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ABSTRACT

Faraday rotation measures (RMs) of fast radio bursts (FRBs) offer the prospect of
directly measuring extragalactic magnetic fields. We present an analysis of the RMs
of ten as yet non-repeating FRBs detected and localized to host galaxies by the 110-
antenna Deep Synoptic Array (DSA-110). We combine this sample with published
RMs of 15 localized FRBs, nine of which are repeating sources. For each FRB in the
combined sample, we estimate the host-galaxy dispersion measure (DM) contributions
and extragalactic RM. We find compelling evidence that the extragalactic components
of FRB RMs are often dominated by contributions from the host-galaxy interstellar
medium (ISM). Specifically, we find that both repeating and as yet non-repeating FRBs
show a correlation between the host-DM and host-RM in the rest frame, and we find
an anti-correlation between extragalactic RM (in the observer frame) and redshift for
non-repeaters, as expected if the magnetized plasma is in the host galaxy. Important
exceptions to the ISM origin include a dense, magnetized circum-burst medium in some
repeating FRBs, and the intra-cluster medium (ICM) of host or intervening galaxy
clusters. We find that the estimated ISM magnetic-field strengths, BH’ are character-
istically larger than those inferred from Galactic radio pulsars. This suggests either
increased ISM magnetization in FRB hosts in comparison with the Milky Way, or that
FRBs preferentially reside in regions of increased magnetic-field strength within their
hosts.
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1. MOTIVATION AND BACKGROUND

The origins, evolution, and physical states of magnetic fields in galaxies remain poorly understood,
despite their importance. During the processes of galaxy evolution, primordial seed fields are likely
amplified through dynamo processes (Rees 1987; Beck et al. 1996; Beck 2015), flux freezing in gas
collapse (Marinacci et al. 2015) and fragmentation (Su et al. 2018), and turbulence (Ryu et al.
2008). In the Milky Way and nearby spiral galaxies, magnetic fields are dynamically important in
the interstellar medium (ISM), with comparable energy density to turbulent gas motions and cosmic
rays, and provide significant pressure support (Beck 2015). Magnetism is critical to the processes
of star formation in molecular clouds (Crutcher 2012), and the propagation of cosmic rays and the
resulting heating of the ISM and galaxy-scale winds (Zweibel 2013). Estimates of the ISM magnetic-
field strengths range from ~ 5 uG in the Solar neighborhood (from direct Voyager-1 measurements;
Burlaga et al. 2013), to ~ 10 4G in denser regions of the Galactic plane (Crutcher 2012), to several
tens of 4G in the ISM of nearby starburst galaxies (Beck 2015). Large-scale ordered fields are typically
< 30% of the total field strengths (Haverkorn 2015; Beck 2015). Simulations suggest that the large-
scale fields, likely found mostly in disk-dominated galaxies (Marinacci et al. 2018), saturate at several
puG within a few Gyr after disk formation (Su et al. 2018; Rodrigues et al. 2019). Current estimates
of magnetic-field strengths in external galaxies largely rely on equipartition analyses of synchrotron
emission!, which are subject to significant uncertainties in cosmic-ray energy losses (e.g., Ponnada
et al. 2022). Direct measurements of magnetic-field strengths in external galaxies are required to test
our understanding of the development of cosmic magnetism.

Fast radio bursts (FRBs) offer a direct probe of extragalactic magnetic fields through combined
measurements of Faraday rotation measures (RMs) and dispersion measures (DMs) (e.g., Masui
et al. 2015; Ravi et al. 2016; Mannings et al. 2022). RMs and DMs together enable the line-of-sight
integrated magnetic field (B)) to be evaluated (Note the ~indicates this is averaged over the line-
of-sight). Independent estimates of the Galactic RM and DM foreground can be used to identify
extragalactic contributions, and host-galaxy components can be further isolated using models for the
DM of the intergalactic medium (IGM; Macquart et al. 2020). In this work, we assume that FRB
RMs and DMs include contributions as follows:

RMhost
RM=RM;on + RMyw + RMiaur + L (1)
DMj0s
DM:DMMW + DMMW,halo —+ DMIGM(Z) —+ (1 +hz; . (2)

Here, ‘ion’ refers to the ionosphere contribution (Sotomayor-Beltran et al. 2013), ‘MW refers to the
Milky Way (estimated for RMs and DMs respectively using: Hutschenreuter et al. 2022; Cordes &
Lazio 2002), and ‘host’ refers to the FRB host galaxy. We assume a nominal Milky Way halo DM

1 Although see Robishaw et al. (2008) for observations of Zeeman splitting in OH megamasers.
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contribution of 10 pcecm ™ (Ravi et al. 2023, our results are largely insensitive to this assumption), and
absorb host-halo RM and DM contributions in the host-galaxy terms. We further define RMeygu =
RMIGM + —RMhOSt, and
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At present, 38 FRB sources have published polarization and /or RM data, of which just 15 (including
six as yet non-repeating events) are localized to host galaxies (see Appendix A of the companion paper
by Sherman et al. for a detailed compilation). The RMs of FRBs span an extraordinary range, both
in magnitude and variability in the case of repeating sources. FRB 20121102A, for example, has an
RM that varied from 1.3 x 10°radm™2 to 7 x 10*rad m=2 (Michilli et al. 2018; Plavin et al. 2022)
over three years, which with a modestly high host DM (around 50 — 225 pccem™2; Tendulkar et al.
2017) indicates a dense, dynamic magnetoionic environment. Similar environments are inferred for a
few repeating-FRB sources (Anna-Thomas et al. 2023; Xu et al. 2022; Mckinven et al. 2023), whereas
others exist in entirely unremarkable magnetic environments (Kirsten et al. 2022; Feng et al. 2023).
Frequency-dependent depolarization has also been observed in multiple repeating FRBs (Feng et al.
2022; Anna-Thomas et al. 2023; Mckinven et al. 2023), which may be described by the stochastic-RM
model (Melrose & Macquart 1998; Beniamini et al. 2022; Yang et al. 2022). A polarization analysis
by Mannings et al. (2022) of five as yet non-repeating FRBs with host galaxy localizations could not
disentangle any significant local RM contributions from broader host-ISM contributions. However,
a tentative correlation between DMy and RMy.e suggested a significant contribution from ISM
magnetic fields to the RMs of non-repeating FRBs.

Here we augment the existing sample of RMs for 15 FRBs localized to host galaxies with ten as
yet non-repeating FRBs from the 110-antenna Deep Synoptic Array (DSA-110) with significant RM
detections and host galaxy localizations. Polarimetry and RM estimation for these new events were
presented in the companion paper by Sherman et al., and host-galaxy analysis was presented in Law
et al. (2023). Our goals in this paper are to identify extragalactic and host-galaxy contributions to
FRB RMs, and to estimate and interpret BH,host along the FRB sightlines. In §2 we outline our
methods for disentangling various RM and DM contributions. We then discuss the origins of FRB
RMs in §3, and present and interpret measurements of B||,host in §4. We discuss limitations of our
work and future prospects in §5, and conclude in §6. Throughout we adopt cosmological parameters
from the Planck mission (Planck Collaboration et al. 2016). RM and polarization data for the DSA-
110 FRBs can be accessed through the DSA-110 Archive?, with additional data made available upon
request to the corresponding author (Morrell & Law 2022).

2. ESTIMATION OF HOST DM AND RM

For each of the 10 FRB sources in the sample under consideration, we estimate DMy, following
the methods outlined in Connor et al. (2023a) (see also Yang et al. 2022). We derive the probability
density function (PDF) of DMy using the convolution of the PDFs of the observed DM with
each DM component, as described in Connor et al. (2023a). DMyw is taken to have a Gaussian

2 https://code.deepsynoptic.org/dsall0-archive/
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distribution with standard deviation 30 pccm™, DMyw halo 18 taken to have a uniform distribution
between 0-20 pcem ™, and DMjqy is distributed according to Zhang et al. (2021) for each redshift.
The distribution of DM}, (in the observer frame) is then given by the convolution below:

P (DMhost
142
The quoted values of DM, in Table 1 represent the expected values according to the PDFs.

We derive estimates of RMy,s using a similar technique. The ionospheric contributions are esti-
mated using the ionF'R Python library, which uses ionospheric data from NASA’s Archive of Space
Geodesy Data® to estimate RM for a given time and line of sight (Sotomayor-Beltran et al. 2013).
The module was modified slightly to account for the change in format of NASA’s data files since 2014
to use 1-hr timesteps. In general, ionospheric RM is of order 1rad m~2, but can change drastically in
the presence of strong solar activity. The Galactic contribution is estimated using the Hutschenreuter
et al. (2022) updated RM sky map. While the Galactic contribution is more significant than iono-
spheric contributions, it remains small and is typically of order 10 — 20rad m~2. In deriving RMys,
we neglect RMqu; this is justified below in Section 3. Table 1 summarizes estimates of RM and DM
components for each FRB in the DSA-110 sample. Note that DMy, (and by extension BH) could
not be confidently constrained for FRB 20220319D due to its close proximity to the Milky Way, as
discussed in Ravi et al. (2023). RMyest and DMy, estimates are obtained for 9 repeating FRBs and
6 non-repeating FRBs from the published literature sample.

This analysis has several caveats. For example, host or intervening galaxy clusters can significantly
affect some FRB DMs and RMs (Connor et al. 2023a; Lee et al. 2023a; Ramesh et al. 2023), increasing
the magnitudes of the estimated DM,st and RMj.st. Some repeating FRBs such as FRB 20121102A
and FRB 20190520B show significant variation in RM (Anna-Thomas et al. 2023; Plavin et al. 2022).
For these sources, a weighted mean value for the RM is used, as the local contribution cannot be
confidently removed. We also note that estimates of DMy, can be refined through a consideration
of host-galaxy observables such as Ha or UV luminosity (e.g., Mannings et al. 2022), as well as
observations of intervening galaxies (e.g., Simha et al. 2023), but we defer such an analysis to future
work.

) = P(DM) * P(—=DMyw) * P(—DMyiw hato) * P(—DMicng). (5)

3. THE ORIGIN OF FRB ROTATION MEASURES

We first test the hypothesis that the host-galaxy ISM predominantly determines FRB RMs. We do
this by searching for a correlation between RMyos; and DMy,s. Tentative evidence (p = 0.06, where
p is the probability of the null hypothesis of no correlation) for such a correlation was identified
by Mannings et al. (2022) using just nine FRBs (three repeaters and six non-repeaters). When
considering all extragalactic contributions to the RMs and DMs of FRBs, such a correlation is the
best motivated, both empirically and theoretically. Large-scale fields in the IGM are not evident in
studies of the RMs of active galactic nuclei (Hammond et al. 2012). As such fields are likely no larger
than several nano-Gauss, they will not contribute more than a few units of RM for typical FRBs (e.g.,
Akahori et al. 2016; Ravi et al. 2016; Hackstein et al. 2019). Furthermore, both observation of nearby

3 https://cddis.nasa.gov/
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Table 1. DSA-110 FRB Sample Rotation Measure Properties

FRB Redshift DM DMpost RM RMpyw RMion RMpoet B|| host (1G)
20220207C  0.043040  262.3  136.9873331  162.48+0.04  -522+16.93 1.354+0.07  181.28 + 18.42 1.9716-16
20220307B  0.248123  499.15 169.77155 85 —047.23+12.27 —4.11+28.64 1.85+0.09 —1477.8+48.74 —13.1675 5>
20220310F  0.477958 462.15  66.5739 .5 11.39 £0.19 —14.334+7.43  0.51£0.09 55.9 + 16.26 2.64799
20220319D  0.011228  110.95 - 59.94+14.33  —13.82+17.68 2.0740.09  73.63 & 23.26 -
20220418A  0.622000  623.45 109.04775-21 6.13 4 7.48 7.964+13.96  0.63+0.1  —5.76 +41.67 —0.171951
20220506D  0.30039  396.93  90.637325-3% —32.38 £ 3.6 —9.68+14.72 1.16 £0.08  —39.75 & 25.62 —1.277593
20220509G  0.089400  269.5  129.16730%5  —109.0+£1.17  14.03+14.05 0.69+0.08 —146.54+16.73  —1.98705%
20220825A  0.241397  651.2 395777 320L  750.23+£6.67  —3.534+15.26 0.32£0.03  1161.38 & 25.67 4497952
20220920A  0.158239  315.0 136.3375537  —830.254+8.29  0.72+13.12  1.6+0.09 —1117.08420.83 —12.2975%%
20221012A  0.284669  442.2 162957552 165.7+17.66 3.07+12.45 1.69+0.13  265.86 + 35.62 3.2719-58

Notes: All DMs are expressed in units of pccm ™3, and all RMs are expressed in units of rad m—2.
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Figure 1. Estimates of RMy,,s; and DMy for as yet non-repeating (brown triangles) and repeating FRBs
(purple circles). Solid lines show the best fit from a Markov-Chain Monte Carlo (MCMC) analysis for
non-repeaters (brown), repeaters (purple), and the full sample (grey). Random draws from each MCMC
simulation are shown by faint lines for non-repeaters (brown), repeaters (purple) and all FRBs (grey). The
best fit slopes with 1-0 errors are displayed in the legend in each case.

.0 3.0 3.5

galaxies (Heesen et al. 2023) and IlustrisTNG simulations (Ramesh et al. 2023) imply the circum-
galactic media (CGM) of intervening galaxies contribute negligibly to the observed RM (~ 0.01 rad m?
at large impact parameters 2 200 kpc) compared to host ISM, local, and Milky Way contributions.
Galaxy clusters, which will contribute significantly more RM (Connor et al. 2023a), likely affect on
the order of 10% of FRB sightlines and may not dominate the IGM DM contributions. On the other
hand, experience from Galactic pulsar observations suggests that pulsar RMs are excellent tracers
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Figure 2. Estimates of RMcyga1 at different redshifts for as yet non-repeating (brown triangles) and repeating
FRBs (purple circles). Solid lines show the best fit from an MCMC analysis for non-repeaters (brown),
repeaters (purple), and the full sample (grey). The green line indicates the expected scaling from redshift
suppression, i.e. RMexgal ¢ (142)~2. Samples from each MCMC simulation are shown by faint lines for non-
repeaters (brown), repeaters (purple) and all FRBs (grey). The best fit slopes with 1-o errors are displayed
in the legend in each case. Significant negative correlation is found for non-repeaters (p = 0.006) using
a Spearman Rho test, although the median slope m = —8.18:? is only marginally consistent with redshift
suppression. The two repeaters with the highest values of RMexga, FRB 20121102A and FRB 201905208,
are known to have highly magnetized, dynamic local environments that may dominate their RMs (Anna-
Thomas et al. 2023; Plavin et al. 2022).

of large-scale components of the Galactic magnetic field via correlations with DM (Han et al. 2018;
Sobey et al. 2019). In the case of FRBs (and pulsars), a correlation between RMyos and DMpegt
can be masked if FRBs generally occupy dynamic local environments that contribute large RMs but
little DM, like the environment of FRB 20121102A, because the DM component would be small with
respect to other sources of DM.

We have conducted simple, physically motivated Monte Carlo simulations to demonstrate how
extreme (either dynamic or highly magnetized) local FRB environments could mask the correlation
between RMypos and DMyes. For a population of 24 FRBs, we draw samples of RMigy nost and
DMism host assuming they have similar distributions to those of Milky Way pulsars. A subset of
FRBs are then randomly selected to have extreme local environments; we consider cases in which
the local magnetic field is (1) stochastically varying with Root Mean Squared (RMS) OB, local =
100 uG, (2) smoothly varying with rate of change dB||jocal/dt = 0.1 uG day ™!, or (3) constant and of
extreme magnitude |B‘|,1oca1| = 100 uG*. The local DM is drawn from a uniform distribution between
0 — 10pcem ™3, and the local RM contribution computed as RMica ~ 0.81B)| 1ocatDMigcar. - The
observed RMy,ost and DMy,¢; are computed from the sum of the local and ISM contributions. We find

4 These nominal values are estimated to match the environments of FRBs with known dynamic local environments such

as FRB20121102A and FRB 20190520B (e.g., Mckinven et al. 2023).
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that if the local field is either stochastically or smoothly varying, the correlation (for a Spearman Rho
test with a 90% confidence level) between RMys; and DMyeg can be masked if 2 30 — 55% of the
sample (= 8 — 13 FRBs) have extreme local environments, depending on the mean value of BH,local' If
the local field is constant, the correlation can be masked if only 2 8% of the sample (2 7 — 8 FRBs)
have ’BH,locall = 100 uG. Therefore, if a correlation is observed, one can conclude that the host ISM
dominates the observed RMjs; and DMy,g;, while an upper limit < 55%) of FRBs may reside in
extreme local environments.

Figure 1 shows a clearly detected correlation between RMjy,,q; and DMy,g. Significant correlations
are found for repeaters (p = 0.02), non-repeaters (p = 0.06), and for all FRBs (p = 0.004) using
Spearman Rho tests. This confirms the tentative result of Mannings et al. (2022), and shows that
it applies to both repeating and non-repeating FRBs. The existence of this correlation indicates
that the RMs of both repeaters and non-repeaters are generally determined by large-scale fields in
host-galaxy ISM. The ISM origin is bolstered by the weak correlation between host RM/DM and
galactocentric offset found by Mannings et al. (2022), which ought not to exist if the magnetized
plasma were in circumburst material.

An analysis of observed RMeyga evolution with redshift z also demonstrates that RM originates
in the host galaxy. As shown in Figure 2, we find a significant negative correlation (p = 0.006)
between RMeyxga and z for non-repeaters. The result for repeating FRBs is significantly affected by
FRB20121102A and FRB20190520B, which are known to have highly magnetized, dynamic local
environments that may dominate their RMs (Anna-Thomas et al. 2023; Plavin et al. 2022). However,
this does not contradict the conclusion that the host ISM dominates the RM and DM of repeaters.
If repeating FRBs have higher variance in RM (both between sources and from burst-to-burst), then
that variance could drown out the relatively weak (1 + z)~2 effect. The lack of repeating FRBs at
high redshift (z > 0.3) may also explain why local environments obscure the redshift suppression,
but a significant correlation is still found between RMos; and DMy,. For non-repeaters, a negative
correlation between RMeyga and 2 can most simply be attributed to the suppression of a characteristic
RMy,est by a (14 2)72 term, although this possibility is only marginally consistent with the measured
slope of the anti-correlation. Cosmic evolution in host-galaxy field strengths may also play a role,
although there is no theoretical basis for the observed RMeyga-2 anti-correlation (e.g., Rodrigues
et al. 2019).

4. MAGNETIC FIELDS IN FRB ENVIRONMENTS AND HOST GALAXIES

Having established that estimates of RMy,o¢ for our FRB sample may trace the large-scale magnetic
fields in the host-galaxy ISM, we can estimate and interpret B||7host for the sample. The estimates
for the DSA-110 sample are given in Table 1. We focus first on comparing estimates of Bjnost With
estimates of BH for pulsars. This analysis is complementary to the investigation by Chrimes et al.
(2021) of the physical locations of FRBs in their hosts relative to pulsars in the Milky Way. It is,
however, similarly motivated by the prospect of determining whether or not Galactic pulsars are
similarly located within the Milky Way as FRBs are within their hosts.

Figure 3 shows the distribution of RMy.s and DMy for FRBs in comparison with RMs and
DMs of Galactic and Magellanic-Cloud pulsars, rotating radio transients (RRATS), and radio-loud
magnetars. We find that the distributions of BH,host for repeating and as yet non-repeating FRBs
are significantly different to the BH distributions for pulsars and magnetars (p < 0.089 for repeaters;
p < 0.006 for nonrepeaters when compared to CPs, MSPs, and all pulsars/magnetars), while the
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Figure 3. Comparison of FRB RMjst and DMy, estimates with the RMs and DMs of pulsars, RRATS,
and radio-loud magnetars. As yet non-repeating (brown triangles) and repeating FRBs (purple circles)
are distinguished, as are canonical pulsars (CPs; P > 30ms; blue circles) and millisecond pulsars (MSPs;
P < 30ms; orange circles). RRATSs (yellow diamonds), pulsars in the Large and Small Magellanic Clouds
(LMC, SMC; green squares), and radio magnetars (teal squares) are included to complete the sample. Dotted
grey lines_of constant magnetic field, BH,hosta are shown. Both repeaters and non-repeaters are found to have
distinct B|| ot from CPs and MSPs using a Kolmogorov-Smirnov (K-S) test and an Anderson-Darling (A-
D) test with > 99% confidence. FRBs in general appear to occupy slightly more magnetized environments
than pulsars. K-S and A-D tests find similarity between FRB and RRAT distributions. Data on literature
samples of neutron stars were compiled according to Appendix A of the companion paper by Sherman et al.

1.0 3.0 3.5

comparison to RRATS is inconclusive. Specifically, FRBs tend to have higher inferred values of BH,host
than Galactic neutron stars. There are two leading possibilities for this result. First, a significant
fraction of FRBs, both repeating and non-repeating, may have important RM contributions from
circum-source environments that contribute negligibly to their DMs (e.g., Yang et al. 2023). Such
RM contributions would need to be significant enough to raise the inferred Bu,host values by some tens
of percent, while not masking the RMys— DMy correlation® . Alternatively, FRBs may be typically
hosted by galaxies with larger large-scale ISM field strengths than observed in the Milky Way. This
idea is consistent with observational and theoretical work establishing an increase in large-scale fields
at fixed stellar mass with redshift, and the variation in field strength with star-formation activity
(Beck 2015; Rodrigues et al. 2019).

We can test the second scenario by investigating whether either redshift or specific star-formation
rate (sSFR) are correlates of Bj| o5 (Figure 4). Estimates of sSFR for the literature sample of localized
FRBs are derived from Gordon et al. (2023) where possible, and otherwise from Bhardwaj et al.
(2021), Michilli et al. (2022), and Ravi et al. (2022). Estimates of sSFR for DSA-110 FRBs are sourced

° Note some outlier repeating FRBs such as FRB 20121102 and FRB20190520B have less stringent requirements for
significant RM given their already high inferred B o5t
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Figure 4. Estimates of B‘Lhost for FRBs at different redshifts, including as yet non-repeating sources
(triangles) and repeaters (circles). FRBs are grouped by the (logarithmic) specific star-formation rates
(ISSFR) of the host galaxies, scaled by 10'°M: 1ISSFR < —1.25 (orange), —1.25 < ISSFR < 0 (green) and
ISSFR > 0 (purple). FRBs 20121102A and 20190520B, both associated with persistent radio sources (PRSs;
Law et al. 2022), are circled in black. No correlation is found between BH,host and redshift for any subgroup,
nor are there significant differences between the subgroups.

from Law et al. (2023). We find no significant correlation between B||7host and either redshift or sSFR,
either for repeaters or non-repeaters. This result disfavors cosmic evolution and a biased host-galaxy
population as explanations for the characteristically higher BH,host values of FRBs in comparison
with Galactic neutron stars. However, we cannot immediately favor the importance of circum-source
environments in determining BH,host' First, we are not correcting for the location of the FRBs within
their hosts, nor for the host-galaxy orientations, which may be also be important in determining
FRB RMs (e.g., Kirsten et al. 2022; Mannings et al. 2022). Second, as is evident from Figure 3, it
is possible that only some FRBs have characteristically higher B||7host than Galactic pulsars. These
objects, with Bjj host < 10 #G, likely do have significant circum-source RM contributions, additionally
because large-scale fields are expected to saturate below 10 4G in most galaxies.

5. DISCUSSION

Unlike with DM, the IGM and circum-galactic medium (CGM) of intervening galaxies are not ex-
pected to contribute significantly to the extragalactic RM of FRBs, due to small magnetic fields in
those media (Hammond et al. 2012; Lan & Prochaska 2020; Ponnada et al. 2022). For example, Ama-
ral et al. (2021) found that the 3-o upper limit on the RM from filaments in the IGM is < 3.8 rad m 2,
which is comparable to the Faraday column of Earth’s ionosphere. Instead, the extragalactic RM
of FRBs will typically be dominated by the host galaxy. For O(10%) of sources, the magnetized
ICM of galaxy clusters will contribute non-negligibly to the observed RM. This can happen when the
FRB sightline intersects a foreground galaxy cluster by chance (Lee et al. 2023b) as well as when the
host galaxy is a cluster member (Connor et al. 2023b; Sharma et al. 2023). DM and RM estimates
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for a sample of FRBs impacted by galaxy clusters will allow for magnetic-field constraints in the
intracluster medium (ICM), including beyond the virial radius where probes such as thermal X-ray
emission are less sensitive.

The majority of FRB sightlines will not be impacted by the ICM. For such sources, the component
of extragalactic DM that correlates with RMexga ought to come from the host galaxy. Thus, for a
large sample of localized FRBs at low or moderate redshifts, the relationship between extragalactic
DM and RM could be used to extract the distribution of DMy,,. The host galaxy DM distribution
is currently poorly constrained, but has significant implications for FRB applications to cosmology
as well as in our understanding of FRB host galaxies and progenitor environments. In this case, one
must assume that the host-galaxy RM and DM originate from the same plasma.

In general, strong prospects remain for using FRBs to constrain or measure magnetic-field strengths
in a variety of environments, including the ISM, galaxy groups, and galaxy clusters. If a sample of
z 2 1 FRBs can be obtained, the suppression of RMys may enable us to cleanly consider RM
contributions external to galaxies in analogy to the estimation of DM contributions in the CGM and
IGM (e.g., Connor & Ravi 2022). Fortunately, a high-redshift sample of FRB RMs is likely to be
discovered with upcoming surveys (Connor & Ravi 2023), thanks to their large overall detection rate
and increased sensitivity (e.g., Vanderlinde et al. 2019; Hallinan et al. 2019). Sub-arcsecond FRB
localizations (e.g., Vanderlinde et al. 2019) will further assist in modeling and interpreting ISM RM
contributions.

6. CONCLUSIONS

We present a study of the RMs of 25 FRBs localized to host galaxies, including ten new measure-
ments from the DSA-110. The localizations enable a focused consideration of host-galaxy contribu-
tions to FRB RMs, and the resulting implications. We conclude the following.

1. The RMs of FRBs are predominantly contributed by the host-galaxy ISM. This is evidenced by
an observed correlation between RMy,s; and DMy, for both repeating and as yet non-repeating
FRBs (Figure 1), and supported by an anti-correlation between RMeyga and z for non-repeating
FRBs that suggests a characteristic value of RMyg (Figure 2). Important known exceptions
include FRBs hosted by or viewed through galaxy clusters (e.g, FRB 20220509G; Connor et al.
2023a), and FRBs with highly magnetized circum-source environments (e.g, FRBs 20121102A
and 20190520B; Anna-Thomas et al. 2023; Plavin et al. 2022).

2. The distribution of inferred B||7host values for FRBs is generally inconsistent with th_e BH dis-
tribution for Galactic and Magellanic-Cloud pulsars (Figure 3). Higher values of By are
observed for FRBs in comparison with pulsars.

3. We test the possibility of the BH,host excess being explained by a biased FRB host-galaxy
population with stronger large-scale magnetic fields than the Milky Way. We find no evidence
for this scenario (Figure 4); this result does not however exclude the possibility. The locations
of FRBs within their hosts, which we do not account for, may be important in interpreting host-
ISM magnetic-field estimates. It also remains plausible that a significant subset of FRBs have
substantially magnetized circum-source environments that contribute to but do not dominate
estimates of Bj| post-
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