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Abstract

Fast radio bursts (FRBs) are extragalactic, bright, millisecond radio pulses emitted by unknown sources. FRBs constitute a unique probe of various astrophysical and cosmological environments via their characteristic dispersion (DM) and Faraday rotation (RM) measures that encode information about the ionised gas traversed by the radio waves along the FRB line of sight. In this work, we analysed the observed RM measured for 14 localised FRBs in the 0.05 ≲ zfrb ≲ 0.5 redshift range, in order to infer the total magnetic field, B, in various galactic environments. Additionally, we calculated fgas – the average fraction of baryons in the ionised CGM. We built a spectroscopic dataset of FRB foreground galaxy halos, acquired with VLT/MUSE observations and by the FLIMFLAM collaboration. We developed a novel Bayesian statistical algorithm and used it to correlate information on the individual intervening halos with the observed RMobs. This approach allowed us to disentangle the magnetic fields present in various environments traversed by the FRB sight lines. Our analysis yields the first direct FRB constraints on the strength of magnetic fields in the interstellar medium (ISM) ([image: equation]) and in the halos ([image: equation]) of FRB host galaxies, as well as in the halos of foreground galaxies and groups ([image: equation]). Assuming no field reversals, we find that the average magnetic field strength in the ISM of the FRB host galaxies is [image: equation]G. Additionally, we placed an upper limit on the average magnetic field strength in FRB host halos, [image: equation]G, and in foreground intervening halos, [image: equation]G. Moreover, we estimated the average fraction of cosmic baryons inside 10 ≲ log10(Mhalo/M⊙) ≲ 13.1 halos to be [image: equation]. We find that the magnetic field strengths inferred in this work are in good agreement with previous measurements. In contrast to previous studies that analysed FRB RMs and have not considered contributions from the halos of the foreground and/or FRB host galaxies, we show that halos can contribute a non-negligible amount of RM and must be taken into account when analysing future FRB samples.
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1. Introduction
Over the last decades, extragalactic millisecond radio transients, termed fast radio bursts (FRB; Lorimer et al. 2007), have been established as remarkable probes of physical processes spanning a vast range of scales: from atomic to cosmological (e.g. Petroff et al. 2022). While traversing plasma in different cosmic environments, the FRB signal experiences dispersion caused by the free electrons along the propagation path, resulting in a frequency-dependent time delay of the arrival of photons at telescopes on Earth. This characteristic dispersion, referred to as the dispersion measure (DM), has been used extensively to solve the so-called missing baryon problem (McQuinn 2014; Macquart et al. 2020) and to infer how these baryons are distributed in the intergalactic (IGM) and circumgalactic (CGM) media (Simha et al. 2020; Khrykin et al. 2024b; Connor et al. 2025). In addition, analysis of the FRB DM provides a tool for measuring cosmological parameters (e.g., James et al. 2022; Wang et al. 2025; Glowacki & Lee 2024; Fortunato et al. 2025) as well as for assessing galaxy feedback mechanisms (e.g. Khrykin et al. 2024a; Medlock et al. 2025; Zhang et al. 2025; Guo & Lee 2025; Dong et al. 2025; Sharma et al. 2025).
Furthermore, if the propagation medium is magnetised, the intrinsic FRB polarization angle experiences a frequency-dependent rotation, which is characterised by the quantity dubbed the Faraday rotation measure (RM). Akin to the DM, the RM is proportional to the integrated number density of electrons along the propagation path, but additionally weighted by the magnetic field component parallel to the FRB sight line. It therefore offers an opportunity to probe the properties of the magnetic field on different scales in the Universe (Akahori et al. 2016; Kovacs et al. 2024). For instance, observed FRB RMs can be used to constrain the magnetic field generated by the FRB progenitors (e.g. Piro & Gaensler 2018; Lyutikov 2022; Plavin et al. 2022; Anna-Thomas et al. 2023), to refine Milky Way magnetic field constraints (Pandhi et al. 2025), or to shed light on the origin and strength of the magnetic field in the IGM, filaments, and voids of the cosmic web (e.g. Hackstein et al. 2019; Padmanabhan & Loeb 2023; Mtchedlidze et al. 2024).
Measuring the strength of magnetic fields in galaxies is of particular interest, as these are interconnected with the processes of galaxy evolution and feedback (e.g. Bertone et al. 2006; Donnert et al. 2009; Rodrigues et al. 2019). FRBs provide a promising new approach to investigate galactic magnetism, its amplification, and its evolution. For instance, Prochaska et al. (2019) discovered that the FRB 20181112A sight line passes through the halo of a foreground galaxy at bimpact ≃ 29 kpc. Through the analysis of the observed RM, they reported an upper limit on the corresponding parallel component of the magnetic field in the galactic halo of B∥ ≤ 0.8 μG (assuming fiducial halo parameters). This estimate is at odds with previous high-redshift measurements that analysed the RM from a sample of Mg II absorbers at ⟨z⟩ = 1.3 in quasar spectra and found B∥ ≈ 10 μG in the CGM (Bernet et al. 2008). The small B∥ value found by Prochaska et al. (2019) can indicate a little-magnetised halo or a highly disordered magnetic field.
Recently, Mannings et al. (2023) analysed a sample of nine FRBs and reported a positive correlation between DM and extragalactic RMeg given by
[image: thumbnail](1)
with RMobs being the observed RM and RMMW an estimate for the Milky Way contribution. They concluded that the majority of RMeg thus must arise from the host galaxy. Sherman et al. (2023) expanded the sample to 25 FRBs and came to a similar conclusion, emphasising that the bulk of extragalactic RMeg is coming from the ISM of the FRB hosts. However, these works assumed that only FRB progenitors and/or the ISM contribute to the observer RMobs, ignoring any contribution from the halos of the FRB host galaxies. Moreover, they did not account for potential contribution to the observed RMobs from intervening foreground halos. While searching for foreground halos requires extensive spectroscopic observations, ignoring this information can lead to erroneous conclusions (see Lee et al. 2023, for a similar discussion about DMobs in FRB 20190520B).
The goal of this work is to constrain and disentangle the magnetic fields in all galactic environments traversed by the FRB sight lines, including intervening foreground galactic halos. In order to do this, we built a large spectroscopic dataset of galactic halos in the foreground of well-localised FRBs acquired by the FLIMFLAM collaboration (Lee et al. 2022; Simha et al. 2023; Khrykin et al. 2024b; Huang et al. 2025) and dedicated VLT/MUSE observations (PI: N. Tejos). We introduce a novel Bayesian Markov chain Monte Carlo (MCMC) statistical framework that takes into account both observational and modelling uncertainties and recovers the magnetic field strength in various media along the FRB sight lines with high precision levels.
This paper is organised as follows. In Section 2, we outline the main properties of the FRB dataset analysed in this work. We discuss our model for the observed RM and each contributing component in Section 3. We summarise our Bayesian statistical model and present the results of the parameter inference in Section 4. We discuss our findings in Section 5 and conclude in Section 6. Throughout this work, we assumed a flat ΛCDM cosmology with dimensionless Hubble constant h = 0.673, Ωm = 0.315, Ωb = 0.046, σ8 = 0.8, and ns = 0.96, consistent with the latest Planck results (Planck Collaboration VI 2020).
	[image: thumbnail]	Fig. 1. Left: Distribution of absolute values of RMeg as a function of FRB redshift in observer frame. The black dots show the FRB sample analysed in this work, whereas the grey triangles are the DSA-110 subsample taken from Sherman et al. (2023) and the blue diamonds illustrate the FRBs from the Mannings et al. (2023) sample, which are not part of this work. Right: Distribution of RMeg values in rest-frame of FRB hosts as a function of the corresponding [image: equation] and [image: equation] values from Bernales-Cortes et al. (2025) (only for sources for which corresponding MUSE data are available).



2. Data sample
In this work, we analysed a sample of 14 FRBs that were detected by the Commensal Real-time ASKAP Fast Transients (CRAFT; Macquart et al. 2010) survey conducted on the Australian Square Kilometre Array Pathfinder (ASKAP) radio telescope. The optical follow-up observations for host identification and redshift measurement were carried out as part of a collaboration between the CRAFT and Fast and Fortunate for FRB Follow-up1 (F4) teams. We built the sample according to the following set of criteria: (1) the posterior probability of FRB-host association by the Probabilistic Association of Transients to their Hosts (PATH; Aggarwal et al. 2021) algorithm must be P(O|x)≥0.90; (2) the FRB must have a publicly available RM measurement; and (3) a given FRB field must have available spectroscopic observations of foreground galaxies. Only 14 FRBs to date satisfy all of the above criteria. We summarise the main properties of the FRBs in the sample in Table 1, noting that the RMobs values adopted here are all taken from Scott et al. (2025).
The left hand panel of Figure 1 shows the estimated extragalactic RMeg, using Eq. (1) and an estimate for RMMW (see Table 1), in our sample as a function of the FRB redshift. Meanwhile, the right hand panel illustrates the distribution of RMeg as a function of the estimated dispersion measure [image: equation] associated with the host galaxies (halo+ISM/FRB progenitor) of the FRBs in the sample. We also show [image: equation] estimates separately via the red markers. The values are adopted from the analysis of Hα flux and halo masses in the FRB hosts by Bernales-Cortes et al. (2025). We ran a Pearson-correlation test between the RMeg and [image: equation] and between RMeg and [image: equation] values and find no significant correlation in either case with rpearson = 0.10 and rpearson = 0.19, respectively (see also Glowacki et al. 2025).
Table 1. 
Sample of 14 FRBs analysed in this work.

We require foreground spectroscopic information in each FRB field in order to identify and characterise galaxies that are intersected by the FRB sight lines in our sample, and that might contribute to the observed RMobs. Recently, the FLIMFLAM survey (Khrykin et al. 2024b; Huang et al. 2025) acquired large spectroscopic samples of galaxies in the foreground of 8 localized FRBs utilised in the FRB foreground-mapping approach (Lee et al. 2022) to infer the distribution of cosmic baryons. For seven of the 14 FRBs in our sample, which are also part of FLIMFLAM DR1 (Khrykin et al. 2024b), we adopted their narrow-field spectroscopic data (within 10″ of the FRB sight lines; see Huang et al. 2025). These observations were performed with the AAOmega spectrograph on the Anglo-Australian Telescope (Smith et al. 2004), the Low-Resolution Imaging Spectrograph (LRIS; Rockosi et al. 2010), the DEep Imaging Multi-Object Spectrograph (DEIMOS; Faber et al. 2003), and the integral field unit (IFU) Keck Cosmic Web Imager (KCWI; Morrissey et al. 2018) on the Keck Telescopes at the W. M. Keck Observatory, and the IFU Multi-Unit Spectroscopic Explorer (MUSE; Bacon et al. 2010) on the Very Large Telescope (VLT). We refer the interested reader to Huang et al. (2025) for more detailed descriptions of these observations. For the remaining 7 FRB fields in our sample lacking FLIMFLAM observations, we used MUSE to obtain the spectra of galaxies within the 1 × 1 arcmin2 field of the respective FRB positions. Each FRB field has been observed for 4 − 8 × 800 s with MUSE to reach r ≲ 25 sources (Bernales-Cortes et al. 2025).
Furthermore, we obtain photometric information on identified foreground galaxies by querying publicly available imaging surveys including the Dark Energy Survey (DES; Abbott et al. 2021), the DECam Local Volume Exploration survey (DELVE; Drlica-Wagner et al. 2022), and the the Panoramic Survey Telescope and Rapid Response System (Pan-STARRS; Chambers et al. 2016). For MUSE sources without data in existing public imaging surveys, we constructed synthetic photometry adopting SDSSg, r, and i filters, but manually setting the transmission to zero beyond the MUSE wavelength range of 4800 − 9300 Å. Additionally, we set the transmission to zero in the 5800 − 5960 Å wavelength window in order to account for the blocking filter used to avoid the light from the laser guide stars. This photometric information is then used to estimate the corresponding stellar masses of identified galaxies via spectral-energy-distribution (SED) fitting. For this purpose, we adopted the publicly available SED-fitting algorithm CIGALE (Boquien et al. 2019) with the initialisation parameters previously used by Simha et al. (2023) and Khrykin et al. (2024b). In what follows, we adopt the mean stellar masses of foreground galaxies estimated by CIGALE and use the average stellar-to-halo mass relation of Moster et al. (2013) to convert to the corresponding halo masses, Mhalo, at a given redshift.
Figure 2 illustrates all halos of galaxies ([image: equation]) and groups ([image: equation]) that were observed in the foreground of each FRB in our sample. Those halos that are located at impact parameters bimpact less than equal to their respective virial radii r200 can contribute to the observed RMobs.
	[image: thumbnail]	Fig. 2. Impact parameter bimpact of identified foreground halos with respect to their virial radius, r200, along each FRB sight line, plotted as a function of the impact parameter. The colour map illustrates the mean mass of the halos, whereas the associated uncertainty is propagated into the error bars on their corresponding r200. The dashed line illustrates the maximum distance, bimpact = r200, at which a foreground halo can be intersected by the FRB sight line and potentially contribute to RMobs if a halo extends to 1 virial radius, r200. In addition, we also show the case where the halos extend to two virial radii, 2 × r200, with the dash-dotted lines.



3. Rotation measure model
Rotation measure is one of the key observables of the FRB signal. It represents the change in the polarisation angle of the Faraday-rotated polarised emission propagated through the intervening ionised and magnetised gas. While the DM quantifies the integrated number density of free electrons along the propagation path of a signal, the RM describes the same integral, but weighted by the line-of-sight (parallel) component of the magnetic field, B∥:
[image: thumbnail](2)
As an integral quantity, RMobs can be described as a sum of contributions from several components along the FRB line of sight. Thus, for each ith FRB in our sample, we considered the following model for RMobs in the observer frame:
[image: thumbnail](3)
where RMMW, i corresponds to the contribution from the halo and ISM of the Milky Way (see Table 1); RMIGM, i arises from the diffuse gas in the IGM; [image: equation] is the contribution from the individual, intervening, foreground galactic halos; Nfg is the number of intersected foreground halos; and RMhost, i comes from the FRB host galaxies. In what follows, we discuss each of these components in detail.
3.1. The Milky Way
The contribution from the Milky Way, RMMW, arises both from the magnetised and ionised gas in the Galactic halo and from the ISM within the disk. In this work, we adopted the all-sky Faraday rotation map model from Hutschenreuter et al. (2022) based on ∼55 000 Faraday rotation sources compiled from multiple radio surveys (e.g. LOFAR Two-meter Sky Survey Shimwell et al. 2017 and NRAO VLA Sky Survey Condon et al. 1998 RM catalogue). The map provides a RMMW measurement with associated uncertainty for a given position on the sky. We list the resulting RMMW values for each FRB field in Table 1 (see also Pandhi et al. 2025).
3.2. The intergalactic medium
Due to expected multiple reversals of the intergalactic magnetic field, the RMIGM, arising from the low-density IGM gas tracing the large-scale structure (LSS) of the Universe, is expected to be small relative to other contributing environments (see Eq. 3). The recent LOFAR measurement of ⟨RM⟩≃0.71 ± 0.07 rad m−2 in LSS filaments is consistent with magnetic field of ≃32 nG (e.g. Amaral et al. 2021; Pomakov et al. 2022; Carretti et al. 2022, 2023, and the references within). Given that this RMIGM value is at least 1 − 2 orders of magnitude smaller than the RMobs and RMMW (see Table 1), for the remainder of the paper we assume that the IGM contribution is negligible; i.e. our model adopts
[image: thumbnail](4)
3.3. The foreground halos
In order to estimate the electron density and RM contribution of a given foreground halo intersected by the FRB sight line, we utilised the modified Navarro-Frank-White model (mNFW; Prochaska & Zheng 2019). This model yields a radial density profile ρb(r) of the gas in individual halos given by
[image: thumbnail](5)
where fgas is the fraction of cosmic baryons located in the ionised CGM relative to the total amount of baryons within individual galactic halos; ρ0 is the central density of the halo as a function of halo mass, Mhalo; y ≡ c(r/r200), where c is the concentration parameter; while y0 and α are mNFW model parameters. Here, we adopted the fiducial values y0 = α = 2 from Prochaska & Zheng (2019) while considering fgas as a free parameter. All identified foreground galaxies and groups are illustrated in Figure 2, where we plot the ratio of the halo impact parameter to the corresponding virial radius, r200, as a function of the impact parameter.
The RM[image: equation] contribution of an individual halo in units of rad m−2 is obtained by integrating the density profile ρb(r) given by Eq. (5) as
[image: thumbnail](6)
(e.g., Akahori & Ryu 2011), where e and me are the electric charge and mass of the electron, c is the speed of light, mp is the mass of the proton, μH = 1.3 and μe = 1.167 take into account both hydrogen and helium atoms; r⊥ is the impact parameter of the FRB sight line with respect to the centre of the halo, rmax is the maximum extent of the halo in units of r200, and s is the path that the FRB follows inside a given halo. In what follows, we adopted a fixed rmax ≡ r200 value, similarly to the approach of Khrykin et al. (2024b)2. The term [image: equation] describes the average strength of the total magnetic field in the foreground galactic halos in units of μG, and it is one of the free parameters we considered in this work. In what follows, we assume [image: equation] is constant with respect to r. Furthermore, [image: equation] is multiplied by the cosine of the angle αfg between the direction of the magnetic field vector and line of sight in order to obtain the required parallel component (see Eq. 3). We note that [image: equation] in Eq. (6) is defined in the rest-frame of each foreground halo. We therefore additionally multiplied Eq. (6) by a (1+zhalo)−2 to account for the redshift dilation and convert the result to the observer frame.
In addition, both the stellar mass estimate and the stellar-to-halo mass relation are subjects of considerable uncertainties. Similarly to Khrykin et al. (2024b), we took these uncertainties into account by introducing a random scatter of 0.3 dex to the inferred mass of each halo (see Simha et al. 2021 for more details). For each foreground halo, we constructed a log-normal distribution of its halo mass adopting the corresponding mean and standard deviation values. We then randomly drew N = 1000 realisations of the halo mass from this distribution. Additionally, in order to account for the orientation of the magnetic field, for each draw we randomly chose an angle, αfg, from the uniform distribution 𝒰[0, π] and calculated the corresponding [image: equation] value given by Eq. (6).
An example of the model distribution of [image: equation] values for a single foreground halo located bimpact = 150 kpc away from the FRB 20211212A sight line is illustrated by the histogram in the left panel of Figure 3. It is apparent that the [image: equation] histogram is centred around RM ≃ 0 rad m−2. In the particular case of this foreground halo, for the majority of the halo mass realisations the extent of the halo, r200, is smaller than the corresponding impact parameter of the halo (bimpact = 150 kpc; see Figure 2). Therefore, in the realisations where the sight line does not actually intersect the foreground halo, the resulting RM[image: equation] is effectively zero.
	[image: thumbnail]	Fig. 3. Example of typical distributions of RM values for FRB 20211212A: (left) from the mNFW model of a single foreground galactic halo (see Section 3.3); (middle) from the mNFW model of the corresponding host-galaxy halo (see Section 3.4.1); and (right) from the local environment in the ISM of the host galaxy and/or FRB progenitor (see Section 3.4.2). The positive values of the histograms correspond to the RM values for the case when the line-of-sight component of the magnetic field is aligned with the direction of the FRB sight line (parallel), whereas the negative parts of the histograms, illustrate the case where the line-of-sight component of the magnetic field is directed away from the observer (anti-parallel). The dashed maroon lines show the KDE fit to the resulting RM distributions (see Section 4). Note the different range of RM values in the panels.



3.4. The FRB host galaxy
The contribution from the FRB host galaxies to the observed RMobs remains highly uncertain. Previous studies analysing the FRB RMs did not have information about the foreground large-scale structures (LSS) and galactic halos, attributing all the extragalactic RM (after subtracting the contribution from the Milky Way) to the FRB hosts. Moreover, some previous works assumed that all of the host contribution arises only from the ISM or local FRB environment, ignoring potential contributions from the extended halo of the host galaxy (e.g. Mannings et al. 2023). In this work, we attempted to explicitly model both the halo and local contributions from the FRB hosts, employing the following model:
[image: thumbnail](7)
where [image: equation] describes the contribution from the halo of the FRB host galaxy, and [image: equation] denotes the contribution from the FRB progenitor itself and/or the ISM environment of the host galaxy, in which the progenitor resides. Here, similarly to the foreground galaxies, we rescaled RMhost to the observer frame by a factor of (1+zhost)−2. In what follows, we describe the calculation of each of these terms separately.
3.4.1. The host halo
In order to estimate the [image: equation] for a given FRB in our sample, we followed the discussion in Section 3.3 and similarly adopted the mNFW model. We utilised publicly available estimates of the host stellar masses from Gordon et al. (2023) to describe their halo radial density profiles ρb(r). We then obtained the value of the [image: equation] by integrating ρb(r) using Eq. (6). However, contrary to the [image: equation] case, we assumed that FRB is located inside the disc of the host galaxy and only integrated over the half of the host halo as
[image: thumbnail](8)
where [image: equation] is the the average strength of the total magnetic field in the halos of the FRB hosts in units of μG, and it is another free parameter considered in this work. Similar to discussion in Section 3.3, we assume [image: equation] is constant with respect to location r in the halo. αhh is the angle between the direction of the [image: equation] vector and the line of sight.
We took into account the uncertainty in the halo masses by introducing a random 0.3 dex scatter and performed a Monte Carlo sampling (N = 1000 draws) of the corresponding log-normal distribution of the FRB hosts’ halo masses. Similarly to the [image: equation] calculations in Section 3.3, for each halo mass realisation we drew a value of αhh from the corresponding uniform distribution αhh ∈ 𝒰[0, π] to take into account the orientation of the magnetic field relative to the line of sight. This procedure results in a distribution of [image: equation] values for each host in the sample. An example of such a distribution for the halo of the FRB 20211212A host galaxy is illustrated in the middle panel of Figure 3.
3.4.2. The host ISM/FRB progenitor
To describe the RM associated either with the FRB source itself or with the host galaxy ISM (or both), which we term [image: equation], we utilised the RM-DM relation (Akahori et al. 2016; Pandhi et al. 2022), which after accounting for all the constants is given by (in host rest-frame)
[image: thumbnail](9)
where [image: equation] is the rest-frame dispersion measure in the local FRB environment in units of pc cm−3, the [image: equation] is the average strength of the total magnetic field associated with ISM/progenitor in units of μG, and αhl is the angle between the direction of the [image: equation] vector and the line of sight. In what follows, we consider [image: equation] as another free parameter in our model.
Recently, the analysis of the FLIMFLAM DR1 (Khrykin et al. 2024b; Huang et al. 2025) yielded the first ever published direct estimate of [image: equation] (DM contribution from the FRB progenitor and/or host ISM), inferring an average contribution of DM[image: equation] pc cm−3. We adopted these findings and drew N = 1000 realisations of [image: equation] from the corresponding 1D posterior PDF from Khrykin et al. (2024b). Similarly to what is highlighted in the discussion in Sections 3.3 and 3.4.1, we sampled the uniform distribution αhl ∈ 𝒰[0, π] in order to take into account the orientation of the [image: equation] vector relative to the FRB sight line. The resulting [image: equation] distribution for FRB 20211212A, calculated using Eq. (9), is illustrated by the histogram in the right hand panel of Figure 3.
4. Statistical inference
In order to estimate the set of model parameters [image: equation] and associated uncertainties, we adopted a Bayesian inference formalism. Therefore, first, we need to define the Bayesian likelihood function ℒFRB(RMobs, i|Θ) for the observed RMobs, i given Θ for each ith FRB in the sample.
4.1. The likelihood function
We began by constructing a grid of parameter values on which the likelihood will be estimated. For fgas, we adopted a range of fgas = [0.01, 1.0] with the step Δ = 0.1. Further, we assumed the same range for the strength of the magnetic field in three environments [image: equation]G with step Δ = 0.5 μG.
Having defined the parameter grid, we obtain the values of the likelihood function, ℒFRB(RMobs, i|Θ), for a single ith FRB at each point of the parameter grid following the algorithm from Khrykin et al. (2021) as follows.

	
Given the [image: equation] and [image: equation] values in Θ, we calculated the corresponding distributions of RM[image: equation] and RM[image: equation], respectively (see Sections 3.3 and 3.4.1). Note that for each foreground or FRB host halo, we performed a new random draw from the corresponding uniform distribution describing the orientation angles of a given magnetic field vector. We fitted each of these distributions with a kernel density estimator (KDE; maroon dashed lines in the left hand and middle panels of Figure 3) and then resampled them by randomly drawing N = 2000 realisations of [image: equation] and [image: equation] values.



	
Given the value of [image: equation] and assuming the FLIMFLAM estimates of [image: equation] we calculated a distribution of RM[image: equation] values following Eq. (9). Similarly, to the previous step (1), we fitted the resulting distribution with the KDE (dashed maroon line in the right hand panel of Figure 3) and randomly drew N = 2000 values of [image: equation].



	
Given the value of RMMW,i and the associated 1σ uncertainty (see Table 1), we constructed a corresponding Gaussian distribution from which we randomly drew N = 2000 realisations of RMMW.



	
We calculated the joint distribution of RMmodel, i values given by Eq. (3) by adding together N = 2000 RM samples obtained through steps (1)–(3). An example of such a joint RMmodel, i distribution for a single realisation of Θ for FRB 20211212A is shown by the histogram in Figure 4.



	
We applied the KDE to the resulting joint RMmodel, i distribution to find its continuous probability-density function (PDF; see dashed maroon line in Figure 4). Finally, we estimated the value of the likelihood function by evaluating the resulting total KDE PDF at the observed value of the RMobs, i for a given FRB (see Table 1 and vertical magenta line in Figure 4).



	
We repeated steps (1)–(5) for each combination of model parameters, Θ.




	[image: thumbnail]	Fig. 4. Resulting distribution of RMmodel values given by Eq. (3), estimated by combining contributions from each environment along the FRB sight line (see Section 3 and Figure 3 for details). The vertical dashed magenta line illustrates the value of the RMobs for FRB 20211212A, while the horizontal magenta dotted line shows the value of the corresponding log-likelihood value (logℒFRB = −6.41) evaluated from the KDE fit to the RMmodel distribution at the value of RMobs, given the combination of model parameters Θ (see discussion in Section 4 for more details).



This procedure results in N = NfgasNB3 = 758131 determinations of the likelihood function ℒFRB(RMobs, i|Θ) evaluated on [image: equation] parameter grid for each FRB in the sample. Next, we obtained a joint-likelihood function for the entire sample by taking the product of the individual (independent) likelihood functions:
[image: thumbnail](10)
where NFRB = 14 is the number of FRBs in our sample (see Table 1).
Finally, we interpolated ℒjoint given by Eq. (10) for any arbitrary combination of parameter values that lie between the grid points of the parameter space.
4.2. The priors
As in any Bayesian inference, it is important to be explicit about the adopted priors π on our model parameters, which we define hereafter. First, given the lack of observational information, we adopted a flat, uniform, non-informative prior on the fraction of cosmic baryons in the galactic halos; fgas, i.e., π(fgas) = (0, 1]. Similarly, we used a flat uniform prior for each of the magnetic fields, [image: equation]G (e.g. Beck & Wielebinski 2013). Moreover, given the difference in the densities in the halos and the ISM environment of the galaxies, we set the following extra condition: [image: equation] (and, analogously, [image: equation]). This is consistent with the expectations from magneto-hydrodynamic simulations (e.g. Ramesh et al. 2023).
In addition, following Khrykin et al. (2024b) we adopted a prior to the total budget of cosmic baryons in the diffuse states outside of the individual galaxies, fd, as
[image: thumbnail](11)
where figm is the fraction of cosmic baryons residing in the diffuse IGM gas, ficm is the fraction of cosmic baryons inside the intracluster medium (ICM) of galaxy clusters with Mhalo ≥ 1014 M⊙, while fcgm is the cosmic baryon fraction in all the halos at Mhalo < 1014 M⊙; in contrast to fgas, which represents the average fraction of the ionised CGM baryons in the individual halos, fcgm represents the fraction of baryons integrated over all CGMs in the Universe. We followed the discussion of Macquart et al. (2020) to estimate fd(z), and we refer the interested reader to the full description provided by Khrykin et al. (2024b). Given the uncertainties in the stellar IMF, evaluating fd(z) at the mean redshift of our FRB sample, ⟨zsample⟩≃0.27, yields fd(z = 0.27)≃0.86 ± 0.02.
In the following, we assumed figm = 0.59 ± 0.10, which is the value found in the FLIMFLAM DR1 analysis by Khrykin et al. (2024b). Following the approach in that work, we calculated the look-up conversion table between fgas and fcgm by integrating the Aemulus halo mass function (McClintock et al. 2019) over the mass range of the halos in our sample, 10 ≲ log10(Mhalo/M⊙)≲13.1 (this includes both foreground and FRB host halos). A similar conversion is adopted between [image: equation] and ficm assuming Mhalo ≥ 1014 M⊙ and [image: equation], which is consistent with measurements of gas in galaxy clusters (Gonzalez et al. 2013; Chiu et al. 2018).
Additionally, we note that our sample of foreground (see Figure 2) and FRB hosts’ halos does not cover the full range of halo masses below the cluster mass limit of Mhalo ≃ 1014 M⊙. Therefore, we split fcgm into [image: equation], representing the halo mass range of our sample, and [image: equation] corresponding to the halo mass range of 13.1 ≤ log10(Mhalo/M⊙) < 14.0 not covered by our data. Consequently, at each step of the MCMC inference, the proposed value of fgas is converted to [image: equation] using the precomputed lookup table. For the non-cluster halo mass range not covered by our data, we randomly picked a value of fgas for these halos from the uniform distribution 𝒰(0, 1] and converted into the corresponding [image: equation] fraction also adopting the Aemulus halo mass function. These terms, together with the mean value of ficm, are then compared to the range of fd(z) in Eq. (11), yielding the following prior:
[image: thumbnail](12)
where σtot takes into account the corresponding uncertainties in fd, figm, and ficm, and is given by
[image: thumbnail](13)
4.3. Inference results
Given the expression for the joint-likelihood function described in Section 4.1 and the choice of priors in Section 4.2, we proceeded to sample this ℒjoint. We adopted the publicly available affine-invariant MCMC sampling algorithm EMCEE by Foreman-Mackey et al. (2013) to obtain the posterior probability distributions for our model parameters.
The resulting posterior PDFs of the four model parameters [image: equation] are illustrated in Figure 5, where the orange (blue) contours correspond to the 68% (95%) confidence intervals (CIs), whereas the marginalised 1D posterior PDFs for each of the model parameters are shown in the diagonal top panels. It is apparent upon inspection of the marginalised posterior PDF that, for some of the considered model parameters, we can only place upper limits, whereas for the others we are able to make a measurement. In order to distinguish between these two cases, we adopted the following criterion. If the peak of the posterior PDF is significantly larger than the posterior PDF values at the edges of the corresponding parameter range, then we classified it as a measurement. We then quoted the median 50th percentile of the marginalised posterior distributions as the measured values, while the corresponding uncertainties are estimated from the 16th and 84th percentiles, respectively. On the other hand, if the above criterion was not met, we reported an upper limit by quoting the 84th percentile (effectively 1σ) of the posterior PDF for a given parameter.
	[image: thumbnail]	Fig. 5. MCMC inference result for sample of 14 FRBs in our dataset (see Table 1). The orange (blue) contours correspond to the inferred 68% (95%) confidence intervals. The diagonal panels show the corresponding marginalised 1D posterior probabilities of the model parameters.



Given our choice of priors in Section 4.2, we estimated the average strength of the magnetic field inside the ISM and/or FRB progenitor to be [image: equation]G. On the other hand, we were only able to place an upper limit on the average strength of the magnetic field in the FRB host halos because the [image: equation]G has a significant posterior probability. Our inference yields [image: equation]G. Similarly, we placed an upper limit on the average strength of the magnetic field in foreground halos, [image: equation]G. Finally, we inferred the fraction of cosmic baryons inside individual galactic halos to be [image: equation]. Following the discussion in Section 4.2 (see Khrykin et al. 2024a, for more details), this implies that a fraction [image: equation] of cosmic baryons reside inside the CGM of the 10 ≲ log10(Mhalo/M⊙) ≲ 13.1 halos.
We present a validation of the accuracy of our inference procedure based on mock FRB experiments in Appendix A, to which we refer the interested reader.
5. Discussion
We now examine how the results of the inference depend on the assumed choice of priors, and discuss our findings in a broader context of previous extragalactic B∥ measurements.
5.1. Effect of the IGM baryon fraction
In our analysis, we explicitly assume that IGM contribution to the RMobs is negligible and do not consider figm as a free parameter in our model (see discussion in Section 3.2). Nevertheless, we needed to adopt a value of figm as part of the prior for our inference algorithm. However, there is a certain degree of degeneracy between figm and fgas, set by the fd(z) prior (see Eq. 11), with the uncertainty due to the fact that the exact partition of the cosmic baryons between the diffuse gas in the IGM and the ionised CGM remains uncertain. Recent FRB studies have produced a mild 1σ tension in the inferred figm fractions. Khrykin et al. (2024b) presented the first results of the FLIMFLAM survey, which utilises a density reconstruction algorithm to constrain the LSS distribution in the foreground of 8 localized FRBs. Their analysis yielded figm = 0.59 ± 0.10, mildly disfavouring strong AGN feedback (Khrykin et al. 2024a). On the other hand, Connor et al. (2025) calibrated the observed DM distribution of 69 localised FRBs (but without information on the foreground halos) to the TNG 300 hydrodynamical simulations. They found [image: equation] (see also Hussaini et al. 2025), pointing to stronger feedback. In general, this discrepancy in the inferred figm values might affect the accuracy of our inference (i.e. a systematic effect). In order to quantify the significance of the figm constraint on the inference results, we repeated our MCMC analysis described in Section 4, but with different values of the mean figm fraction adopted in the fd(z) prior (see Section 4.2). The resulting 1D marginalised posterior distributions of the model parameters Θ are illustrated in Figure 6, where we show inference results for adopted ⟨figm⟩ = 0.6 (blue), ⟨figm⟩ = 0.8 (orange), and the intermediate case ⟨figm⟩ = 0.7 (green). In addition, we also show the MCMC results without fd(z) prior (red curves).
	[image: thumbnail]	Fig. 6. 1D marginalised posterior probability distributions of model parameters considered in this work, estimated with different values of ⟨figm⟩ adopted for the fd(z) prior (see Section 4.2). The fiducial model with ⟨figm⟩ = 0.60 is shown by the blue curves.



It is apparent from Figure 6, that the choice of ⟨figm⟩ value significantly affects the resulting constraints on fgas. Indeed, for ⟨figm⟩ = 0.8, we estimate fgas ≲ 0.22 ([image: equation]), which is at least ≃2 times lower than in our fiducial case with ⟨figm⟩ = 0.6; i.e. [image: equation]. This behaviour is expected given the functional form of the fd(z) prior described in Eq. (11), in which figm and fgas are approximately complements of each other. Interestingly, the choice of ⟨figm⟩ does not substantially change the constraints on the [image: equation] and [image: equation], which are illustrated in the middle panels of Figure 6. Both of these quantities are linearly correlated with fgas, given by Eqs. (6) and (8). Nevertheless, we observe that even large changes in ⟨figm⟩ and the correspondingly inferred fgas imply inferences for [image: equation] between [image: equation]G (⟨figm⟩ = 0.6) and [image: equation]G (⟨figm⟩ = 0.8), and that [image: equation] and [image: equation] remain mostly unaffected. This is expected given that the magnetic field associated with the ISM of the host galaxy or FRB progenitor does not depend on the diffuse cosmic baryons (see Eq. 9).
According to the results illustrated in Figure 6, improving constraints on figm will be crucial for obtaining the precise measurement on fgas, and therefore for constraining the galactic feedback models (Ayromlou et al. 2023; Khrykin et al. 2024a; Medlock et al. 2024; Connor et al. 2025; Leung et al. 2025). The upcoming FLIMFLAM DR2 (Simha et al., in prep.) will incorporate the analysis of ≈25 localised FRBs with the mapping of foreground structures, which should be enough to bring the figm uncertainty down to the ≈5% level. Additionally, we note that throughout this work we adopted a single fgas parameter to describe the cosmic baryon fraction in all individual halos within a mass range of 10 ≲ log10(Mhalo/M⊙) ≲ 13.1, which our data constrain. However, hydrodynamic simulations indicate that fgas is not only sensitive to the feedback prescriptions, but it is also a function of the halo mass (Khrykin et al. 2024a). The FLIMFLAM-like inference would require NFRB ≃ 300 to distinguish between the fgas fractions in different halo mass bins of the ≈10% level (Huang et al. 2025). The analysis presented in this work suggests that utilizing the RM information alone or in conjunction with FRB DMs and the LSS density reconstructions can dramatically reduce the number of FRBs required to make similar precision predictions on the fgas parameter as a function of halo mass. We will explore this in future work.
In addition, a recent analysis by Zhang et al. (2025) provides an independent estimate of the cosmic baryon fraction in the CGM using the CROCODILE cosmological simulation (Oku & Nagamine 2024) with varying feedback models. They evaluated figm and fcgm through two complementary approaches. First, by directly measuring the CGM mass within halos in their fiducial run, adopting rmax = r200 and a halo mass range of 10.5 ≲ log10(Mhalo/M⊙)≲15.5, they report fcgm ≈ 0.11 − 0.16 at z ≃ 0.28. This total can be broken down into fcgm ≈ 0.07 − 0.08 from halos with log10(Mhalo/M⊙) = [10.5, 13.1] and fcgm ≈ 0.09 from halos with log10(Mhalo/M⊙) = [13.1, 15.5], corresponding to [image: equation] and [image: equation] in our notation. Notably, despite their lower number density, the more massive halos contribute disproportionately to fcgm, owing to their larger gas reservoirs. Second, they derive a semi-analytic estimate of the statistically averaged intersection fraction using projected density profiles from the simulations. Applying their Eq. (24) yields [image: equation] from halos with log10(Mhalo/M⊙) = [10.5, 13.1], and again [image: equation] in halos with log10(Mhalo/M⊙) = [13.1, 15.5].
These simulation-based values are somewhat smaller than, though consistent within uncertainties with, our fiducial inference of [image: equation] for 10 ≲ log10(Mhalo/M⊙)≲13.1 at ⟨z⟩≃0.27 (see Section 4.3). This correspondence between two independent approaches – one with forward modelling of the RM using foreground halo catalogues, and the other direct integration of simulation density profiles – provides a valuable cross-check and highlights the utility of such comparisons for constraining feedback models in the future.
5.2. Magnetic fields in galactic environments at 0.1 ≲ z ≲ 1.0
From our study of 14 FRBs, we found that the average strength of the total magnetic fields in the CGM and ISM/FRB progenitor is B ≲ 6.5 μG. In what follows, we want to place these estimate in the context of previous extragalactic measurements in the late-time Universe. To do this, we converted our results to measurements of B∥ by drawing samples from the MCMC marginalised posterior PDFs and randomly chose the orientation angle of the magnetic field vectors from the corresponding uniform distributions:
[image: thumbnail](14)
where i index denotes a given environment probed by our sample (i.e. foreground halos, halos, and local ISM environment of the FRB hosts). Applying Eq. (14) to the MCMC chains yields ≈4000 realisations of B∥ for each of the magnetic fields we considered in this work. We estimated [image: equation]G, [image: equation]G, and [image: equation]G, respectively. Because our inference yielded constraints on the magnetic field strength associated both with the CGM of galaxies and the ISM (and/or FRB progenitors), we compared our results with those of the previous works based on a variety of techniques separately.
The majority of the CGM constraints come from the analysis of radio-polarisation measurements towards high-z quasars that present strong intervening Mg II absorbers (associated with galactic halos; e.g. Bernet et al. 2008; Farnes et al. 2014; Malik et al. 2020; Burman et al. 2024). Another approach is to correlate the observed RMobs with the distribution of the foreground galaxies (e.g. Lan & Prochaska 2020; Heesen et al. 2023). An alternative method to estimate B∥ is to use FRB sight lines that happen to pass through individual known foreground halos (pioneered by Prochaska et al. 2019) or via the lensing of a source’s polarised emission in the ISM/halo of a foreground galaxy (Mao et al. 2017; Kovacs et al. 2025). Figure 7 presents a compilation of these measurements. It is apparent from the left panel of Figure 7 that our measurements are in good agreement with previous estimates. We note that Prochaska et al. (2019) reported an upper limit that is marginally consistent with our measurement. Moreover, we conclude that foreground or FRB host halos might contribute (on average) a non-negligible amount of RM (thus far usually neglected) and must be taken into account when analysing future observed RMobs of the FRBs.
	[image: thumbnail]	Fig. 7. Comparison of B∥ measurements in CGM halos obtained (left panel) and in galactic ISM (right panel), in this (star symbols) and various previous (circles) works. We place [image: equation] and [image: equation] estimates at the average redshift of the analysed FRB sample (see Table 1), whereas the [image: equation] is placed at the mean redshift of the sample of foreground halos. The horizontal error bars represent the redshift ranges of the corresponding samples.



In the right panel of Figure 7, we compare our [image: equation] estimate to previous constraints on the magnetic field in the ISM of FRB hosts (Mannings et al. 2023; Sherman et al. 2023) and galaxy discs (Mao et al. 2017). The grey circles show the results obtained by Mannings et al. (2023) from the analysis of eight FRB sight lines. Similarly, the orange circles show the B∥ measurements from the subsample of nine DSA-110 FRBs from Sherman et al. (2023). In addition to plotting the individual measurements, we also calculated and report the average B∥ and a corresponding uncertainty for these two samples, and we illustrate the resulting quantities via the grey and orange triangle markers, respectively. When calculating the average of the Mannings et al. (2023) sample, we excluded the B∥ estimate for FRB 20121102A (|B∥|≃777 ± 366 μG) as a clear outlier, most likely dominated by the immediate environment to the FRB. The average redshift values of Mannings et al. (2023) and Sherman et al. (2023) samples are ⟨z⟩ = 0.2023 and ⟨z⟩ = 0.2739, respectively, whereas ours is ⟨z⟩ = 0.2732. We therefore artificially shifted the corresponding orange triangle by Δz = 0.035 in the figure for the sake of clarity. Finally, we also show the results of the RM analysis of the individual lensed galaxy from Mao et al. (2017). Upon inspection of the right panel of Figure 7, it is apparent that we find B∥ values comparable with the average estimates from previous works. We note, however, that both of the previous works that analysed FRB RMs did not have information about the foreground halos and attributed all the RMeg to the contribution from the local environment in the FRB host galaxies. The fact that [image: equation], [image: equation], and [image: equation] are all of the same order of magnitude implies that all these components must be taken into account in the RMobs.
We remind the reader that our inferences are by construction average B (or average B∥), and thus deviations from these are expected for individual cases. Based on this reasoning, a possible explanation for the apparent peak in B∥ at z ∼ 0.2 (see Figure 1) seen in the combined samples of Mannings et al. (2023) and Sherman et al. (2023) could most likely be attributed to individual excesses of [image: equation] rather than [image: equation] given that much larger density variations are expected (due to geometrical effects). Moreover, within the [image: equation] contributions of the ISM and/or local environment of the FRBs, we deem the latter to be the most likely to be responsible for outliers (including the possible peak at z ∼ 0.2). This hypothesis can be tested with an analysis of magnetic fields from larger samples of FRBs. Additional constraints on [image: equation] will also be paramount for establishing the origin of the FRB phenomenon.
Finally, we note that our analysis is agnostic with regard to magnetic field reversals in different galactic environments traversed by the FRB sight lines. While this effectively assumes the uniformity of magnetic fields at different galactic scales, given the current limited data sample we opted not to explicitly model it. A more realistic scenario of entangled fields would result in a factor of [image: equation] amplification of the inferred B values, where N is the number of reversals in a given medium. We leave a more refined consideration of magnetic field correlation lengths and field reversals to future work.
6. Conclusions
We analysed a sample of RMs from Nfrb = 14 FRBs in the 0.05 ≲ zfrb ≲ 0.5 redshift range and correlated it with spectroscopic information about the foreground galactic halos, intersected by the FRB sight lines. We developed a novel Bayesian inference formalism that allows the inferring of the total strength of the magnetic fields present in various galactic environments traversed by the FRB sight lines. The main results of our work are summarised as listed below.

	
For the first time, we successfully disentangled and measured the magnetic field both in the halos and ISM/progenitor environment of the FRB host galaxies. Given our fiducial set of priors, we estimate that, on average, the strength of the magnetic field in the FRB host ISM and/or the FRB progenitor is [image: equation]G, whereas we place an upper limit on the magnetic field associated with the FRB host halos [image: equation]G.



	
In addition, we estimate an upper limit on the magnetic field in the halos of the foreground galaxies and groups; our analysis yielded [image: equation]G, which is comparable to the value estimated for the halos of the FRB host galaxies. We note that for a current dataset we cannot exclude the possibility of [image: equation]G or [image: equation]G on a 2σ level.



	
We find that our constraints are in good agreement with previous estimates of the strength of the parallel component of the magnetic field in the CGM of galaxies, as well as in the ISM environment. We stress that future attempts to measure the magnetic field using FRBs must consider the contribution from the foreground halos.



	
Adopting the mNFW model to describe the radial density profile of the halos of both foreground and FRB host galaxies, we estimated the average fraction of halo baryons inside the ionised CGM of individual galaxies to be [image: equation]. This corresponds to the fraction of cosmic baryons [image: equation] inside the 10.0 ≲ log10(Mhalo/M⊙)≲13.1 halos.



	
Our estimates for magnetic fields in the halos of foreground and FRB host galaxies, as well as in the host ISM and/or FRB progenitor environment, are largely unaffected by the average figm value adopted in the fd(z) prior (see Section 4.2). On the other hand, the constraint on fgas is degenerate with the figm measurement (see discussion in Section 5.1).




The results of this work emphasise the significance of the spectroscopic information regarding the foreground structures traversed by the FRB for placing accurate constraints on both cosmological and astrophysical parameters. Multiplex instruments such as MUSE (Bacon et al. 2010), 4MOST (de Jong et al. 2019), and DESI (Levi et al. 2013) will play a crucial role in interpreting DM and RM information from a surging number of FRB detections owing to increasing capabilities of the ASKAP/CRAFT (Macquart et al. 2010; Shannon et al. 2025), CHIME/VLBI (Andrew et al. 2025), CHIME/FRB Outriggers (Lanman et al. 2024; CHIME/FRB Collaboration 2025), and MeerKAT TRAnsients and Pulsars (MeerTrap; Sanidas et al. 2018; Rajwade et al. 2024), as well as, DSA-110 (Ravi et al. 2023) and commissioning of the DSA-2000 (Hallinan et al. 2019). These new data will allow the probing and characterisation of the properties of the magnetic fields in and out of galaxies up to redshift z ∼ 1 and beyond.
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2 In principle, rmax should also be included as another free parameter (see Prochaska & Zheng 2019; Simha et al. 2020; Lee et al. 2023). However, we tested the model using rmax = 2 × r200 and did not find significant differences in the results. Therefore, in this work, we adopted a fixed truncation radius and will explore a more sophisticated parametrisation in the future.




Appendix A:  Inference test on the mock datasets
In order to test the accuracy of our inference algorithm described in Section 4, we apply it to the mock FRB sample. In what follows, we briefly outline the algorithm to generate mock FRB samples and the inference results.
Table A.1. 
Inference test results for different combinations of the input true model parameters Θ.

First, we randomly draw redshifts for N = 14 mock FRB host galaxies from the corresponding uniform distribution 𝒰[zmin,zmax], where the redshift range is defined to be similar to that of our dataset in Table 1. Second, for each mock FRB galaxy in the sample we assign halo masses by sampling the corresponding uniform distribution [image: equation], where the halo mass range is given by the minimum and maximum halo masses in the dataset. Finally, for each mock FRB we create catalogues of the foreground halos. We begin by assigning the number of foreground halos per sightline. To do so we sample the uniform distribution [image: equation], where [image: equation] and [image: equation] are given by the number of foreground halos per sightline in the dataset (see Figure 2). Then, each ith foreground halo along the jth FRB sightline is assigned a redshift [image: equation], impact parameter from the FRB sightline [image: equation], and halo mass [image: equation]
[image: thumbnail](A.1)
where the boundaries of the intervals on which the uniform distributions are defined, are chosen to represent the observed dataset. We then assume a set of true model parameters [image: equation], and estimate the corresponding mock RMobs given by eq. (3) for each mock FRB sightline. We also include an observational uncertainty by randomly sampling the Gaussian with σ = 2 rad m−2 and adding this error to the resulting mock RMobs values.
Utilizing the catalogues of the foreground halos, and RMobs of each mock FRB in the sample, we then proceed to calculate the joint likelihood of the mock sample, following the discussion in Section 4.1, and sample it with the MCMC algorithm. The resulting posterior PDFs are illustrated in Figure A.1, where the orange (blue) contours correspond to the 68% (95%) confidence intervals (CI), whereas the marginalized posterior PDFs for each of the model parameters are shown in the diagonal panels. The true values of the model parameters are illustrated by the dots in each panel of Figure A.1. Similar to the discussion in Section 4.3, if the maximum of a given 1D marginalized posterior PDF is at least four times larger than the larger of the two posterior PDF values at the edges of the corresponding parameter range, then we quote the 50th percentile of the marginalized posterior distributions as the measured values, while the corresponding uncertainties are estimated from the 16th and 84th percentiles, respectively. On the other hand, if the above criterion is not met, we report an upper limit by quoting the 84th percentile of the posterior PDF for a given parameter.
It is apparent from the inference results in Figure A.1, that our algorithm successfully recovers the input true values of the model parameters. However, to further verify the robustness of this result, we perform an inference test. We repeat the analysis for N = 100 different random realizations of the mock FRB sample, keeping Θ the same. Then, we calculate how often the true values of the model parameters fall inside the 68% and 95% CIs of the inferred posterior distributions, i.e., p(∈68%) and p(∈95%), respectively. For the analysis to be robust, the fraction of realizations inside each of the CI should be close to the probability level of the corresponding CI. We find p(∈68%) = 62% and p(∈95%) = 97%, respectively. Therefore, because these probabilities are so close to the nominal probabilities of the corresponding CIs, we conclude that our algorithm is indeed robust. Moreover, we test different realizations of Θ as well, finding similar probability values. The results are summarized in Table A.1.
	[image: thumbnail]	Fig. A.1. MCMC inference result for one realization of the mock sample of 14 FRBs in M02 model (see Table A.1). The red (blue) contours correspond to the inferred 68% (95%) confidence intervals. The diagonal panels show the corresponding marginalized 1D posterior probabilities of the model parameters. The black dots with dashed lines illustrate the input true values of the model parameters.
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In the text



	[image: thumbnail]	Fig. 5. MCMC inference result for sample of 14 FRBs in our dataset (see Table 1). The orange (blue) contours correspond to the inferred 68% (95%) confidence intervals. The diagonal panels show the corresponding marginalised 1D posterior probabilities of the model parameters.
In the text



	[image: thumbnail]	Fig. 6. 1D marginalised posterior probability distributions of model parameters considered in this work, estimated with different values of ⟨figm⟩ adopted for the fd(z) prior (see Section 4.2). The fiducial model with ⟨figm⟩ = 0.60 is shown by the blue curves.
In the text



	[image: thumbnail]	Fig. 7. Comparison of B∥ measurements in CGM halos obtained (left panel) and in galactic ISM (right panel), in this (star symbols) and various previous (circles) works. We place [image: equation] and [image: equation] estimates at the average redshift of the analysed FRB sample (see Table 1), whereas the [image: equation] is placed at the mean redshift of the sample of foreground halos. The horizontal error bars represent the redshift ranges of the corresponding samples.
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        Left: Distribution of absolute values of RMeg as a function of FRB redshift in observer frame. The black dots show the FRB sample analysed in this work, whereas the grey triangles are the DSA-110 subsample taken from Sherman et al. (2023) and the blue diamonds illustrate the FRBs from the Mannings et al. (2023) sample, which are not part of this work. Right: Distribution of RMeg values in rest-frame of FRB hosts as a function of the corresponding [image: equation] and [image: equation] values from Bernales-Cortes et al. (2025) (only for sources for which corresponding MUSE data are available).

      

    

  
    
      Table 1. 

      Sample of 14 FRBs analysed in this work.

      
        


	FRB ID
	RA
	Dec
	Redshift
	DMobsb
	RMobsc
	RMMWd
	Source of Narrow-field Data



	
	deg
	deg
	
	pc cm−3
	rad m−2
	rad m−2
	





	FRB 20211127Ia
	199.8087
	−18.8380
	0.0469
	234.8
	−67.0 ± 1.0
	−2.9 ± 6.2
	2dF-AAOmega, 6dF



	FRB 20211212Aa
	157.3507
	+01.3605
	0.0707
	206.0
	+21.0 ± 7.0
	+6.0 ± 5.7
	2dF-AAOmega



	FRB 20190608Ba
	334.0199
	−07.8983
	0.1178
	338.7
	+353.0 ± 1.0
	−24.4 ± 13.3
	SDSS, KCWI, MUSE



	FRB 20200430Aa
	229.7064
	+12.3768
	0.1610
	380.0
	−195.3 ± 0.7
	+14.5 ± 7.0
	LRIS, DEIMOS, MUSE



	FRB 20210117A
	339.9795
	−16.1515
	0.2145
	729.2
	−45.8 ± 0.7
	+3.3 ± 9.2
	MUSE



	FRB 20191001Aa
	323.3513
	−54.7477
	0.2340
	506.9
	+51.1 ± 0.4
	+23.5 ± 4.3
	2dF-AAOmega, MUSE



	FRB 20210320C
	204.4608
	−16.1227
	0.2797
	384.6
	+288.8 ± 0.2
	−2.8 ± 5.7
	MUSE



	FRB 20190102C
	322.4157
	−79.4757
	0.2912
	363.6
	−106.1 ± 0.9
	+26.6 ± 7.7
	MUSE



	FRB 20180924Ba
	326.1052
	−40.9000
	0.3212
	362.2
	+17.3 ± 0.8
	+16.5 ± 5.0
	2dF-AAOmega, MUSE



	FRB 20211203C
	204.5624
	−31.3803
	0.3439
	635.0
	+34.3 ± 1.2
	−29.2 ± 9.1
	MUSE



	FRB 20200906Aa
	53.4962
	−14.0832
	0.3688
	577.8
	+75.4 ± 0.1
	+30.3 ± 19.8
	LRIS, DEIMOS, MUSE



	FRB 20190611B
	320.7456
	−79.3976
	0.3778
	321.4
	+17.0 ± 3.0
	+29.0 ± 10.8
	MUSE



	FRB 20181112A
	327.3485
	−52.9709
	0.4755
	589.3
	+10.5 ± 0.4
	+16.2 ± 5.9
	MUSE



	FRB 20190711A
	329.4192
	−80.3580
	0.5220
	591.6
	+4.0 ± 1.0
	+19.4 ± 6.5
	MUSE





      

      
Notes. From left to right, columns show full FRB name in TNS standard, right ascension, declination, FRB redshift, observed dispersion and rotation measures, total contribution to the rotation measure from the Milky Way (halo and ISM), and instrument or survey used to collect narrow-field spectroscopic information of foreground galaxies.

a Part of the FLIMFLAM DR1 (Khrykin et al. 2024b; Huang et al. 2025).


b DM measurements adopted from Bannister et al. (2019), Macquart et al. (2020), Heintz et al. (2020), Bhandari et al. (2020).


c RM measurements adopted from Scott et al. (2025).


d Milky Way RM contributions adopted from Hutschenreuter et al. (2022).




    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Impact parameter bimpact of identified foreground halos with respect to their virial radius, r200, along each FRB sight line, plotted as a function of the impact parameter. The colour map illustrates the mean mass of the halos, whereas the associated uncertainty is propagated into the error bars on their corresponding r200. The dashed line illustrates the maximum distance, bimpact = r200, at which a foreground halo can be intersected by the FRB sight line and potentially contribute to RMobs if a halo extends to 1 virial radius, r200. In addition, we also show the case where the halos extend to two virial radii, 2 × r200, with the dash-dotted lines.

      

    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Example of typical distributions of RM values for FRB 20211212A: (left) from the mNFW model of a single foreground galactic halo (see Section 3.3); (middle) from the mNFW model of the corresponding host-galaxy halo (see Section 3.4.1); and (right) from the local environment in the ISM of the host galaxy and/or FRB progenitor (see Section 3.4.2). The positive values of the histograms correspond to the RM values for the case when the line-of-sight component of the magnetic field is aligned with the direction of the FRB sight line (parallel), whereas the negative parts of the histograms, illustrate the case where the line-of-sight component of the magnetic field is directed away from the observer (anti-parallel). The dashed maroon lines show the KDE fit to the resulting RM distributions (see Section 4). Note the different range of RM values in the panels.

      

    

  
    
      Fig. 4. 
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        Resulting distribution of RMmodel values given by Eq. (3), estimated by combining contributions from each environment along the FRB sight line (see Section 3 and Figure 3 for details). The vertical dashed magenta line illustrates the value of the RMobs for FRB 20211212A, while the horizontal magenta dotted line shows the value of the corresponding log-likelihood value (logℒFRB = −6.41) evaluated from the KDE fit to the RMmodel distribution at the value of RMobs, given the combination of model parameters Θ (see discussion in Section 4 for more details).

      

    

  
    
      Fig. 5. 
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        MCMC inference result for sample of 14 FRBs in our dataset (see Table 1). The orange (blue) contours correspond to the inferred 68% (95%) confidence intervals. The diagonal panels show the corresponding marginalised 1D posterior probabilities of the model parameters.

      

    

  
    
      Fig. 6. 
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        1D marginalised posterior probability distributions of model parameters considered in this work, estimated with different values of ⟨figm⟩ adopted for the fd(z) prior (see Section 4.2). The fiducial model with ⟨figm⟩ = 0.60 is shown by the blue curves.

      

    

  
    
      Fig. 7. 
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        Comparison of B∥ measurements in CGM halos obtained (left panel) and in galactic ISM (right panel), in this (star symbols) and various previous (circles) works. We place [image: equation] and [image: equation] estimates at the average redshift of the analysed FRB sample (see Table 1), whereas the [image: equation] is placed at the mean redshift of the sample of foreground halos. The horizontal error bars represent the redshift ranges of the corresponding samples.

      

    

  
    
      Table A.1. 

      Inference test results for different combinations of the input true model parameters Θ.

      
        


	ID
	fgas
	[image: equation]
	[image: equation]
	[image: equation]
	p(∈68%)
	p(∈95%)



	
	
	μG
	μG
	μG
	
	





	M01
	0.4
	2.0
	3.0
	6.0
	75%
	97%



	M02
	0.7
	2.0
	3.0
	6.0
	62%
	97%



	




	M03
	0.4
	0.0
	5.0
	10.0
	77%
	96%



	M04
	0.4
	3.0
	2.0
	6.0
	76%
	95%





      

    

  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
        MCMC inference result for one realization of the mock sample of 14 FRBs in M02 model (see Table A.1). The red (blue) contours correspond to the inferred 68% (95%) confidence intervals. The diagonal panels show the corresponding marginalized 1D posterior probabilities of the model parameters. The black dots with dashed lines illustrate the input true values of the model parameters.
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