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CPRT: Bridging Theory and Observation in the SKA Era Chan et al.

Realizing the full scientific potential of the SKA requires not only revolutionary
instrumentation but also accurate modeling of light propagation in an evolving,
expanding Universe, in order to translate intensity and polarization data into phys-
ical insight about magnetic fields and cosmic plasma. When all-sky cosmological
polarized radiative transfer (CPRT) calculations meets SKA observations, theory
and data interlock to deliver a predictive, and testable picture of the evolving
magneto-ionic Universe. This synergy transforms polarization observations—
assembled into empirical maps of diffuse emission and rotation-measure (RM)
grids of discrete sources—from descriptive data products into powerful astrophys-
ical probes, advancing our understanding of cosmic magnetism across space and
time.
The CPRT formalism—derived from fundamental conservation laws and incor-
porating relativistic, cosmological, and full radiative-transfer effects—provides a
robust platform and a common framework for observers, theorists, and simulation
experts to pursue shared scientific goals. Observers gain synthetic templates to
interpret RM grids and polarization maps; theorists can directly confront models
of magnetogenesis and magnetic-field evolution with data; and simulation experts
obtain a post-processing tool to transform cosmological magneto-hydrodynamic
(MHD) outputs into observable skies. Furthermore, CPRT serves as a powerful
testbed when traditional RM-based methods reach their limitations—for exam-
ple, in interpreting complex Faraday spectra, disentangling multiple intervening
magnetized media, or achieving a coherent picture when diverse observational
diagnostics—such as dispersion measure, synchrotron emission and spectral in-
dex, and dust polarization—are combined.
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1 Introduction

Magnetic fields are a fundamental but elusive component of the Universe. They permeate every
known cosmic environment, from stellar interiors and galactic disks to the tenuous filaments of
the intergalactic medium that form the cosmic web (see also Sun et al., 2026; Mao et al., 2026;
Curtin et al., 2026). They are crucial in shaping the behavior of baryonic matter: guiding charged-
particle transport, influencing gas dynamics and thermal balance, mediating feedback from stars
and active galactic nuclei, and governing the acceleration and confinement of cosmic rays (Beck,
2015; Subramanian, 2016). On cosmological scales, magnetic fields are expected to be broadly
coupled to baryonic flows, resulting in a spatial correlation with the filamentary cosmic web defined
by the underlying dark-matter distribution (e.g. Ryu et al. 2008; Vazza et al. 2014), though this
correspondence can be modified by turbulence, reconnection, and feedback processes. Yet the
origin, strength, and structure of these vast magnetic fields remain poorly constrained (Vazza et al.,
2018; Brüggen et al., 2020). Understanding this hidden magnetic component is essential for a
complete physical picture of structure formation, galaxy evolution, and cosmic plasma processes.

In parallel, advances in both observational capability and theoretical modeling have set the stage
for a breakthrough in our understanding of cosmic magnetism, from compact sources to the largest
structures in the Universe.

On the observational side, broadband polarimetric observations from the pathfinders and precursors
to the Square Kilometre Array (SKA)—such as the Australian SKA Pathfinder (ASKAP; McConnell
et al., 2020; Gaensler et al., 2025), the Low-Frequency Array (LOFAR; van Haarlem et al., 2013;
Shimwell et al., 2017, 2026) , the MeerKAT array (Jonas and MeerKAT Team, 2016; Taylor and
Legodi, 2024), and the Murchison Widefield Array (MWA; Tingay et al., 2013; Lenc et al., 2016)—
have enabled wide-field, high-sensitivity polarization studies across a broad frequency range. These
observations, together with complementary measurements from other instruments, have revealed a
wealth of polarized phenomena, ranging from Faraday-complex Galactic structures (e.g. Haverkorn,
2015; Dickey et al., 2022; Heywood et al., 2022), odd radio circles (e.g. Norris et al., 2025; Pal
et al., 2026), to extreme range of magneto-ionic conditions traced by extragalactic fast radio bursts
(e.g. Michilli et al., 2018; Xu et al., 2022; Pandhi et al., 2024, 2025). These discoveries have
demonstrated how wide-band, high-dynamic-range polarimetry can now probe magnetic fields
across vastly different physical scales, cumulating to the SKA. They have also demonstrated that
the magnetized Universe is far richer and more intricate than previously known, while highlighting
the need for next-generation tools to interpret this growing wealth of data.

On the theoretical front, cosmological magneto-hydrodynamic (MHD) simulations have matured
into powerful tools for exploring the evolution of cosmic magnetic fields from early seeding to
large-scale amplification. These simulations generate “theoretical universes” by evolving a cubic
comoving volume through cosmological time, tracking the coupled dynamics of plasma, turbulence,
and magnetic fields. State-of-the-art codes such as ENZO (Bryan et al., 2014), RAMSES (Teyssier,
2002; Fromang et al., 2006), and AREPO (Springel, 2010; Pakmor and Springel, 2013; Pillepich
et al., 2018) solve the MHD equations self-consistently, revealing how turbulence, shear flows,
and feedback processes strengthen and distribute magnetic energy throughout the cosmic web
(Vazza et al., 2014; Marinacci et al., 2018; Pakmor et al., 2024). With adaptive and moving-mesh
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techniques, these models bridge scales from megaparsec filaments to sub-kiloparsec galactic cores,
permitting magnetic fields to emerge as dynamically active agents that influence gas accretion,
feedback, and the thermal history of the Universe.

However, connecting such simulated volumes directly to real observations is non-trivial. The
radiation detected by telescopes at a given observing frequency does not represent the sequential
evolution of a single simulation cube; rather, it arises from light emitted by spatially distinct regions
of the Universe at different lookback times. Observational data are therefore an integration along
the observer’s past light cone—a convolution of emission from sources at varying emitted epochs.
In contrast, simulation snapshots correspond to comoving volumes evaluated at discrete cosmic
times, which cannot be simply stacked or cross-correlated to what an observer would measure along
the light cone in polarized emission. Simple visualizations or synthetic map-making based on a
snapshot of simulation cubes neglect this causal structure and risk introducing artificial artifacts.

When emission from different epochs within the same comoving domain is cross-correlated, one
effectively compares a region of the Universe with itself at multiple evolutionary stages. This self-
mapping produces spurious coherence and artificial patterns, a limitation that can be understood
in topological terms as akin to the constraints implied by Brouwer’s fixed-point theorem (see e.g.
Starr, 2011; Farmakis and Moskowitz, 2013). These artifacts affect our interpretation of simulated
observables and lead to an unjust comparison between simulations and data.

To overcome these limitations and establish a direct, physically consistent link between simulations
and polarization observations, a covariant Cosmological Polarized Radiative Transfer (CPRT)
formalism (Chan et al., 2019; On et al., 2019) has been developed. It constructs observables
directly on the observer’s past light cone, tracing the full Stokes parameters (𝐼𝜈 , 𝑄𝜈 ,𝑈𝜈 , 𝑉𝜈) along
sightlines through an evolving, magnetized universe. By explicitly incorporating all relevant
radiative processes—emission, absorption, Faraday rotation, and Faraday conversion (a propagation
effect that converts linear polarization into circular polarization, and vice versa)—and by self-
consistently accounting for both local and global effects in a fully covariant, frequency-dependent
manner, CPRT ensures that each line of sight captures radiation from the correct cosmic epoch and
spatial location, thereby bringing theoretical simulation frontiers onto the observational plane.

Observationally, polarization data are typically interpreted using Rotation Measure (RM) synthesis
(Brentjens and de Bruyn, 2005; Van Eck et al., 2026; Carcamo et al., 2026) and 𝑄𝑈-fitting (e.g.
O’Sullivan et al., 2012; Oberhelman et al., 2026). RM synthesis reconstructs the Faraday depth
distribution from the observed polarization data, whereas 𝑄𝑈 fitting constrains parameterized
models of the magneto-ionic medium through direct fitting of the Stokes spectra. In the simplest
case—where a single, Faraday rotating screen lies in front of a polarized background source—
the full CPRT formalism reduces to the classical linear relation between polarization angle and
wavelength squared, from which the RM is defined. In this sense, RM can be understood as a
special case of CPRT under highly simplified physical conditions.

More generally, the observed complex polarization, 𝑃(𝜆2) (= 𝑄(𝜆2) + 𝑖𝑈 (𝜆2)) can be expressed
in terms of the Faraday dispersion function, 𝐹 (𝜙), which describes the distribution of polarized
emission as a function of Faraday depth 𝜙 along the line of sight. This relation is derived within a
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forward model in which the observed polarization arises from the linear superposition of emission
components undergoing Faraday rotation. However, real astrophysical environments often vio-
late these simplifying assumptions, particularly when synchrotron emission and Faraday rotation
are co-spatial within inhomogeneous magneto-ionic media, giving rise to Faraday-thick structures
and complex, wavelength-dependent depolarization. While multiple Faraday-thin components can
often be treated as a linear superposition, such mixed emitting and rotating regions introduce
additional ambiguities. Under these circumstances, reconstructing or interpreting the underlying
magneto-ionic structure becomes increasingly non-unique. RM synthesis may suffer from am-
biguities in Faraday depth space, while QU fitting can exhibit degeneracies between competing
parametric models. The CPRT framework provides the complementary, physically self-consistent
radiative-transfer approach: starting from physical models of magnetized plasma, it predicts the
full frequency-dependent Stokes observables that telescopes measure.

The CPRT formalism generates full-Stokes observables and synthetic RMs from magnetized media,
matched to telescope’s frequency coverage. When forward-modeled through SKA’s measurement
equations—the mathematical description of how the telescope records the sky—CPRT makes it
possible to compare simulated and observed data on equal terms. Specifically, it allows

• Direct comparison of synthetic and observed polarized sky, or RM maps,

• Deep insights and understanding of depolarization and polarization enhancement behaviors,

• Quantitative analysis of the relative importance of different physical mechanisms at play in
different environments and cosmological epochs,

• Testing of how well the RM grid recovers true underlying magnetic-field statistics (see also
O’Sullivan et al., 2026; Loi et al., 2026),

• Generating high-fidelity polarization templates on which advanced statistical and inverse-
modeling techniques can be applied to reconstruct the three-dimensional magnetic mor-
phology and its evolutionary history, thereby providing insights to discriminate between
primordial and astrophysical seeding scenarios.

This approach provides a realistic and observation-ready framework that connects theory and mea-
surement, integrating cosmological MHD simulation advances, realistic modeling of observables,
and the broadband polarimetric capabilities of the SKA. In doing so, it establishes a physically
grounded basis for interpreting SKA polarization data and RM synthesis and 𝑄𝑈-fitting results. By
linking physically motivated forward modeling with observational inference, CPRT closes the loop
between simulations and observations, enabling robust predictions and self-consistent interpretation
of the magneto-ionic Universe across cosmic time and scales.

2 The CPRT Formalism, Rotation Measure, and Cosmic Magnetism Diagnostics

At the heart of the CPRT framework lies the fundamental equation governing how polarized radiation
is generated, absorbed, and modified as it propagates through magnetized plasma in an expanding
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Universe. The CPRT equation, in the co-moving frame, reads:

d
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(Chan et al., 2019), where 𝜅, 𝑞, 𝑢, 𝑣 are the absorption coefficients, 𝜖 are the emission coefficients,
𝑓 is the Faraday rotation coefficient, 𝑔 and ℎ are the Faraday conversion coefficients. The invariant
Stokes parameters are related to the usual Stokes parameters by [ I QUV ]T = [ 𝐼 𝑄𝑈𝑉 ]T/𝜈3 .
The radiation path length 𝑠 changes with respect to redshift 𝑧 in a flat Friedmann-Robertson-Walker
(FRW) universe is given by

d𝑠
d𝑧

=
𝑐

𝐻0
(1 + 𝑧)−1 [
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2 (2)

(see e.g. Peacock, 1999), where 𝐻0 is the Hubble parameter, Ωr,0, Ωm,0 andΩΛ,0 are the dimension-
less energy densities of relativistic matter and radiation, non-relativistic matter, and a cosmological
constant (dark energy with an equation of state of 𝑤 ≡ −1), respectively. The subscript “0" denotes
that the quantities are measured at present (i.e. 𝑧 = 0).

The widely used magnetic diagnostics, Rotation Measure (RM) R, is defined as

R = (Δ𝜑)𝜆−2 = (𝜑 − 𝜑0) 𝜆−2 , (3)

where Δ𝜑 is the rotation of the linear polarization angle, and 𝜆 the observing radiation wavelength.
RM is stemmed from Equation 1. The full derivation can be found in On et al. (2019). Here we
summarize the key steps to highlight the different assumptions used to derive the RM quantity.

If cosmological effects are negligible, Equation 1 reduced to the standard PRT equation:
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When emission and absorption are negligible and Faraday conversion can be ignored, the simplified
two-component (𝑄,𝑈) transfer reduces to

d
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]
. (5)

It has the sole Faraday rotation coefficient 𝑓 , which is determined by the properties of free electrons
and the magnetic field along the line-of-sight. For plasma consisting of both thermal electrons and
non-thermal electrons, the Faraday rotation coefficient is given by

𝑓tot = 𝑓th + 𝑓nt =

(
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2
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(6)
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(Pacholczyk, 1977; Jones and O’Dell, 1977), in the limit of 𝜔2 ≫ 𝜔2
B. Here, 𝑛e,th is the thermal

electron number density, 𝑛e,nt is the non-thermal electron number density, 𝐵∥ = cos 𝜃 is the magnetic
field strength along the line of sight, where 𝜃 is the angle between the field and the line of sight;
𝜔 = 2π𝜈 is the angular frequency of radiation, 𝜔p = (4π𝑛e,th𝑒

2/𝑚e)1/2 is the plasma frequency,
𝜔B = (𝑒𝐵/𝑚e𝑐) is the electron gyro-frequency, the factor 𝜁 (𝑝, 𝛾i) = (𝑝−1) (𝑝+2)

(𝑝+1)

(
ln 𝛾i
𝛾i2

)
, for 𝑝 > 1,

assuming an isotropic distribution of non-thermal electrons with a power-law energy spectrum of
index 𝑝, with 𝛾i the low-energy cut-off. Using Equation 5 and the definition of linear polarization
angle, it can be shown that the change in the linear polarization angle along the line-of-sight is

d𝜑
d𝑠

=
1
2

(
1

𝑈2 +𝑄2

) (
𝑄

d𝑈
d𝑠

−𝑈
d𝑄
d𝑠

)
=

𝑓

2
. (7)

In a sufficiently weak magnetic field where 𝜔B ≪ 𝜔, if the plasma has only thermal electrons,
or non-thermal electron number density is insignificant, a direct integration of equation (7) with
𝑓 = 𝑓th yields

𝜑(𝑠) = 𝜑0 +
2π𝑒3

𝑚2
e (𝑐 𝜔)2

∫ 𝑠

𝑠0
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If non-thermal electron number density is non-negligible, the RM is given by

R(𝑠) = 𝑒3

2π𝑚2
e𝑐

4

∫ 𝑠

𝑠0

d𝑠′ 𝑛e(𝑠′) Θ(𝑠′) 𝐵∥ (𝑠′) , (9)

where 𝑛e is the total electron number density, and the weighting factor of different populations of
𝑛e contributing to the Faraday rotation effect being Θ(𝑠) = 1 −Υ(𝑠) [1 − 𝜁 (𝑝, 𝛾i)]

��
𝑠
, with Υ(𝑠) the

local fraction of non-thermal electrons. If only thermal electrons are present, Υ(𝑠) = 0 such that
Θ(𝑠) = 1, the widely-used formula in RM analysis of magnetized astrophysical media is recovered:

R(𝑠) = 0.812
∫ 𝑠

𝑠0

d𝑠′

pc

(
𝑛e,th(𝑠′)
cm−3

) (
𝐵∥ (𝑠′)
𝜇G

)
radm−2 . (10)

As such, RM—or the Faraday depth obtained through Rotation Measure Synthesis— is not only
a derived observable constructed from Stokes 𝑄, and 𝑈, but its interpretation in terms of physical
magneto-ionic conditions along the line of sight implicitly assumes that all the simplifying con-
ditions listed above are valid. RM synthesis reconstructs the Faraday depth spectrum by Fourier
transforming the complex polarization as a function of 𝜆2, providing a powerful diagnostic of
multi-component structures. Complementarily, 𝑄𝑈-fitting models the observed 𝑄(𝜆2) and 𝑈 (𝜆2)
spectra using parametric physical or phenomenological descriptions (e.g. O’Sullivan et al., 2012).
Both approaches relax the single-screen assumption and are useful tools for identifying Faraday
complexity, such as multiple emitting or rotating regions or co-spatial emission and rotation. How-
ever, to achieve full, unambiguous interpretive power, theoretical modeling of the complete Stokes
spectra and polarization maps is needed to disentangle the contributions from different components
and propagation effects. In this context, the CPRT framework provides a fundamentally different
approach: rather than inferring structure from observables, it forward-models the generation and
propagation of polarized radiation by incorporating emission, absorption, Faraday rotation, and
Faraday conversion self-consistently within an evolving cosmological setting.
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𝑧

𝑧 = 0

(𝑧, 𝜃, 𝜙)

Figure 1: An illustration of an all-sky CPRT framework employing a ray-tracing method. The CPRT equation
is solved along each light ray (shown in red), which is labelled by three parameters: the cosmological redshift
𝑧, which links to the light travelled distance (or time) and the position on the celestial sky (𝜃, 𝜙). The observer
is located at the center (𝑧 = 0). .

The CPRT framework makes this possible by allowing different types of ray-tracing calcula-
tions: from single-ray configurations (well suited to distant, compact sources), to pencil-beam
calculations—i.e., a narrow bundle of neighboring rays sampling a small solid angle—for extended
astrophysical objects and diffuse media, and to full all-sky implementations (see Fig. 1) for studies
of the Milky Way, and the cosmic web.

Examples of some of the CPRT data products for different astrophysical applications are illustrated
in Fig. 2. Column (i) illustrates the redshift evolution of the Stokes parameters along a single ray
propagating through highly rarefied intergalactic plasma, where the rapid variations in 𝑄,𝑈,𝑉 at
low redshift arise as the ray encounters denser and more strongly magnetized regions. Column
(ii) presents pencil-beam maps of the degree of linear polarization and the change in polarization
angle for a simulated galaxy cluster (Barnes et al., 2018), demonstrating how spatial variations in
the magneto-ionic medium translate into observable polarization structure. Column (iii) shows an
all-sky linear polarization obtained by applying the CPRT formalism to a magnetic universe model
(Chan et al., 2019), in which cosmological MHD simulation outputs are mapped onto the observer’s
past light cone to construct a full-sky polarized signal.

This flexibility enables CPRT to bridge the gap between detailed theoretical modeling and broadband
polarimetric observations across all cosmic environments, and to provide physically grounded
predictions for interpreting or validating results from RM synthesis and 𝑄𝑈-fitting, particularly
in regimes where spectral and spatial polarization complexity leads to degeneracies or non-unique
solutions.

3 Scientific Gains and Synergies Between Observations, Simulations, and Theory

The Cosmological Polarized Radiative Transfer (CPRT) framework represents a major step
toward uniting theoretical modeling and observation in the SKA era. By generating synthetic
all-sky full Stokes spectra, polarization maps, and RM grids, CPRT enables true apple-to-apple
comparison between simulations and observations— allowing pixel-by-pixel, statistically robust
tests of magneto-ionic models. This shared framework places observers and theorists within the
same interpretive space, ensuring that both communities can assess magnetic-field predictions on
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Figure 2: Examples of CPRT data products for various astrophysical studies. Column (i) shows the redshift
evolution of 𝐼 (intensity), 𝑄 and𝑈 (linear polarization), and𝑉 (circular polarization) along a ray propagating
through highly rarefied intergalactic space. The rapid variations in polarization at 𝑧 ≲ 0.8 arise from Faraday
rotation and conversion as the ray encounters increasingly magnetized and denser structures at lower redshift.
Column (ii) presents pencil-beam maps of the degree of linear polarization and the change in polarization
angle for a simulated galaxy cluster, showing spatial variations driven by the underlying magneto-ionic
structures. Column (iii) displays the all-sky linear polarization predicted by a magnetic universe model,
demonstrating CPRT’s ability to connect local plasma processes with global observable signatures. A
higher-resolution version of these figures and further details of the underlying model can be found in Chan
et al. (2019).

equal observational footing.

Constraining the origins and evolution of cosmic magnetic fields will be one of the key fron-
tiers enabled by this approach (see also O’Sullivan et al., 2026; Vacca et al., 2026b). By linking
cosmological MHD simulations to polarization observables, CPRT enables different magnetic-field
seeding scenarios—such as primordial and astrophysical origins—to be tested and constrained
through their predicted statistical signatures in the distribution of polarized sources, polarization
fractions, and Faraday-depth structures observed with the SKA. However, the differences between
primordial and astrophysical seeding are often subtle and can overlap, particularly in regions dom-
inated by nonlinear evolution such as galaxy clusters. The strongest discriminants are expected to
emerge from large-scale, low-density environments— filaments and voids —and from the observed
redshift evolution of magnetic-field strength and coherence.

Beyond standard RM methods, CPRT moves past the assumptions of a single (or a series of)
Faraday-rotating screen(s) and a simple polarized background. By incorporating emission, ab-
sorption, Faraday rotation, and conversion in a unified framework, it can handle complex, multi-
component sightlines and multi-phase media in an expanding Universe. This allows the validity
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of inverse-modeling methods, such as traditional RM synthesis and 𝑄𝑈-fitting, to be quantitatively
assessed under realistic conditions.

The SKA’s dense RM grid will provide millions of polarized background sources that act as
backlights shining through intervening magneto-ionic material. At the same time, diffuse polarized
synchrotron emission from the Milky Way (see e.g., Ma et al., 2026; Sun et al., 2026), galaxy
clusters (see e.g., Cassano et al., 2026; Loi et al., 2026; Vacca et al., 2026a), and the cosmic web
(see e.g. Cuciti et al., 2026; Dabhade et al., 2026; Tabatabaei et al., 2026) forms the polarized
fabric of the sky. By combining these complementary observables—the discrete backlights and the
continuous diffuse emissions—and anchoring them with CPRT predictions, a robust assessment of,
and pathway toward the reconstruction of large-scale magnetized structures becomes possible.

Foreground separation is a critical step in this process. Joint modeling of Galactic and extragalactic
magnetized plasma within the CPRT framework provides self-consistent physical templates for
disentangling overlapping foregrounds, accurately modeling frequency-dependent depolarization
and polarization enhancement, quantifying biases, and isolating the extragalactic magnetic signal
with minimal contamination.

Furthermore, Faraday tomography and multi-component analysis (see also Carcamo et al., 2026;
Tahani et al., 2026) will benefit from the SKA’s broad 𝜆2 coverage and extended baselines, which
together enhance angular and Faraday-depth resolution, while its large collecting area and wide
bandwidth improve sensitivity—enabling reconstruction of complex Faraday-depth spectra and the
disentangling of overlapping magnetized regions along the line of sight. CPRT naturally outputs
the full Stokes evolution, capturing the 𝑄(𝜆2) and 𝑈 (𝜆2) dependencies of cosmologically evolving
media—beyond the simplifying assumptions of Burn’s slab model (Burn, 1966) and its variants—
and explicitly accounting for the sequential ordering of magnetized regions and their cumulative
effects on the observed polarization. This capability offers physically grounded testbeds to assess
the reconstruction accuracy of multi-component plasmas, depolarization effects, and Faraday-thick
emission, thereby calibrating ambiguities and establishing benchmarks for SKA analysis pipelines,
while also informing the optimization of SKA survey strategies.

Last but not the least, because CPRT naturally includes cosmic expansion and evolving plasma
conditions, it allows polarization data across redshift to be compared with theoretical predictions
for magnetic-field growth, enabling tests of amplification histories and redshift evolution.

4 Summary

Looking ahead, advancing cosmic magnetism requires that instrumentation, simulations, modeling,
and theory progress shoulder to shoulder to fully realize the scientific potential of the SKA and
its pathfinders. The CPRT framework provides a robust and precise platform for this collective
endeavor—linking theoretical models of cosmologically evolving plasmas with synthetic obser-
vations and instrumental responses in a self-consistent and unambiguous manner. Its capability
to interface comoving simulation cubes and compute directly for the polarized sky represents a
major breakthrough, enabling straightforward and quantitative comparison between theory and
observation.
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Within this framework, classical RM analysis emerges as a simplified, Faraday-thin limit, while
CPRT serves as the forward-modeling and validation toolset that complements observational infer-
ence techniques such as RM synthesis and𝑄𝑈-fitting. In practice, RM-based methods remain effec-
tive for simple sightlines. However, CPRT becomes essential in the broadband, multi-component,
and cosmological regimes probed by the SKA—where Faraday complexity, line-of-sight mixing,
and light-cone effects cannot be neglected. In these cases, CPRT provides the physically con-
sistent basis required to interpret polarization spectra, test magneto-ionic models, and quantify
reconstruction uncertainties.

By placing forward modeling and inverse inference within a unified physical context, CPRT closes
the loop between simulations and observations. This enables robust, testable predictions and
supports precision studies of astrophysical and cosmological magnetism, ensuring that the SKA’s
transformative capabilities translate into physically grounded constraints on the origin and evolution
of cosmic magnetic fields.
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