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Abstract

Large-scale magnetic fields in galaxy clusters can influence their physics and the evolution of cluster-embedded galaxies. These properties remain poorly constrained due to a historical lack of high-sensitivity and high-resolution spectropolarimetric data. Thanks to the advent of the Square Kilometre Array pathfinders and precursors, this situation is now dramatically changing. Using the densest rotation measure (RM) grid produced to date from broadband spectropolarimetric data within the MeerKAT Fornax Survey (508 sources over 6.35 deg2; presented in a previous paper), we aim to study the Fornax cluster’s magnetic field in detail. We compared the RM grid properties with numerical simulations to constrain the strength and the structure of the intracluster magnetic field. We modelled the magnetic field power spectrum with a power law, and find a slope of 2.7[image: Mathematical equation: $ ^{+0.2}_{-0.4} $], fluctuating between minimum and a maximum scales of 1.01[image: Mathematical equation: $ ^{+0.01}_{-0.02} $] and 15[image: Mathematical equation: $ ^{+9}_{-2} $] kpc, respectively. It has a central strength of 5.0[image: Mathematical equation: $ ^{+0.3}_{-0.4} $] μG, decreasing with the thermal plasma density according to a power–law exponent [image: Mathematical equation: $ \eta=1.6^{+0.3}_{-0.5} $], the highest value to date in large-scale systems. By analysing a sample of 17 galaxy clusters and groups with magnetic field estimates from the literature, we observe longer autocorrelation lengths in the case of massive merging clusters and lower values for relaxed clusters and low-mass clusters or galaxy groups. We also observe a systematic increase in the central magnetic field strength as a function of central density, B0 ∝ n0(0.38 ± 0.14). We argue that the steepening of the Fornax cluster’s magnetic field profile and its relatively high central strength could indicate a recent re-amplification at the centre due to the extended central radio galaxy. The sample analysis supports the proposed scenario; however, more detailed magnetic field studies conducted using consistent modelling on larger samples are needed to better understand magnetisation in clusters and groups.
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1. Introduction
Cosmic magnetism is one of the scientific drivers of the Square Kilometre Array (SKA) telescope. The origin and evolution of large-scale magnetic fields embedded in galaxy clusters and along the cosmic web filaments is still uncertain.
Large-scale magnetic fields in clusters can affect galaxy evolution, as recently observed by Müller et al. (2021), and accelerate particles, creating the so-called diffuse radio sources (see the review by van Weeren et al. 2019). Moreover, they can affect galaxy cluster physics by altering heat conduction, gas mixing in the intracluster medium (ICM), and the propagation of cosmic rays (e.g. Pfrommer et al. 2017; Ruszkowski & Oh 2010). Achieving a comprehensive understanding of galaxy cluster physics requires constraining the properties of intracluster magnetic fields.
This can be achieved using both background and cluster-embedded polarised sources to reconstruct the rotation measure (RM). The Faraday effect enables this reconstruction, whereby the polarisation plane of a background source crossing an external magnetoionic medium (the galaxy cluster) rotates as a function of the RM and of the rest frame wavelength squared λ2,
[image: Mathematical equation: $$ \begin{aligned} \Delta \Psi = \mathrm{RM} \cdot \lambda ^2, \end{aligned} $$](1)
where ΔΨ is the change in polarisation angle. The RM is linked to the properties of the magnetic field through
[image: Mathematical equation: $$ \begin{aligned} \mathrm{RM} = 812 \int _0^L B_{||} \cdot n_e \cdot dl, \end{aligned} $$](2)
where ne is the thermal plasma density in cubic centimetres, B|| is the line-of-sight parallel component of the intervening magnetic field in microgauss, L is the distance between the observer and the source in kiloparsecs, and the RM is in units of radians per square metre.
The RM properties reflect those of the intervening magnetic field and thermal plasma. The RM values associated with a galaxy cluster generally fluctuate on a range of scales, reflecting its turbulent microgauss-level magnetic field. They show a radial profile with a maximum at the cluster centre that decreases outwards. These profiles can be modelled with analytical approaches Lawler & Dennison (1982), Felten (1996) to derive an estimate of the intracluster magnetic field (e.g. Feretti et al. 1999). Numerical tools can improve the modelling and measure the intracluster magnetic fields with good accuracy from the observed RM (e.g. Enßlin & Vogt 2003; Vogt & Enßlin 2003; Murgia et al. 2004). However, the use of advanced numerical tools to estimate large-scale magnetic fields from the RM measurements is not trivial and can require significant computational effort. An important limitation arises from the finite sensitivity and resolution of radio telescopes, which detect a limited number of polarised sources per square degree in a limited number of galaxy clusters, with at most 20 identified to date (Vogt & Enßlin 2003; Murgia et al. 2004; Govoni et al. 2006; Guidetti et al. 2008; Laing et al. 2008; Bonafede et al. 2010; Guidetti et al. 2010; Vacca et al. 2010, 2012; Govoni et al. 2017; Stuardi et al. 2021; Vacca et al. 2022; Pagliotta et al. 2025; De Rubeis et al. 2024; Khadir et al. 2026; Alonso-López et al. 2026). To better understand how intracluster magnetic fields evolve in different environments, under which mechanisms, and their impact on the physics of cluster galaxies, it is of paramount importance to increase the sample.
In a previous work (hereafter L25, Loi et al. 2025) we presented the broadband spectropolarimetric data acquired within the MeerKAT Fornax Survey (MFS; Serra et al. 2023). This is a key survey for the MeerKAT telescope that started observing in 2020 and covers the Fornax cluster and the infalling Fornax A group with 91 pointings. Using broadband data, we reconstructed the densest RM grid ever constructed, with ∼80 polarised sources per square degree (L25). We summarise the main results of L25 in Sect. 2.
In this paper, we use the RM grid to constrain the properties of the Fornax cluster’s magnetic field. Studying the intracluster magnetic field of Fornax is an important step in the investigation of large-scale magnetic fields in clusters for two main reasons. First, Fornax is a low-mass cluster with a virial mass of Mvir = 5 × 1013 M⊙ (Drinkwater et al. 2001) and a core radius of ∼173 kpc (Reiprich & Böhringer 2002); as such, it is representative of the majority of the cluster population in the Universe. Second, it is nearby, at a distance of ∼20 Mpc (Blakeslee et al. 2001; Jensen et al. 2001; Tonry et al. 2001) allowing us to study the magnetic field with unprecedented spatial resolution.
In Section 2 we summarise the RM properties reported in detail in L25. In Section 3 we describe the methodology used to derive the intracluster magnetic field, while we present the corresponding results in Section 4. Section 5 discusses the magnetic field properties of the Fornax cluster in the context of a sample of 16 galaxy clusters and groups from the literature. The conclusions are given in Section 6.
Throughout this paper we assume a Λ cold dark matter (ΛCDM) cosmology with H0 = 71 km s−1 Mpc−1, Ωm = 0.27, and ΩΛ = 0.73. At the distance of the Fornax cluster, 1 arcsec corresponds to 0.1 kpc.
2. Rotation measure properties
In L25 we constructed a dense RM grid (∼80 polarised sources/deg2) by applying the RM-synthesis technique (Brentjens & de Bruyn 2005) to the Stokes Q and U cubes with frequencies between 900 MHz and 1.4 GHz, with 5 MHz wide frequency channels and a spatial resolution of 13 arcsec. We identify the Faraday depth at the peak of the Faraday dispersion function as the observed RM.
A comparison between the RM obtained from the RM-synthesis and the one resulting from a λ2-fit of the polarisation angle suggests that the majority of the sources are Faraday simple, i.e. the polarised signal of the sources crosses a completely external Faraday screen.
At these frequencies the observed RM is primarily due to the Fornax cluster and the Galactic foreground. Therefore, we subtracted the Galactic foreground from the observed RM using the 2D polynomial by Anderson et al. (2021).
The main RM features reported in detail in L25 are:

	
a stripe of high-RM (in absolute value) sources crossing the cluster centre from N to SSW with positive and negative values going toward N and SSW, respectively;



	
an RM mean increment at a radial distance of about 300 kpc, rising from zero to ∼5 rad m−2;



	
a ∼13 rad m−2 RM standard deviation plateau at large distances from the cluster centre.




We suggest that the high-RM stripe traces the accretion of matter from the large-scale structure surrounding the system: the Fornax cluster is linked with the Eridanus galaxy group to the north (Raj et al. 2024) and with the Fornax A group to the south-west (da Costa et al. 1988). The Eridanus group lies at a distance on the plane of the sky of around 14 Mpc and at z = 0.00557. Accretion events along the direction connecting the Fornax cluster and the Eridanus and Fornax A group can explain the enhancement of the RM values within the virial radius of the cluster.
The RM increase at about r ∼ 300 kpc is likely due to the magnetic field power spectrum: in the eastern part, sloshing motions cause a decay of the magnetic field energy into small structures, while in the western part the lack of dynamical motions preserves a larger autocorrelation length; the combination of these effects results in a smaller RM in the eastern side compared to the western side of the cluster.
The RM standard deviation plateau at large distances from the cluster centre shows no significant directional dependence. We argue that this reflects a combination of direction-independent contributions that effectively set a noise floor: the RM noise (∼2 rad m−2), the local environment of the sources (∼6 rad m−2), the Milky Way (∼6 rad m−2), and the cosmic web and the Fornax cluster (accounting for the remaining 9−10 rad m−2).
3. Models and methods to measure the Fornax cluster’s magnetic field
This section describes how we constrained the power spectrum, strength, and profile of the magnetic field of the Fornax cluster.
Due to the turbulent nature of the intracluster magnetic field, it is important to consider different realisations of the same magnetic field model and to investigate which distribution has the higher probability of reproducing the data. Several works (see e.g. Govoni et al. 2017) have employed the FARADAY tool in this way using Bayesian inference (Murgia et al. 2004).
The basis of the Bayesian approach is to evaluate the posterior probability distribution P(θ|D) of the model parameters θ given the data D. The posterior probability distribution depends on prior knowledge P(θ) of the model parameters, the likelihood P(D|θ), and the so-called evidence P(D),
[image: Mathematical equation: $$ \begin{aligned} P(\theta |D) = \frac{P(D|\theta ) P(\theta )}{P(D)}, \end{aligned} $$](3)
where P(D) is defined as the integral of the likelihood function weighted by the prior over the entire parameter space,
[image: Mathematical equation: $$ \begin{aligned} P(D) = \int P(D|\theta ) P(\theta ) d\theta . \end{aligned} $$](4)
The posterior distribution is therefore an indicator of the most probable set of parameters.
We used a Markov chain Monte Carlo (MCMC) method with the Metropolis-Hastings algorithm to generate a sample of the posterior probability distribution without the need to calculate the evidence explicitly. Computing the evidence is difficult because it requires exploring the entire parameter space. The MCMC starts from a parameter set θ0, randomly extracted assuming a Gaussian prior distribution of all parameters within a given range. The algorithm runs for several iterations by selecting new states according to a Q(θ, θ′), a transition kernel between the current and the proposed positions, i.e. θ and θ′. The proposed position is accepted with a probability
[image: Mathematical equation: $$ \begin{aligned} h = \min \left[1, \frac{P(D|\theta \prime )P(\theta \prime )Q(\theta \prime ,\theta )}{P(D|\theta )P(\theta )Q(\theta ,\theta \prime )}\right]. \end{aligned} $$](5)
The MCMC starts with a number of ‘burn-in’ steps during which the standard deviation of the transition kernel, a multivariate Gaussian kernel in this work, is adjusted so that the average acceptance rate is 50%. We discarded these steps from the accepted values and the posterior distribution consists of the model parameters explored after the burn-in period. We evaluated the final statistics on the model parameters from the posterior distribution.
3.1. Magnetic field power spectrum
The magnetic field power spectrum is related to the RM power spectrum. In our analysis, we assumed a single power–law power spectrum for the magnetic field,
[image: Mathematical equation: $$ \begin{aligned} |B_k|^2 = A \cdot k^{-\zeta }, \end{aligned} $$](6)
that fluctuates between a minimum and a maximum wave number, kmin and kmax, and zero elsewhere. In physical space, kmin and kmax are referred to as Λmax and Λmin, with Λ = 2π/k.
We used the Bayesian method to determine the best parameters for the assumed magnetic field model. Starting from a set of parameters ζ, A, Λmin and Λmax, the FARADAY tool generates a simulated RM image, assuming proportionality between the 2D RM and the 3D magnetic field power spectra (Enßlin & Vogt 2003). We added the RM noise associated with the data to this image, computed following Sotomayor-Beltran et al. (2013). We included a weight equal to [image: Mathematical equation: $ \sqrt{2} $] for the cluster sources (which implies that these sources lie in the cluster midplane). We rescaled the simulated image assuming a β-model distribution (Cavaliere & Fusco-Femiano 1976) for the thermal plasma density,
[image: Mathematical equation: $$ \begin{aligned} n_e(r) = n_0 \left(1 + \frac{r^2}{r_c^2}\right)^{-3\beta /2}, \end{aligned} $$](7)
where n0 is the central plasma density and rc is the cluster core radius. The most recent model we found in the literature for the Fornax cluster reports β = 0.804, rc = 130 kpc and n0 = 1 ⋅ 10−3 cm−3 (Reiprich & Böhringer 2002), where rc and n0 are corrected for the assumed cosmological model. After blanking the simulated image in the same way as the observed RM image, we computed the RM structure function S(dr) and compared it with the observed RM structure function. This is a fundamental diagnostic for estimating the structure of the intracluster magnetic field. It is defined as the average mean square difference in RM values between pixels at a given distance dr,
[image: Mathematical equation: $$ \begin{aligned} S(dr)=\langle [\mathrm{RM}(r)-\mathrm{RM}(r+dr)]^2\rangle . \end{aligned} $$](8)
The uncertainty associated with the RM structure function is computed by propagating the RM errors,
[image: Mathematical equation: $$ \begin{aligned} \Delta S(dr)=\frac{2\sqrt{2S(dr)}}{\sqrt{N}} \Delta \mathrm{RM}. \end{aligned} $$](9)
3.2. Magnetic field strength and trend
Once we constrained the magnetic field power spectrum, we characterised the magnetic field strength using 3D numerical simulations. We assumed a radial profile for the magnetic field strength that scales with the thermal plasma distribution, following a power-law relation,
[image: Mathematical equation: $$ \begin{aligned} B(r) = B_0 \left(\frac{n_e(r)}{n_0}\right)^{\eta }, \end{aligned} $$](10)
where B0 is the magnetic field strength at the cluster centre. We normalised each simulated cube assuming a specific value for B0 and η. We then computed the RM by performing the integral in Eq. (2), assuming the β-model for the thermal plasma density reported previously. In this case, we also accounted for the RM noise and the weighting, and we blanked the images as in the observed RM image. As already discussed, at large distances from the cluster centre, the RM standard deviation tends to a value of ∼13 rad m−2 due to several contributions (noise, local environment, Milky Way, large-scale structure, and the Fornax cluster). We included this additional factor in the simulations. We compared the RM standard deviation radial profile with the observed profile using the Bayesian approach described at the beginning of this section.
4. Results
To constrain the magnetic field properties, we considered a field of view of 1.4° (∼512 kpc) centred on the cluster centre. This choice reduces the contamination of the estimate by the thermal plasma asymmetry (Su et al. 2017; Reiprich et al. 2025), for which we do not have an accurate mode;. It also reduces contamination by the RM increment observed at a distance of about 300 kpc from the cluster centre.
4.1. 2D simulations
We computed the RM structure function by considering separations between pixels up to a maximum distance of 64 kpc to be less sensitive to variations in the density profile. We explored a parameter space with slope ζ ranging from 0 to 5, for the minimum scale Λmin from 0.5 (i.e. twice the pixel size) to 2.2 kpc, and for the maximum scale Λmax from 2.5 to 230 kpc. We chose these scale limits according to the physical fluctuations that our data can probe, i.e. from half of the beam size to half of the field of view. We also tested a broken power law to model the magnetic field power spectrum. The results are consistent with those reported below, except for the emergence of a strong degeneracy between the parameters. Indeed, a higher value of the maximum scale Λmax forces the power law to be steeper to preserve the total power. The broken power law collapses into a single power law since at Λmin there is little contribution to the total power.
Fig. 1 shows the results. The upper-left panel displays the RM structure function models obtained from our simulations. The blue points show the measured RM structure function. After a steep and continuous increase, the function oscillates around 1000 rad2 m−4 starting from dr = 6 kpc. Beyond dr ≈ 30 kpc, the mean value of the structure function decreases to around 700 rad2 m−4.
	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Magnetic field power spectrum measurements. Top left: Comparison between the observed(blue points) and simulated RM structure functions. Top right, bottom left, and bottom right: Posterior distributions of normalisation vs slope, maximum vs minimum scales, and maximum scale vs slope, respectively. The last three panels show histograms of each parameter. The contours show the 1, 2, and 3σ levels associated with the distributions.



At the 68 per cent confidence level, our modelling suggests a power-law power spectrum for the Fornax cluster’s magnetic field with a slope of [image: Mathematical equation: $ \zeta = 2.7^{+0.2}_{-0.4} $], a minimum physical scale [image: Mathematical equation: $ \Lambda_{\mathrm{min}} = (1.01^{+0.01}_{-0.02} $]) kpc, a maximum physical scale [image: Mathematical equation: $ \Lambda_{\mathrm{max}} = (15^{+9}_{-2} $]) kpc, and a normalisation of 2990[image: Mathematical equation: $ ^{+461}_{-683} $] μG2. These scales correspond to kmax = 6.2 ± 1 kpc−1 and [image: Mathematical equation: $ k_{\mathrm{min}} = 0.40^{+0.02}_{-0.18} $] kpc−1, respectively.
We computed the magnetic field autocorrelation length using the best-fit parameters for the magnetic field power-law power spectrum using the following equation (Enßlin & Vogt 2003):
[image: Mathematical equation: $$ \begin{aligned} \Lambda _B = \frac{3\pi }{2} \frac{\int _0^{\infty } |B_k|^2 k dk}{\int _0^{\infty } |B_k|^2 k^2 dk}, \end{aligned} $$](11)
which yields ΛB = (3.3[image: Mathematical equation: $ ^{+1.1}_{-0.3} $]) kpc.
4.2. 3D simulations
We determined the central strength and the power–law exponent of the Fornax cluster’s magnetic field by considering the RM standard deviation profile. We computed this profile on the image plane in 50 kpc wide concentric annuli. We explored the parameter space between 0.01 and 50 μG for B0 and between −0.5 and 3 for η.
The right panel of Fig. 2 shows the posterior probability distribution of B0 and η, while the left panel displays the comparison between the simulated and observed RM standard deviation radial profiles.
	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Magnetic field profile measurements. Left: Comparison between the observed RM standard deviation profile (blue points) and the distribution of simulated profiles. Right: Posterior distribution of the central strength and slope of the magnetic field profile.



The best realisations of the magnetic field have a central strength of (5.0[image: Mathematical equation: $ ^{+0.3}_{-0.4} $]) μG, decreasing with the thermal plasma density with a slope of η = (1.6[image: Mathematical equation: $ ^{+0.3}_{-0.5} $]). The observed RM standard deviation profile does not exhibit the monotonic radial decrease displayed by the simulated profiles. This behaviour has been observed in several cases, such as in 3C31, Hydra A (Laing et al. 2008), the Coma cluster (Bonafede et al. 2010), 3C449 (Guidetti et al. 2010) A2345 (Stuardi et al. 2021), and A194 (Govoni et al. 2017). For A194, the fluctuations are likely due to the smaller size of the central annulus compared to the outer annuli, leading to an undersampling of the RM distribution. Notably, simulations reproduce the observed behaviour in A194. In our study, the second radial bin is the least populated due to noise limitations (see Appendix B in L25), with 81, 15, 49, 96, and 82 independent measurements from the first to the last radial bin, respectively. Even with only 15 measurements, as in our most limited bin, we verified that the standard deviation of a Gaussian distribution can be correctly inferred through random extraction. Therefore, the number of sources in each bin is sufficient to represent the RM statistics, which explains why simulations cannot replicate the observed fluctuations. To test whether noise contributes to this effect, we applied a more stringent RM detection threshold, considering only measurements with an associated error smaller than 2 rad m−2 (corresponding to polarised S/N > 13). The RM standard deviation values differ by about 1 rad m−2 compared to those in Fig. 2, except in the second radial bin, where the value is 5 rad m−2 lower. Even in this case, the number of independent measurements per bin remains significant (71, 7, 19, 46, and 40 from the central to outer bins), although we observe a roughly 50% depletion starting from the second bin outward.
Observational effects that we have not accounted for may contribute to the observed scatter. However, numerical simulations (Rappaz et al. 2024; Loi et al. 2019) show that the RM standard deviation radial profile can exhibit intrinsic scatter, particularly when the observations resolve the magnetic field fluctuation scale (see Appendix A in Rappaz et al. 2024). Such simulations incorporate more realistic models of the magnetic field structure and thermal plasma distribution, which could explain the variations in the RM structure function.
Considering that our simulations rely on simple models for the RM that, for instance, cannot reproduce the observed thermal plasma asymmetry, we find the results presented in Fig. 2 to be satisfactory.
5. Comparison with the literature and discussion
This paper presents the first accurate measurement of the Fornax cluster’s magnetic field. We note that the magnetic field strength derived in this work is consistent with the 10 μG upper limit established by Su et al. (2017), which is based on the modelling of a candidate Kelvin–Helmholtz instability eddy detected 3 kpc from the cluster centre. To better understand the implications of our findings for overall cluster physics, we performed a qualitative comparison with the properties of magnetic fields measured in galaxy clusters and groups.
Table A.1 summarises the magnetic field estimates available in the literature, derived from spectropolarimetric modelling of cluster diffuse sources (A523 and A665) or RM analysis (the remaining systems) using various numerical tools and assumptions. Magnetic field parameters that were fixed a priori in the original modelling are marked with an asterisk. We rescaled all values to the cosmological model adopted in this study. This collection encompasses galaxy clusters and groups in diverse dynamical states. Massive relaxed clusters are the end products of low-mass systems that have accreted mass through numerous merging events. These events are thought to drive the amplification of intracluster magnetic fields on gigayear timescales (see e.g. Subramanian et al. 2006), a duration that corresponds to the typical relaxation period of galaxy clusters (Zhang et al. 2022). For our analysis, it is crucial to distinguish between merging and relaxed clusters. In the latter case, we expect higher magnetic field strengths and a smaller autocorrelation length, as magnetic energy cascades from large injection scales down to smaller scales. Conversely, minor mergers and radio activity promoted by cluster active galactic nuclei (AGNs) can induce instabilities that amplify magnetic fields more rapidly (Domínguez-Fernández et al. 2019). The presence of extended central radio galaxies is highlighted throughout our discussion of the results. At lower masses (∼1013 M⊙), the magnetisation process remains poorly understood. Such systems are characterised by smaller sizes and lower thermal densities, which implies: (a) potential departures from the magnetohydrodynamical (MHD) approach used in cosmological numerical simulations due to the collisionless nature of the thermal plasma (Simionescu et al. 2019), and (b) a more prominent role of AGN feedback (see e.g. Eckert et al. 2021). To investigate whether and how magnetic field properties reflect the dynamical state of the systems, their physics, and the role of central powerful radio sources, we adopt the following categories:

	
Massive merging clusters (MMC) and massive relaxed clusters (MRC) for systems with masses within R5001M500 > 1014 M⊙;



	
Low-mass merging clusters (LMC) and low-mass relaxed clusters (LRC) for systems with M500 < 1014 M⊙;



	
Galaxy groups (GG) based on existing literature classification.




We adopted the M500 and R500 values from the meta-catalogue of X–ray detected clusters of galaxies (MCXC; Piffaretti et al. 2011). The Fornax cluster presents an intermediate dynamical state, as it is a moderate cool-core cluster undergoing a merging with the Fornax A group. Our analysis is limited to the central part of the cluster, where X-ray observations show no evidence of merger-induced shock waves. Consequently, we classify it as an LRC. In the following sections, we discuss the main properties of the sample reported in Table A.1, which comprises 17 galaxy clusters and groups.
5.1. The shape of the magnetic field power spectrum
Fig. 3 illustrates the magnetic field power spectra for our sample, plotted using the minimum and maximum fluctuation scales inferred in each study. We include only those measurements obtained without a priori assumptions regarding the power-spectrum slope.
	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Normalized magnetic field power spectra. Blue, red, and orange lines correspond to merging galaxy clusters, relaxed galaxy clusters, and galaxy groups, respectively; solid and dotted lines are used for systems with or without central extended radio galaxies. The Fornax cluster is represented by a solid black line.



A2382 shows a Kolmogorov-like spectrum. Vogt & Enßlin (2003) found consistent values for A2634 and A400. In contrast, we find ζ ≈ 2 for A119 and 3C449, ζ ≈ 2.7 for 3C31, ζ ≈ 2.7 for Hydra A, the Fornax cluster, and A2199, and ζ ≈ 3 for A2255. Magnetohydrodynamic (MHD) simulations incorporating AGN feedback (see Tevlin et al. 2025) typically show a Kolmogorov spectrum at small scales (≤100 kpc), while at large scales (≥100 kpc) a k−1/2 Kazantsev trend emerges due to dynamo activity. Consequently, the observed deviations from a Kolmogorov spectrum may represent a compromise between these two regimes–leading to a flatter overall spectrum–or they may highlight the resolution limits of current MHD simulations. Indeed, accurately reconstructing galaxy cluster physics from the smallest scales (e.g. supernova-driven turbulence) to the largest scales (above a few megaparsecs) remains computationally challenging. The former scenario might apply to A119 and A2255. However, in the case of A2255, we derived the power spectrum by fixing the maximum scale of fluctuation to 512 kpc. Adopting smaller or larger values would result in a flatter or steeper spectrum, respectively. In most other cases, the large scales are not sufficiently sampled. As discussed in Section 4 for the Fornax cluster, a broken power-law model, which in principle could probe both trends, effectively collapses into a single power-law. Alternatively, the magnetic field in these systems may not yet have reached the saturation phase (Schekochihin et al. 2004). This would challenge recent theoretical results suggesting that saturation is achieved as early as z ≈ 4 (Tevlin et al. 2025). We acknowledge the strong degeneracy between the power spectrum parameters, the inherent simplicity of our assumed models, and possible bias due to the comparison of results derived using different approaches. Nevertheless, these results underscore the complex physics governing these environments, which can shape the magnetic field power spectrum and cause a flattening relative to the Kolmogorov expectation. This suggests that more power is injected at small scales than is currently predicted by state-of-the-art simulations and/or that the magnetic field is still undergoing active amplification.
We examined the magnetic-field autocorrelation lengths ΛB, which are expected to reflect the characteristic turbulence scales of the ICM. In Fig. 4, we plot this quantity as a function of cluster mass. Massive merging clusters consistently exhibit larger autocorrelation lengths compared to massive relaxed systems, regardless of the overall cluster mass. This difference likely arises because, in relaxed clusters, the magnetic field energy has had sufficient time to cascade from large injection scales down to smaller scales, as previously noted by Vacca et al. (2026). Interestingly, low-mass galaxy clusters and groups display autocorrelation lengths similar to those of massive relaxed clusters. Even lower values are observed in the Fornax cluster and the merging low-mass cluster A400. Notably, both of these systems host an extended central radio galaxy, which could be responsible for more rapid and localised magnetic field amplification at small scales. This mechanism will be discussed in further detail in the following section.
	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Magnetic field autocorrelation length as a function of M500, colour-coded as in Fig. 3. Diamonds, circles, and squares show merging clusters, relaxed clusters, and galaxy groups, respectively. The Fornax cluster measurement is shown as a black triangle. Filled symbols indicate which systems host an extended radio galaxy at the centre.



5.2. Magnetic field values and profiles
Fig. 5 shows the magnetic-field central strength as a function of central plasma density. Using a linear fit in the log–log plane, we find a scaling relation of B0 ∝ n0(0.38 ± 0.14). The fit uncertainties, derived by propagating the errors on the fit parameters, are indicated by the shaded grey area. This plot represents an update to the results reported by Govoni et al. (2017) and Vacca et al. (2026); unlike those studies, we include measurements of A400, A2634, A2345, A2142, A3581, and the Fornax cluster, while the latter work also includes A665 and A523. Govoni et al. (2017) and Vacca et al. (2026) find B0 ∝ n00.47 and B0 = n0(0.56 ± 0.17), respectively. Our flatter correlation remains consistent with these previous works within the uncertainties.
	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Magnetic field central strength as a function of central thermal density, using the same colour and symbol code described in Fig. 4. The dashed line represents the best-fit model (parameters shown in the bottom-right corner), with uncertainties indicated by the shaded grey area.



Notably, our target exhibits a central magnetic field strength approximately twice as high as predicted by the fitted correlation. Similar excesses are observed in Hydra A, 3C31, A400, and A119, whereas A665, A523, and A3581 are characterised by lower values. A key distinction among these systems is the presence of one or more extended radio sources at the centre of the first group, with the exception of A119.
To further investigate this, Fig. 6 shows the magnetic field radial profile as a function of the ratio between the distance from the cluster centre and R500. We find that the Fornax cluster exhibits the steepest radial profile among all systems considered in this study, suggesting that an efficient magnetic-field amplification mechanism operates near the cluster centre. Magnetohydrodynamic (MHD) simulations demonstrate that cold fronts can significantly enhance magnetic fields along the boundaries of sloshing regions, thereby steepening the radial profile (e.g. ZuHone et al. 2011). Indeed, a series of cold fronts induced by the infall of NGC 1404 has been detected in Fornax at radii of approximately 3, 11, 32, and 220 kpc (Su et al. 2017, converted in our cosmology). These are indicated in Fig. 6 by vertical grey shaded areas. However, while the magnetic field strength remains high in the inner regions, it drops to 10% of its central value at 220 kpc. This decline suggests that additional mechanisms may contribute to the amplification of the intracluster magnetic field.
	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Normalized magnetic-field strength profiles as a function of the ratio between the distance from the cluster centre and R500. The line styles are consistent with those in Fig. 3. The shaded grey areas indicate the location of the cold front detected by Su et al. (2017), while the vertical black line shows the extension of the radio lobes associated with NGC 1399.



The central AGN activity, which has produced two lobes extending up to ∼25 kpc, could be a driver of recent re-amplification. In low-density environments such as the ICM of Fornax, AGN outbursts can efficiently amplify magnetic fields through shocks generated by the inflation of radio bubbles (see e.g. Donnert et al. 2018, and reference therein). The observed steep profile and the high central strength can thus be explained by the interaction between the extended central radio source and the surrounding ICM. This interpretation is supported by the chronology of events: AGN activity is more recent than the sloshing episode. The symmetry of the two radio lobes implies that their inflation occurred late in the cluster’s evolution; otherwise, sloshing would have significantly distorted the radio morphology (Domínguez-Fernández et al. 2024). Moreover, Su et al. (2017) estimate that the sloshing age is of the order of a gigayear, far exceeding the typical radiative lifetime of AGNs.
Simulations by Domínguez-Fernández et al. (2024), combining binary cluster mergers with bidirectional central jet injection, strengthen this scenario. At early stages (see Fig. 5 in that paper), when the AGN is active but before the merger has disrupted the system, the central magnetic field strength exceeds the overall trend observed once sloshing has mixed the radio lobes with the ICM. These results point to AGN-driven amplification as the origin of the steep profile in Fornax. This factor, combined with pre-amplification by sloshing motions, likely explains the cluster’s relatively high central magnetic field strength.
Before this work, the steepest reported power-law exponent was η ≈ 1.1, measured in the low-mass cluster A194. Similar to Fornax, A194 hosts a central AGN with symmetric jets and has a relatively low central density; however, unlike our target, it lacks evidence of cluster mergers or cold fronts. In that case, AGN outbursts likely dominate the central magnetic field amplification. Furthermore, the most prominent departures from the correlation in Fig. 5 are consistent with our proposed interpretation: higher central strengths are found in systems hosting one or more extended radio sources. A notable exception is A119; however, as reported by Watson et al. (2023), it is characterised by recent and on-going merger activity, which could justify the observed magnetic field amplification across the cluster volume and the resulting flat radio profile.
Among the systems that fall below the B0 − n0 correlation, A3581 stands out as an unexpected outlier. Given its relaxed dynamical state, one would expect a central magnetic field strength of the order of tens of microgauss. The lower value reported by Khadir et al. (2026) may result from the decision to constrain the power-law exponent parameter (η) to values below 0.5. Although this was motivated by the observed flattening of the RM profile, Table A.1 shows that other relaxed systems are well-described by profiles with η = 1. Adopting this higher value would increase the central strength to ≈37 μG, bringing A3581 into alignment with the other upper outliers.
A similar discrepancy may affect A665 (Vacca et al. 2010), for which η was derived from the radio halo surface brightness radial profile under the assumption of equipartition between the magnetic field and relativistic particles. This assumption implies a steep scaling between radio emissivity Jν and the magnetic field (Jν ∝ B4), leading to the profile Jν ∝ (1 + (r/rc)2)−6βη (assuming Eq. 10). However, since the equipartition condition is physically difficult to achieve, a scaling of Jν ∝ B2 may be more plausible and η would be ≈1, yielding B0 ≈ 3 μG, consistent with the established B0 − n0 correlation. The final outlier in the low-B0 regime is A523. The model reported by (Vacca et al. 2022) was specifically designed to demonstrate that an intracluster magnetic field can generate polarised radio halo emission on scales exceeding those of the associated total intensity. Because the primary objective was to reproduce these polarised structures, the (B0, η) parameter space was not explored in detail. Consequently, this measurement likely suffers from the same modelling biases discussed above, where a different choice of η could bring the cluster into better agreement with the B0 − n0 correlation. It is important to note that the correlation presented by Vacca et al. (2026) remains statistically consistent with the measurements for A665 and A523 within their reported uncertainties. While models utilising a curved power spectrum could introduce systematic offsets, our primary conclusions remain robust even if we exclude A2142 and A2345.
Our results establish a crucial benchmark for cluster magnetisation, yet they also reveal that a consistent and homogeneous modelling strategy is required across the literature to ensure statistically robust and bias-free comparisons between different environments.
Osinga et al. (2025) recently conducted a more quantitative study of magnetic field properties in galaxy clusters. Through a statistical analysis of 124 massive Planck clusters at low redshift (z < 0.35) using depolarisation and RM stacking techniques, they find that the best–fit RM standard deviation profiles are obtained with η < 0.5. However, they also note that more advanced modelling of the intracluster magnetic field is required to further refine this comparison. Furthermore, they report flatter RM profiles in cool-core clusters compared to non-cool-core systems. Since Fornax is a moderate cool-core cluster, it would be expected to exhibit a relatively flat profile. The fact that this is not observed suggests that magnetic field amplification and distribution in clusters depend strongly on their dynamical state, mass, and density, as well as the presence of powerful AGNs.
In addition, we note that the timescales of merging events and AGN outburst cycles differ significantly, spanning gigayears versus tens or hundreds of megayears, respectively. While widespread magnetic field amplification occurs slowly via turbulence induced by merging events, more rapid and localised amplification is expected when a central AGN is radio active (Domínguez-Fernández et al. 2019). Indeed, flat profiles (η < 0.5) are found in systems forming the Shapley Supercluster core (Alonso-López et al. 2026), which consists of two massive galaxy clusters connected by an intracluster bridge detected with Planck (Planck Collaboration XXII 2016) and incorporates two massive groups of galaxies. This system is characterised by large-scale diffuse radio emission (Venturi et al. 2022), a clear tracer of an ongoing merger event. Finally, we note that the correlation found by Balboni et al. (2025) between the magnetic field and the galaxy cluster mass (B ∝ Mb, with b ≈ 2) describes only A2255 and the Coma cluster within our sample, at least within the uncertainties. This is perhaps unsurprising, as the correlation was derived from a sample of 18 massive galaxy clusters (M500 ≥ 2.6 ⋅ 1014 M⊙) hosting diffuse radio sources. This discrepancy further highlights the need for deeper investigations of the complex physics at play in the different environments that characterise both galaxy groups and clusters.
6. Conclusions
We present the first detailed measurements of the Fornax cluster’s magnetic field, out to a radius of about 260 kpc (∼0.37 × Rvir), together with a qualitative discussion of magnetisation across a sample of 17 galaxy clusters and groups. Exploiting the dense RM grid provided by the MeerKAT Fornax Survey, we reconstructed the properties of the intracluster magnetic field by comparing observed RM data with numerical simulations using a Bayesian approach. To avoid potential contamination from the evident asymmetry in the X-ray distribution, for which an accurate reconstruction is currently unavailable, we restricted the RM measurements to within 250 kpc of the cluster centre. We modelled the power spectrum with a power law, finding a slope of 2.7[image: Mathematical equation: $ ^{+0.2}_{-0.4} $] and a minimum and a maximum scale of 1.01[image: Mathematical equation: $ ^{+0.01}_{-0.02} $] and 15[image: Mathematical equation: $ ^{+9}_{-2} $] kpc, respectively. The resulting magnetic field autocorrelation length is [image: Mathematical equation: $ \Lambda_B = 3.3^{+1.1}_{-0.3} $] kpc. By assuming that the magnetic field scales radially with the thermal plasma density, we constrained its central strength to 5.0[image: Mathematical equation: $ ^{+0.3}_{-0.4} $] μG and derived a steep a power-law exponent of [image: Mathematical equation: $ \eta = 1.6^{+0.3}_{-0.5} $]. Compared to other clusters in the literature, Fornax exhibits a remarkably steep magnetic field radial profile and a relatively high central strength.
Our qualitative analysis of 17 systems studied via RM in the literature reveals that, in agreement with previous work, massive merging clusters generally host larger autocorrelation lengths (Fig. 4). Conversely, massive relaxed clusters and low-mass clusters and galaxy groups are characterised by smaller auto-correlation lengths. Notably, among the ten systems with an inferred power spectrum slope, only three exhibit a Kolmogorov spectrum, while the remainder show a flatter behaviour (Fig. 3). These findings suggest that state-of-the art numerical simulations may still lack magnetic field power on kiloparsec scales or that the magnetic field is still undergoing amplification. At the cluster centre, the sample follows the relation B0 ∝ n0(0.38 ± 0.14) (Fig. 5), consistent within the uncertainties with previous studies (e.g. Govoni et al. 2017; Vacca et al. 2026); however, several systems, including Fornax, display magnetic field strengths approximately twice as high as predicted by this correlation.
Since Fornax is a low-mass environment hosting a radio-loud central brightest cluster galaxy (BCG), we conclude that the amplification of its intracluster magnetic field likely stems from a combination of sloshing-induced turbulence and, more recently, radio-galaxy activity. This interpretation is supported by the steep radial slope of the magnetic field profile (Fig. 6). Furthermore, four of the five upper outliers in the B0 − n0 correlation, namely Hydra A, A400, 3C31, and the Fornax cluster, host one or more extended radio galaxies at their centres. Their interaction with the environment may have enhanced the magnetic-field amplification at small scales, as evidenced by the small autocorrelation lengths observed in these systems (see Fig. 4).
This study advances our understanding of cosmic magnetism and sheds light on the amplification mechanisms operating across diverse large-scale environments. Future systematic surveys with SKA precursors and pathfinders, and eventually with the SKA-Mid telescope (Loi et al. 2026), will be essential to clarify how dynamical state, mass, density, and AGN feedback shape the observed magnetic fields and influence the evolution of cluster-embedded galaxies.
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1 R500 is the radius of a spherical region within a galaxy cluster that has a mean density of 500 times the critical density of the universe at the cluster’s redshift.




Appendix A:  List of magnetic field measurements
Table A.1. 
List of magnetic field measurements in galaxy clusters and groups derived from spectro-polarimetric modelling of cluster diffuse sources or RM analysis.
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	[image: Thumbnail: Fig. 1. Refer to the following caption and surrounding text.]	Fig. 1. Magnetic field power spectrum measurements. Top left: Comparison between the observed(blue points) and simulated RM structure functions. Top right, bottom left, and bottom right: Posterior distributions of normalisation vs slope, maximum vs minimum scales, and maximum scale vs slope, respectively. The last three panels show histograms of each parameter. The contours show the 1, 2, and 3σ levels associated with the distributions.
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	[image: Thumbnail: Fig. 2. Refer to the following caption and surrounding text.]	Fig. 2. Magnetic field profile measurements. Left: Comparison between the observed RM standard deviation profile (blue points) and the distribution of simulated profiles. Right: Posterior distribution of the central strength and slope of the magnetic field profile.
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	[image: Thumbnail: Fig. 3. Refer to the following caption and surrounding text.]	Fig. 3. Normalized magnetic field power spectra. Blue, red, and orange lines correspond to merging galaxy clusters, relaxed galaxy clusters, and galaxy groups, respectively; solid and dotted lines are used for systems with or without central extended radio galaxies. The Fornax cluster is represented by a solid black line.
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	[image: Thumbnail: Fig. 4. Refer to the following caption and surrounding text.]	Fig. 4. Magnetic field autocorrelation length as a function of M500, colour-coded as in Fig. 3. Diamonds, circles, and squares show merging clusters, relaxed clusters, and galaxy groups, respectively. The Fornax cluster measurement is shown as a black triangle. Filled symbols indicate which systems host an extended radio galaxy at the centre.
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	[image: Thumbnail: Fig. 5. Refer to the following caption and surrounding text.]	Fig. 5. Magnetic field central strength as a function of central thermal density, using the same colour and symbol code described in Fig. 4. The dashed line represents the best-fit model (parameters shown in the bottom-right corner), with uncertainties indicated by the shaded grey area.
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	[image: Thumbnail: Fig. 6. Refer to the following caption and surrounding text.]	Fig. 6. Normalized magnetic-field strength profiles as a function of the ratio between the distance from the cluster centre and R500. The line styles are consistent with those in Fig. 3. The shaded grey areas indicate the location of the cold front detected by Su et al. (2017), while the vertical black line shows the extension of the radio lobes associated with NGC 1399.
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        Magnetic field power spectrum measurements. Top left: Comparison between the observed(blue points) and simulated RM structure functions. Top right, bottom left, and bottom right: Posterior distributions of normalisation vs slope, maximum vs minimum scales, and maximum scale vs slope, respectively. The last three panels show histograms of each parameter. The contours show the 1, 2, and 3σ levels associated with the distributions.
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        Magnetic field profile measurements. Left: Comparison between the observed RM standard deviation profile (blue points) and the distribution of simulated profiles. Right: Posterior distribution of the central strength and slope of the magnetic field profile.
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        Normalized magnetic field power spectra. Blue, red, and orange lines correspond to merging galaxy clusters, relaxed galaxy clusters, and galaxy groups, respectively; solid and dotted lines are used for systems with or without central extended radio galaxies. The Fornax cluster is represented by a solid black line.
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        Magnetic field autocorrelation length as a function of M500, colour-coded as in Fig. 3. Diamonds, circles, and squares show merging clusters, relaxed clusters, and galaxy groups, respectively. The Fornax cluster measurement is shown as a black triangle. Filled symbols indicate which systems host an extended radio galaxy at the centre.
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        Magnetic field central strength as a function of central thermal density, using the same colour and symbol code described in Fig. 4. The dashed line represents the best-fit model (parameters shown in the bottom-right corner), with uncertainties indicated by the shaded grey area.
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        Normalized magnetic-field strength profiles as a function of the ratio between the distance from the cluster centre and R500. The line styles are consistent with those in Fig. 3. The shaded grey areas indicate the location of the cold front detected by Su et al. (2017), while the vertical black line shows the extension of the radio lobes associated with NGC 1399.
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      List of magnetic field measurements in galaxy clusters and groups derived from spectro-polarimetric modelling of cluster diffuse sources or RM analysis.

      
        


	Name
	z
	type
	dens.
	n0
	rc
	β
	P.S.
	ζ
	Λmin
	Λmax
	B0
	η
	M500
	R500



	
	
	
	mod.
	10−3
	kpc
	
	mod.
	
	kpc
	kpc
	μG
	
	1014M⊙
	Mpc





	3C31
	0.0169
	GG
	β
	1.9
	51
	0.38
	bpl
	2.32
	6
	452
	6.7
	1
	0.4
	0.52
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	5.5
	
	
	
	
	



	3C449
	0.017
	GG
	β
	3.7
	57.1
	0.42
	bpl
	2.07
	0.2*
	65
	3.5
	1
	
	



	
	
	
	
	
	
	
	
	2.98
	11
	
	
	
	
	



	A119
	0.044
	MMC
	β
	1.4
	379
	0.56
	pl
	2
	6
	772
	6
	0.89
	2.5
	0.94



	A194
	0.0179
	LRC
	β
	0.69
	245
	0.67
	pl
	3.[image: Mathematical equation: $ \overline{6} $]*
	1*
	64
	1.5
	1.1
	0.4
	0.52



	A2142
	0.0894
	MMC
	univ.
	7.44
	0.07
	0.39
	df
	
	7*
	463
	6
	0.5*
	8.1
	1.38



	
	
	
	
	0.7
	0.6
	2.6
	
	1.1*
	0.005*
	
	
	
	
	



	A2199
	0.0311
	MRC
	2β
	74
	9
	1.5
	pl
	2.8
	0.7
	35
	11.7
	0.9
	2.9
	1.0



	
	
	
	
	27
	26
	0.39
	
	
	
	
	
	
	
	



	A2255
	0.0806
	MMC
	β
	2.05
	432
	0.74
	pl
	3
	4*
	512*
	2
	0.5*
	3.7
	1.07



	A2345
	0.1789
	MMC
	dβ
	2.8
	192
	0.67
	df
	
	8*
	978*
	2.8
	1
	4.1
	1.07



	
	
	
	
	0.56
	2148
	1.48
	
	1.054*
	0.004*
	
	
	
	
	



	A2382
	0.0618
	MRC
	2β
	1.2
	374
	0.9
	pl
	3.[image: Mathematical equation: $ \overline{6} $]
	12*
	70
	3
	0.5
	1.1
	0.71



	
	
	
	
	3.8
	65.7
	1.7
	
	
	
	
	
	
	
	



	A2634
	0.0302
	MRC
	β
	1.2
	178
	0.79
	pl
	3.6
	2.2
	10.5
	3
	1
	1.2
	0.75



	A3581
	0.0221
	MRC
	β
	33.6
	10.2
	0.47
	pl
	3.[image: Mathematical equation: $ \overline{6} $]*
	4*
	100*
	2.2
	0.5
	1.1
	0.72



	A400
	0.0231
	LMC
	β
	1.6
	109
	0.54
	pl
	3.8
	1.4
	7.8
	6
	1
	0.8
	0.65



	A523
	0.104
	MMC
	β
	1.1
	185
	0.42
	bpl
	3.[image: Mathematical equation: $ \overline{6} $]*
	7.9*
	2013*
	0.5
	0.5
	1.8
	0.83



	
	
	
	
	
	
	
	
	0*
	1006*
	
	
	
	
	



	A665
	0.1829
	MMC
	β
	3.25
	340
	0.763
	pl
	3.[image: Mathematical equation: $ \overline{6} $]*
	4*
	450
	1.3
	0.47
	6.9
	1.26



	Coma
	0.023
	MMC
	β
	3.44
	291
	0.75
	pl
	3.[image: Mathematical equation: $ \overline{6} $]*
	2
	34
	4.7
	0.5
	4.3
	1.14



	Hydra A
	0.0549
	MRC
	2β
	62
	27
	0.686
	pl
	2.77
	0.62
	87
	45.5
	0.25
	3.6
	1.07



	
	
	
	
	0.26
	232
	0.907
	
	
	
	
	
	
	
	



	Fornax
	0.0049
	LRC
	β
	1.07
	130
	0.7
	pl
	2.7
	1
	15
	5
	1.6
	0.2
	0.4





      

      
Notes. Columns from left to right report: the system name; redshift; classification (GG: Galaxy Group, MMC: Massive Merging Cluster, MRC: Massive Relaxed Cluster, LMC: Low-mass Merging Cluster, LRC: Low-mass Relaxed Cluster); the assumed density model (β for a single β-model, 2β for a sum of two β-models, dβ for a sum in quadrature, and univ. for the universal profile introduced by Ghirardini et al. 2019); central thermal density n0; core radius rc; and the β index. Additional parameters are provided in the subsequent row where necessary; specifically, for the universal model, the second n0, β, and rc values correspond to α, ϵ, and Rs, respectively. The table also lists: the magnetic field power spectrum model (’pl’ for power law, ’bpl’ for broken power law, and ’df’ for the model proposed by Domínguez-Fernández et al. 2019); the spectral slope ζ; and the Λmin and Λmax scales. For the ’df’ profile, ζ and the second Λmin correspond to parameters B and C, respectively. Radial profile parameters for the magnetic field (B0 and η) are also included. We note that 3C449 is the only case with a broken profile, characterized by η = 0 at radial distances exceeding 16 kpc. Finally, we report the mass and radius computed within R500 (Piffaretti et al. 2011). Parameters assumed a priori in the original modelling are highlighted with an asterisk. All spatial scales, densities, and magnetic field strengths have been rescaled to the cosmology adopted in this work. For 3C31 and Hydra A, we rescaled the reported Brms values according to Brms = 0.42B0 (Laing et al. 2008). For A2255, we refer to the modelling based on radio galaxy RMs (Govoni et al. 2006). In the case of 3C31, we used results obtained without cavity modelling, as these features were not detected. For both A2345 and A2142, B0 was extrapolated from the average magnetic field strength within a 1 Mpc3 volume reported by the authors, assuming the radial profile parameters (η, ne) derived for the system. Central temperatures for A665 and A523 were taken from Norseth et al. (2025) and Cova et al. (2019), respectively. Literature data are sourced from: Guidetti et al. (2010) (3C449), Laing et al. (2008) (3C31, Hydra A), Murgia et al. (2004) (A119), Govoni et al. (2017) (A194),Pagliotta et al. (2025) (A2142), Vacca et al. (2012) (A2199), Govoni et al. (2006) (A2255), Stuardi et al. (2021) (A2345), Guidetti et al. (2008) (A2382), Vogt & Enßlin (2003) (A2634 and A400), Khadir et al. (2026) (A3581), Vacca et al. (2022) (A523), Vacca et al. (2010) (A665), Bonafede et al. (2010) (Coma Cluster), and this work (Fornax cluster).



    

  OEBPS/aa59964-26-eq8.gif





OEBPS/aa59964-26-eq9.gif





OEBPS/aa59964-26-eq4.gif





OEBPS/aa59964-26-eq27.gif





OEBPS/aa59964-26-eq5.gif
3

1.






OEBPS/aa59964-26-eq26.gif





OEBPS/aa59964-26-eq6.gif





OEBPS/aa59964-26-eq29.gif





OEBPS/aa59964-26-eq7.gif
R mz\f}‘ #





OEBPS/aa59964-26-eq28.gif





OEBPS/aa59964-26-eq23.gif





OEBPS/aa59964-26-eq22.gif





OEBPS/aa59964-26-eq25.gif





OEBPS/aa59964-26-eq24.gif





OEBPS/aa59964-26-eq21.gif





OEBPS/aa59964-26-eq20.gif
s









OEBPS/aa59964-26-fig5_small.jpg





OEBPS/aa59964-26-eq1.gif





OEBPS/aa59964-26-fig2_small.jpg





OEBPS/aa59964-26-eq2.gif





OEBPS/aa59964-26-eq3.gif





OEBPS/aa59964-26-eq38.gif





OEBPS/aa59964-26-eq37.gif





OEBPS/aa59964-26-eq34.gif





OEBPS/aa59964-26-eq33.gif





OEBPS/aa59964-26-eq36.gif





OEBPS/aa59964-26-eq35.gif





OEBPS/aa59964-26-fig1.jpg
104

m
o
—

[,W/,pei] (1p)S

102 4

dr [kpc]

[od>y] Xewy

102

[Dd>] Xewy

10!

Amin [kpcl





OEBPS/aa59964-26-eq30.gif





OEBPS/aa59964-26-fig2.jpg





OEBPS/aa59964-26-fig3.jpg
Normalized |B|*

102

10!

100

=
o
o

=
o
b

=
o
&

=
N
=y

N [Kpc]

103 102 10! 100

0: 3C31
1: 3C449
2: A119
5: A2199
6: A2255
8: A2382
9: A2634
11: A400

F 15: Fornax Cluster

16: Hydra A

1072

1071 100 10!
k [kpc~1]






OEBPS/aa59964-26-eq32.gif





OEBPS/aa59964-26-fig4.jpg
Np [KpC]

103}

107

10!

100

vwoNaURWNO

: A665

: Coma Cluster
: Fornax Cluster
: Hydra A

13

100
Msoo [1014 Mg ]

10!






OEBPS/aa59964-26-eq31.gif
3

1.






OEBPS/aa59964-26-fig5.jpg
Bo [HG]

10!

10°

poNoasLNED

e el
OUBWNRFO

:3C31
: 3C449

All9
Al194
A2142
A2199

: A2255
: A2345
1 A2382
: A2634

: A3581
: A400
: A523
: A665

: Coma Cluster
: Fornax Cluster

: Hydra A

L. .

107!

8

-

0.38 £0.14]
Bg x ng )

P

100

10!
no [1073 cm™3]

7102






OEBPS/aa59964-26-fig6.jpg
Juoll p|od puodss

(0)g/ (1)g

r/Rso0





OEBPS/aa59964-26-fig1_small.jpg
RE





OEBPS/dash.png





OEBPS/aa59964-26-fig4_small.jpg





OEBPS/aa59964-26-eq19.gif





OEBPS/aa59964-26-fig3_small.jpg





OEBPS/aa59964-26-eq16.gif
faeledy”
() = gy —*






OEBPS/aa59964-26-eq15.gif





OEBPS/aa59964-26-eq18.gif
(.21





OEBPS/aa59964-26-eq17.gif





OEBPS/aa59964-26-eq12.gif





OEBPS/aa59964-26-eq11.gif





OEBPS/aa59964-26-eq14.gif
Wil B





OEBPS/aa59964-26-eq13.gif





OEBPS/aa59964-26-eq10.gif





OEBPS/aa59964-26-fig6_small.jpg





