 8, we plot the host of FRB 20240209A alongside
the sample of FRB hosts with detections in ALLWISE
(A. C. Gordon et al. 2023; M. Bhardwaj et al. 2024; A. L. Ibik
et al. 2024; C. J. Law et al. 2024; K. Sharma et al. 2024) on a
mid-IR color—color diagram. For comparison, we also include
the galaxy subsamples from the MIXR catalog (B. Mingo et al.
2016), comprising detected sources in the mid-IR (ALLWISE),
X-rays (3XMM DRS5), and radio (FIRST/NVSS). The MIXR
sample is broadly divided into four galaxy subclasses (AGN,
starburst, spirals, and ellipticals) based on WISE color
selections.

We find that the host of FRB 20240209A occupies a distinct
region of this phase space relative to the vast majority of FRB
hosts and corresponds to elliptical galaxies. This is consistent
with the surface brightness profile inferred from our GALFIT
modeling in Section 4. With the exception of FRB 20200120E
localized to the nearby M81 galaxy (M. Bhardwaj et al. 2021a),
the hosts of repeating FRBs lie firmly in the star-forming/spiral
galaxy region. Three nonrepeating events (FRBs 20221012A,
20221101B, 20221106A; R. M. Shannon et al. 2024;
K. Sharma et al. 2024), lie within the nominal demarcation
for elliptical galaxies, but we note that there is significant
overlap between galaxy populations in color—color space (e.g.,
D. Stern et al. 2012; K. N. Hainline et al. 2014) and that
detailed morphological modeling is required to confirm their
elliptical classification.

We thus find that the host of FRB 20240209A is an elliptical
galaxy based on robust morphological modeling, marking it as
the first of its kind among the population of FRB hosts. The
identification of an elliptical host within a transient class that is
otherwise dominated by star-forming/disk galaxies bears
similarity to transients whose progenitors exhibit a wide range
of delay times, leading to their occurrence in both late- and
early-type galaxies. This includes ULXs, a third of which are
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found in early-type galaxies (e.g., R. M. Plotkin et al. 2014),
and short GRBs, where it is estimated that 20%—40% occur in
elliptical galaxies (W. Fong et al. 2013).

Given the largely star-forming host population of FRBs, we
briefly consider whether the morphological classification
supports that the FRB source formed via a CCSN. Fewer than
1% of CCSNe reside in elliptical galaxies (I. Irani et al. 2022);
those that do have been interpreted as “late” ( <250 Myr)
explosions following the merger of two intermediate mass
(4—8M_) stars (E. Zapartas et al. 2017) or Ca-rich SNe
produced via interacting white dwarfs (H. B. Perets et al. 2010),
and hence a population distinct from ordinary CCSNe. With
nearly 100 FRB hosts discovered to date, the detection of
events in rarer environments such as elliptical galaxies with an
occurrence rate comparable to CCSNe becomes more tenable.
We note however that comparing the elliptical host fraction
between transient classes is not trivial as it requires an accurate
characterization of FRB host selection effects due to inhomo-
geneous host selection criteria across FRB experiments.
Moreover, the large projected offset for FRB 20240209A0f
~ 40 kpc (Shah et al. 2024) would require a hypervelocity
ejection with v ~ 160kms ' within a 250 Myr lifespan (the
typical timescale associated with the core collapse of stellar
merger remnants); this can be treated as a lower limit since this
assumes a purely radial trajectory, and only accounts for
projected distance. Consequently, even when considering the
small fraction of CCSNe observed in elliptical galaxies, which
prevents us from definitively ruling out such a channel, the
characteristics of FRB 20240209A and its host support a
delayed channel.

5. Discussion and Conclusions

We have presented optical through mid-IR observations of
the host galaxy of FRB 20240209A at z = 0.1384, the first
repeating FRB localized to a quiescent host, and the first
confirmed elliptical galaxy among the population of FRB hosts.
Compared to the stellar population properties of FRB hosts,
FRB 20240209A is the oldest (¢,, = 11 Gyr) and most massive
(2 x 10'"'M_), and shows no evidence for ongoing star
formation (log(sSFR) < —11.9 yrfl), in stark contrast to the
bulk of FRB host galaxies that are predominantly found in star-
forming environments. Its mass-assembly history further
indicates that the majority of mass was formed in the first
~ QGyr, implying long delay times for stellar mass progenitors.

A comparison to the hosts of other transient classes indicates
that FRB 20240209A's host most closely resembles a subset of
hosts for short GRBs, Type Ia supernovae (a proxy for WD
AIC), and ULXs. Such channels have previously been
proposed as putative sources for a small fraction of FRBs
based on their localizations to quiescent galaxies that
implicate large average delay times between star formation
and the transient event (B. Margalit et al. 2019; Y. Li &
B. Zhang 2020; N. Sridhar et al. 2021).

The discovery of the BNS merger GW170817, along with
the overall host demographics of short GRBs, strongly supports
a link between short GRBs and BNS mergers. The fraction of
BNS mergers that result in stable magnetar remnants remains
highly uncertain, however, as it is sensitive to both the
unknown equation of state for high-density matter and the mass
distribution of BNS systems (B. D. Metzger et al. 2008;
A. L. Piro et al. 2017). For a mass distribution that follows that
of the Galactic BNS population (e.g., C. Kim et al. 2015), at
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most a few percent of BNS mergers may leave behind a stable
neutron star (B. Margalit & B. D. Metzger 2019), which can
account for a small fraction of the observed FRB population
depending on the FRB active lifetime (M. Nicholl et al. 2017;
B. Margalit et al. 2019). The quiescent host environment of
FRB 20240209A therefore lends support for a magnetar formed
through a BNS merger, although as discussed in Shah et al.
(2024), only ~15% of short GRBs have host-normalized
offsets comparable to FRB 20240209A.

Despite no direct detections of WD AIC, there exists indirect
observational evidence for this mechanism, including the
presence of young pulsars in globular clusters (J. Boyles
et al. 2011), the low space velocities of recycled millisecond
pulsars (T. M. Tauris et al. 2013), and the fact that the rate
of formation of binary millisecond pulsars can be reconciled
with AIC (J. R. Hurley et al. 2010). As with BNS mergers,
rate estimates for the fraction of AIC leaving behind
stable magnetars are highly uncertain (C. Fryer et al. 1999;
D. Kwiatkowski 2015). However, as discussed by B. Margalit
et al. (2019), highly magnetized neutron stars may be formed
via AIC at a rate comparable to that of the BNS magnetar
channel either through flux freezing of the initial WD's
magnetic field or from a rapidly rotating WD progenitor.
Moreover, a typical production timescale of ~10 Gyr for AIC
can account for the occurrence of young neutron stars in GCs
(T. M. Tauris et al. 2013). We thus find that FRB 20240209A's
quiescent host environment, coupled with a large spatial offset
indicative of a possible GC origin (Shah et al. 2024), lends
support for WD AIC as a potential formation channel for
FRB 20240209A. We note that while the transient optical
emission from AIC, lasting only a few weeks to months, is
expected to be several orders of magnitude fainter than for
Type Ia supernovae (e.g., L. F. Longo Micchi et al. 2023),
long-lasting ( ~decades) persistent radio emission from the
ejecta interacting with the ambient medium may be more
readily detected as multiwavelength counterparts to FRBs
(B. Margalit et al. 2019).

On the other hand, given the frequency ( ~30%) of ULXs in
elliptical galaxies (e.g., R. M. Plotkin et al. 2014), we suggest
an X-ray binary as a possible source for FRB 20240209A.
ULXs have previously been proposed as putative FRB sources
(N. Sridhar et al. 2021). While ULXs in late-type galaxies are
canonically associated with intermediate- or high-mass donor
stars, the occurrence of a specific subset of events in elliptical
galaxies implicates older, more evolved stellar donors. In this
scenario, the expected X-ray luminosity will trace the faint end
of the ULX luminosity distribution (Ly ~ 10 ergs™"). With
the exception of FRB 20200120E in the M81 GC (d ~ 3.6
Mpc; A. B. Pearlman et al. 2024), existing X-ray limits for
FRBs—the bulk of which are at z = 0.1—are not sufficiently
sensitive to probe such X-ray counterparts (T. Eftekhari et al.
2023; A. M. Cook et al. 2024). Indeed, the redshift of
FRB 20240209A likely precludes detection with present-day
X-ray facilities. Nevertheless, FRB 20240209A's elliptical host
galaxy, along with a possible GC environment (Shah et al.
2024), may point to a ULX or X-ray binary origin. We note
that a ULX origin would distinguish FRB 20240209A from
FRB 20200120E, as X-ray measurements rule out such a
scenario for the latter (A. B. Pearlman et al. 2024). Conversely,
low-mass X-ray binaries remain viable for both sources.

Since the first host associations, investigations into FRB host
demographics have offered valuable insights into the origins of
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FRBs and their possible progenitor systems. Such studies
remain in their infancy, however. With the development of
interferometric capabilities for various FRB experiments and
the promise of hundreds of precisely localized events, the
discovery landscape for new and unforeseen hosts and
environments presents considerable potential. Indeed, the
connection of a few FRBs with remarkable environments,
including dwarf galaxies (S. Chatterjee et al. 2017; C. H. Niu
et al. 2022), a globular cluster (F. Kirsten et al. 2022), and the
elliptical host of FRB 20240209A, implicate exotic formation
channels as well as older stellar populations for some FRBs and
demonstrate that novel environments offer significant con-
straining power for FRB progenitors. A larger sample of host
associations will further uncover intriguing diversity in host
environments and may identify interesting subpopulations or
correlations with FRB repetition, energetics, or other burst
characteristics, contributing to a clearer understanding of FRB
origins.
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Appendix A
Stellar Population Modeling with Prospector

We use the Flexible Stellar Population Synthesis (FSPS;
C. Conroy et al. 2009; C. Conroy & J. E. Gunn 2010) library
accessed through the PYTHON-FSPS interface (D. Foreman-
-Mackey et al. 2014) to build the stellar population models and
the dynesty dynamic nested sampling package (J. S. Spea-
gle 2020) to jointly fit the host photometry and spectroscopy.
We utilize the Gemini/GMOS spectrum given its wide
wavelength coverage and high SNR, and correct both the
spectrum and photometry for Milky Way extinction and
include the 1o photometric uncertainties and error spectrum.
We additionally impose a conservative 10% error floor on all
photometric points.

For our fits, we adopt a nonparametric star formation history
(SFH) with eight temporal bins and a continuity prior that
utilizes a Student-7 prior on the log of the SFR ratio in adjacent
bins, as in previous analyses of FRB hosts (A. C. Gordon et al.
2023). We additionally employ a Kroupa initial mass function
(P. Kroupa 2001) and the dust attenuation law from M. Kriek &
C. Conroy (2013). To ensure we are sampling from realistic
mass and metallicity priors, we assume a Gaussian scatter
around the mass—metallicity relation of A. Gallazzi et al. (2005)
with a standard deviation equal to twice the measured scatter.
Finally, we include a pixel outlier model to marginalize over
residual sky lines and a two-component mid-IR AGN model as
described in J. Leja et al. (2018).

Appendix B
GALFIT Modeling

To perform the GALFIT modeling in Section 4, we first
identify stars in the image using the imexam package
(M. Sosey et al. 2018) and generate the point-spread function
(PSF) with photutils (L. Bradley et al. 2024). From the
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GMOS image, we create a 1’ x 1’ cutout centered around the
host galaxy and produce a segmentation map using photu-
tils to mask other sources in the field. The cutout, PSF
profile, and mask are fed as input to GALFIT along with our
initial guesses for the best-fit parameters of a single Sérsic
profile.
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