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We know we reside in the Local Bubble (LB), but we know little about the
magnetized gas inside the LB. The SKA-Low with more than half of the total
number of stations distributed within 1 km distance provides enough short base-
lines and thus great surface brightness sensitivity. An SKA-Low polarization
survey covering the frequency range of 50-350 MHz will deliver high-sensitivity
and high-resolution images of diffuse polarized emission that originates from the
local interstellar medium (ISM) and is probably related with the LB. Such a sur-
vey will also determine precisely the rotation measures (RMs) for the polarized
structures using RM synthesis. These will allow us to reveal the 3D structure
of the magnetized medium in the LB and to understand how the LB forms and
evolves.
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1 Introduction

The polarization sky of Galactic diffuse emission at low frequency (≲ 300 MHz) has only been
explored recently owing to high-sensitivity telescopes such as the Murchison Widefield Array
(MWA) and the Low-Frequency Array (LOFAR).

The low frequency emission is from synchrotron radiation of relativistic electrons spiraling the
magnetic field, which is linearly polarized. When a linearly polarized wave propagates in the
magnetoionic interstellar medium, the polarization angle rotates due to an effect called Faraday
rotation. The amount of rotation is proportional to the wavelength squared, and the coefficient is the
rotation measure (RM). With broadband multichannel receiver backends at modern telescopes such
as MWA, LOFAR, and SKA, RMs can be derived using RM synthesis (Burn, 1966; Brentjens and
de Bruyn, 2005), which transfers the observed P(𝜆2) ≡ 𝑄(𝜆2) + 𝑖𝑈 (𝜆2) to 𝐹 (𝜙) ≡ 𝑄(𝜙) + 𝑖𝑈 (𝜙)
using the Fourier transform, where 𝜆 is the wavelength and 𝜙 is the Faraday depth defined as
𝜙(®𝑟) = 0.81

∫ observer
®𝑟 𝑛𝑒𝐵∥d𝑙. The integral is from the position inside the source ®𝑟 to the observer,

𝑛𝑒 is the electron density in cm−3, 𝐵∥ is the line-of-sight component of the magnetic field in 𝜇G,
d𝑙 is the increment in path length in pc, and 𝜙 is in rad m−2. The Faraday spectrum (e.g. Sun et al.,
2015), or the Faraday dispersion function (Brentjens and de Bruyn, 2005), |𝐹 (𝜙) |, represents the
emission structure of the source. RM is different from 𝜙. For a simple source without internal
Faraday rotation, |𝐹 (𝜙) | approaches a 𝛿 function, the peak 𝜙 is equivalent to the RM of the source,
and by searching for the location of the peak in |𝐹 (𝜙) |, the RM can be derived. If the source
is complex with multiple unresolved emission components, RM and 𝜙 are different; in this case,
recovering the RM is challenging (e.g. Sun et al., 2015).

The advantage of polarization observations at low frequencies is that RM can be determined much
more precisely than at high frequencies. Because P(𝜆2) and 𝐹 (𝜙) are Fourier transform pairs, the
limited observation bandwidth means a sampling window in the 𝜆2 domain, which in turn causes a
response function in the 𝜙 domain, called the RM spread function (RMSF). The full width at half
magnitude (FWHM) of the RMSF, similar to the beam width in imaging, determines the resolution
in the 𝜙 domain and thus the precision of the RM as 𝜎RM = FWHM/2SNR (e.g. Vanderwoude et al.,
2024). Here, 𝜎RM is the RM uncertainty and SNR is the signal-to-noise ratio in polarized intensity.
The FWHM is proportional to 1/Δ𝜆2, where Δ𝜆2 is the maximum separation of 𝜆2. For a 50 MHz
bandwidth centered at 200 MHz, falling in the frequency range of 50-350 MHz for SKA-Low, and
an 810 MHz bandwidth centered at 1.31 GHz for the entire SKA-Mid Band 2, 1/Δ𝜆2 is 1.46 m−2

and 14.15 m−2, respectively. This means that 𝜎RM at the lower frequency improves by an order
of magnitude for the same SNR. If the central frequency shifts to the lower end of the SKA-Low
frequency range or the bandwidth is wider, the improvement is even greater.

On the other hand, there is also a disadvantage for observations at low frequencies, particularly for
diffuse emission, which is depolarization. A detailed discussion on depolarization was presented
by Sokoloff et al. (1998). Here, we assess the depolarization factor, defined as the ratio of observed
to intrinsic fractional polarization, at a typical frequency of 200 MHz. A small depolarization
factor means a large depolarization. If the synchrotron-emitting and Faraday-rotating gasses are
mixed, there is Faraday differential depolarization and the depolarization factor can be written as
sin(2RM𝜆2)/2RM𝜆2. For a small |RM| = 5 rad m−2, the depolarization factor is already 0.03,
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indicating a nearly complete depolarization. If a turbulent Faraday-rotating gas is present in front
of a synchrotron-emitting gas, there is beam depolarization and the depolarization factor can be
written as exp(−2𝛿2

RM𝜆4), where 𝛿RM is the scattering of RM in the foreground gas within the
observation beam. For a small 𝛿RM = 0.5 rad m−2, the depolarization factor is 0.08, also indicating
a nearly complete depolarization. The depolarization becomes more severe at lower frequencies.

Polarization observations of diffuse emission at low frequencies provide an opportunity to study the
local interstellar medium (LISM) due to depolarization. Here, LISM refers to the ISM within several
hundred parsecs around the Sun. The disadvantage now becomes an advantage. Provided a maxi-
mum |RM| of 5 rad −2, the maximum path length can be estimated as 𝐿 ≈ |RM|/0.81 < 𝑛𝑒 >< 𝐵∥ >,
where < . . . > denotes an average. For < 𝑛𝑒 >∼ 0.01 cm−3 from the thermal electron model
YMW16 (Yao et al., 2017) and < 𝐵∥ >∼ 2 𝜇G (Han, 2017), 𝐿 is about 300 pc. RM scattering can
be estimated as 𝛿RM ≈ 0.81 < 𝑛𝑒 > 𝑏

√
𝐿𝑙/2

√
3 (e.g. Gaensler et al., 2001), where 𝑏 and 𝑙 are the

strength and fluctuation scale of the random magnetic field, respectively. In the solar neighborhood,
the strength of the random field is about 2-4 times that of the regular field (Haverkorn, 2015). To
cause beam depolarization, the angular scale of the fluctuation should be smaller than the beam
size Θ, which means 𝑙 ≲ 𝐿Θ. For 𝑏 ∼ 4 𝜇G, Θ ∼ 1′, and 𝐿 ∼ 300 pc, 𝛿RM is estimated to be less
than about 0.05 rad m−2, indicating that beam depolarization can be ignored. For a larger beam
width or a longer path length, 𝛿RM will be larger, causing a more severe beam depolarization. The
maximum path length becomes smaller at lower frequencies. Therefore, polarized emission from
within about 300 pc is observed at low frequencies, which probes the LISM.

Note that for the above estimate, we assume a slab of uniform statistical properties described by
𝛿RM. In reality, the ISM structure is highly non-uniformly distributed and the concept of a maximum
path length, or polarization horizon, may be line-of-sight dependent. This is even more true with
the possible 3D reconstruction of the cold gas in the first 1 kpc thanks to the latest dust maps (e.g.
Bracco et al., 2022).

The primary feature of the LISM is the local bubble (LB), where the Sun is roughly located at the
center. The LB is a cavity with a very low density of hot gas that emits X-rays and is deficient in
H i and dust (Cox and Reynolds, 1987). It is probably caused by 14-20 sequential supernovae in
the last 10-15 Myr (Fuchs et al., 2006; Breitschwerdt et al., 2016; Zucker et al., 2022). The LB can
be best delineated in the dust maps that have been constructed recently. In Fig. 1, we show a view
rendered from the 3D figure by O’Neill et al. (2024) based on the 3D dust map by Edenhofer et al.
(2024). The blue color outlines the edges of the bubble, and the average distance from the edge to
the Sun is about 170 pc.

All-sky polarization observations at low frequencies will produce images of precise RMs and
synchrotron emission contributed by the LISM, which will help to understand the origin and
evolution of the LB.
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Figure 1: View of the local bubble (LB) in the context of solar neighborhood rendered from the 3D figure
by O’Neill et al. (2024, their Fig. 9). The bubble edges are outlined with blue color and the features are
described in Table 2 of O’Neill et al. (2024).

2 Current Status

2.1 Modeling of the LB

The simulations by Maconi et al. (2023) showed that the LB made a non-negligible contribution
to dust polarization. Alves et al. (2018) showed that the LB can reproduce the dust polarization
feature at 353 GHz within 30◦ of the Galactic poles. O’Neill et al. (2025) found that the LB has a
non-negligible contribution to the dust and starlight polarization and derived a 3D magnetic field
model of the LB.

The LB also contributes to the RMs and the synchrotron emission. The synchrotron emissivity
within about 1 kpc distance from the Sun was found to be much higher than that from beyond the
distance based on observations of the absorption by H ii regions (Roger et al., 1999; Nord et al.,
2006), suggesting a local excess of synchrotron emission. By including this local excess, the total
intensity from the Galactic high latitude can be better reproduced (Sun et al., 2008; Sun and Reich,
2010). The cause of the local excess might be enhanced magnetic field or cosmic-ray electrons,
which can be related to the LB.

Korochkin et al. (2025) tried to model all-sky RMs and synchrotron emission at 22 GHz by
including the LB in addition to the large-scale field model. They found that a model of the LB
with a radius of 200 pc, a shell thickness of 30 pc, and an enhancement of magnetic field strength
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and thermal electron density by a factor of about 3 due to compressing led to better agreement
with observations. This was corroborated by modeling RMs and synchrotron polarization emission
at 30 GHz by Pelgrims et al. (2025). The RMs contributed by the LB are within ±10 rad m−2

with a clear dependence on Galactic longitude, which can be examined with observations. The
simulations by Maconi et al. (2025) produced frequency cubes of 𝑄 and 𝑈 of diffuse emission
at 1-5 GHz based on a model of the LB with enhanced thermal electron and cosmic-ray electron
densities. By running RM synthesis, they found that RMs can be recovered from diffuse emission.
Whether this holds for low frequencies needs further investigation.

2.2 Diffuse polarization sky at low frequencies

The observations of diffuse polarized emission from the Galaxy have largely been driven by LOFAR
and MWA using the RM synthesis technique. Low-frequency polarization with LOFAR, for
instance, started observing ubiquitous polarization features at |RM| < 20 rad m−2, which have been
associated with partially ionized gas, including H i emission, at the wall of the LB (Bracco et al.,
2020; Turić et al., 2021; Boulanger et al., 2024).

For LOFAR, early observations of the 3C 196 field by Jelić et al. (2014) revealed coherent large-
scale polarized structures. With the LOFAR two-meter sky survey (LoTSS, Shimwell et al., 2017),
polarization images of about 10, 000 deg2 were obtained (Van Eck et al., 2019; Erceg et al., 2022;
Šnidarić et al., 2023; Erceg et al., 2024a,b). The frequency range is 120-168 MHz divided into
480 channels each with a width of 97.6 kHz, corresponding to an FWHM of the RMSF of about
1 rad m−2. The resolution is about 5′. The RMs of the polarization structures are mainly within
±10 rad m−2 with a brightness temperature of a few K. Some of the structures are aligned with
other tracers of the magnetic field, such as H i, dust, and starlight polarization (e.g. Van Eck et al.,
2017; Bracco et al., 2020).

For MWA, early observations covering 2400 deg2 at 189 MHz with a 32-element prototype (Bernardi
et al., 2013) revealed a wealth of diffuse polarized emission with RMs mainly positive and smaller
than 10 rad m−2, at a maximum level of 13 K. Observations by Lenc et al. (2016) at 154 MHz
found polarization structures of 2◦ − 8◦ with an average brightness temperature of 4 K. The RM
peaks at about 1 rad m−2, putting the structures at a distance of about 50 pc. Byrne et al. (2022)
obtained band averaged 𝑄 and 𝑈 images at 182 MHz and found that the emission structures were
predominantly unpolarized, which could be caused by bandwidth depolarization.

We reprocessed the highest frequency band (200-230 MHz) data from the GaLactic and Extragalactic
All-sky MWA survey (GLEAM, Wayth et al., 2015) following the same procedure as described by
Lenc et al. (2016). The off-axis leakage correction and the correction of Faraday rotation caused by
ionosphere were done in the image plane. By tapering the baselines larger than 82𝜆, the synthesized
beam is very close to Gaussian with a width of about 1◦, and thus deconvolution is not needed. We
divided the band into 24 channels each with a width of 1.28 MHz, and the FWHM of the RMSF
is about 6 rad m−2. We imaged 𝑄 and 𝑈 for each channel and then run RM synthesis to obtain
the polarized intensity and RM images. Data processing is still being developed. The preliminary
images covering a sky area of about 10, 000 deg2 (Sun et al. in prep.) are shown in Figs. 2 and 3.
Areas with bad data or calibration are masked. Polarized structures of tens of degrees can be seen
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Figure 2: Preliminary image of polarized intensity at 215 MHz from MWA (Sun et al. in prep.). Areas with
bad data or calibration are masked.

in these images. RM clearly exhibits longitude and latitude-dependent patterns, which is probably
related to the LB.

3 An SKA-Low polarization survey and scientific impact

3.1 A polarization survey

The LOFAR observations of the diffuse polarized emission have high resolution but miss large-
scale emission that is critical to interpret polarized structures. The MWA observations, as shown
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Figure 3: The same as Fig. 2 but for RM.

in Figs. 2 and 3, better represent large-scale emission, but at a coarser resolution.

A low-frequency survey by SKA-Low will improve the observations of diffuse emission. The
SKA-Low is being built in stages (SKAO-TEL-0002299) with AA* containing 307 stations and
AA4 containing 512 stations. Each station contains 256 log-periodic dipoles.

We focus on the inner stations with distance less than 1 km, which provide high surface brightness
sensitivity. We simulated a 2 min snapshot observation of a source at declination 𝛿 = −60◦ with
a single 1 MHz frequency channel at 200 MHz, using the package ska_ost_array_config1

1https://gitlab.com/ska-telescope/ost/ska-ost-array-config
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Figure 4: 𝑢𝑣 coverage, baseline distribution, and sizes of the point spread function (PSF) for a 2 min
snapshot observations of a source at 𝛿 = −60◦ at a single 1 MHz channel at 200 MHz, using stations within
1 km distance.

provided by the SKA Observatory (SKAO). The 𝑢𝑣 coverage, the distribution of the baselines, and
the sizes of the point spread function (PSF) or the synthesized beam along the major and minor axes
are shown in Fig. 4. Compared to the 𝑢𝑣 distribution of LoTSS (Shimwell et al., 2017, their Fig. 2),
SKA-Low provides a better coverage of short baselines. The PSF sizes from a uniform weighting are
close to those from a natural weighting. The synthesized beam from natural weighting is symmetric
and has very low levels of sidelobes, meaning that deconvolution is not needed. The resolution
is about 6′ for the natural weighting. The minimum baseline is about 0.02 k𝜆, corresponding to
a maximum angular scale of about 3◦. Note that the simulation shown in Fig. 4 used the whole
stations. The configuration of each SKA-Low station is very flexible, and substation arrangements
can be utilized to incorporate baselines at least as short as those used with MWA to produce Figs. 2
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and 3. If all the SKA-Low stations are used with substation configuration, unprecedented images of
polarized emission with high resolution of arcseconds and large scales of degrees will be achieved,
which will revolutionize the understanding of the local ISM.

SKA-Low covers the frequency range of 50-350 MHz. The difference in the Faraday rotation
between the two ends of the frequency range is about a factor of 50. An RM causing complete
depolarization at the low-frequency end could cause no depolarization at all at the high-frequency
end. Therefore, observations at different frequencies detect polarized emission from different
distances. We therefore suggest that the total frequency band be divided into subbands each with
a width of 30 MHz. Each subband is further divided into narrow frequency channels to run RM
synthesis. The channel width of 0.05 MHz for the lowest frequency subband and 0.1 MHz for the
rest of the subbands are expected to be sufficient for |RM| less than around 10 rad m−2. The FWHM
of the RMSF is approximately 1 rad m−2 at the low-frequency end.

Sensitivity is difficult to assess. For total intensity, it probably reaches the confusion limit even for
a 2 min observation. But the confusion limit in polarization is much lower. For the polarization
images from LoTSS, the sensitivity is about 0.1 K. We expect a higher sensitivity from the SKA-Low
polarization survey.

We advocate for an SKA-Low polarization survey to be conducted by AA*. The number of stations
within 1 km distance is 215 for AA* and 260 for AA4. For surface brightness sensitivity, there will
be an improvement of about 20%. However, the timeline of AA4 is uncertain due to funding, and
there will be a planned pause after AA*.

An SKA-Low polarization survey will produce images of polarized diffuse emission with high
resolution and retaining large-scale structures. By applying RM synthesis, we will obtain precise
RMs of these emission structures.

3.2 Scientific impact

3.2.1 The local insterstellar medium and local bubble

The dense all-sky RM grid and the diffuse polarized emission from an SKA-Mid Band 2 polarization
survey is well suited to reveal the Galactic magnetic field, but is not suitable for studying the LISM.
It is difficult to separate the contribution of the LB to RM and emission from the rest of the Galactic
ISM. In contrast, the LISM is the niche of the SKA-Low with a polarization survey.

Images of diffuse polarized emission and RMs from an SKA-Low polarization survey will help to
delineate the structure of the LB. As estimated earlier, an internal |RM| of 5 rad m−2 at 200 MHz
already causes a nearly complete depolarization. However, RMs of the polarized structures from
LOFAR and MWA span a range greater than |RM| of 5 rad m−2. This indicates that a large fraction
of the polarized structures detected at low frequencies is Faraday thin, meaning that the internal
RM is small and the RM comes mainly from the medium in front of the emission. With uniform
electron density and magnetic field, RM is an indicator of the distance to the polarized emission.
The diffuse polarized emission thus leads to a 3D structure of the LB.

The current models of the LB assume a shell with an enhanced magnetic field, thermal and cosmic-
ray electron densities. This means that polarized emission and RMs are contributed by the shell. In
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this case, the synchrotron-emitting and Faraday-rotating gasses are mixed, and strong wavelength-
dependent depolarization is expected. The 3D structure of the shell can be constrained particularly
with polarized emission at the low-frequency end. With the simulations by Maconi et al. (2025),
the model of the LB can be derived by fitting the observed RMs and polarized emission. With
simulations (e.g. Bracco et al., 2022), RM contributions from the partially ionized warm and neutral
medium in addition to the fully ionized gas can also be examined.

Images of diffuse polarized emission also offer an opportunity to study turbulent magnetic fields
using techniques such as gradient (Lazarian et al., 2024). The path length is short, and thus the
influence of line-of-sight integral can be largely circumvented. The scenario of the LB caused by
sequential supernovae is expected to produce large turbulent fields, which can be investigated.

The polarized emission with associated RMs provides a way to assess the foreground influence on
observations of the epoch of reionization. In reverse to RM synthesis, mock observations of P(𝜆2)
can be derived from 𝐹 (𝜙) (e.g. Spinelli et al., 2018). In this way, the simulations are imprinted
with the real structures of the Galactic ISM.

The Discovering Sky at the Longest Wavelength (DSL) project (“Hongmeng" in Chinese, Chen
et al., 2023), an interferometer formed with satellites orbiting the Moon, will be launched in the
near future. DSL covers the frequency range of 0.1-30 MHz and will produce images of the sky
at the longest wavelength. The polarization images together with those from SKA-Low will reveal
the structure of ISM from local to very local.

3.2.2 Synergy between SKA-Low and SKA-Mid

Low-frequency polarization data from LOFAR are revealing unexpected magnetic interactions
within the multiphase ISM, where synchrotron polarization has been found to correlate with tracers
of the partially ionized cold ISM, such as H i and dust emission (Van Eck et al., 2017; Jelić et al.,
2018; Bracco et al., 2020), over large sky areas along the wall of the LB (Erceg et al., 2022, 2024b).

Faraday tomography is a powerful technique to probe the multiphase, magnetized gas. In the
future, with the unprecedented wavelength coverage of the SKA, including both the SKA-Low and
SKA-Mid instruments, it will be possible to overcome current limitations.

As in radio imaging, where the range of angular scales is set by the interferometric baseline coverage,
a limited wavelength range restricts sensitivity to small and large scales in RM space. In Fig. 5,
we show in black the expected RM scales of different interstellar gas phases, represented by their
ionization fraction and temperature (adapted from Ferrière, 2020), together with the RM-scale
sensitivity of various telescopes—such as DRAO, LOFAR, and NenuFAR—ranging from high to
low frequencies. These instruments strongly filter the RM space, resolving only restricted RM
scales that correspond to different regimes of ionized gas. While high-frequency data allow us to
explore fully ionized gas, low-frequency observations access RM scales associated with poorly and
partially ionized phases on the verge of molecular cloud formation.

Only the SKA will fully populate this diagram, representing a breakthrough for complete multiscale
studies of Faraday tomography. The combination of SKA-Low and SKA-Mid will potentially
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Figure 5: RM-scale dependence on the ionization fraction in the multiphase ISM (in black), adapted from
Ferrière (2020). The gas temperature corresponding to the ISM phase is labeled in white. The RM-scale
sensitivity of various facilities, including SKA, are shown in colors.

enable access to all available RM scales in the Galactic ISM, revealing detailed interactions between
magnetic fields and multiphase interstellar gas in various regions, including the LB.

Even SKA-Low alone will represent a major leap forward, extending the accessible RM scales by
nearly two orders of magnitude compared with existing facilities. This exceptional capability will not
only provide invaluable insights into the magnetization of the local ISM, but, by tracing multiscale
structures in poorly ionized gas, it will also enable commensal studies such as the investigation
of diffuse CO-dark molecular gas—with ionization fraction of ∼ 10−4—recently detected through
formaldehyde spectroscopic observations combining centimetre and millimetre data (Gerin et al.,
2024), thereby opening exciting prospects for synergies between SKA and the Atacama Large
Millimeter Array (ALMA).

4 Summary

We are located inside the LB, the origin and evolution of which have not yet been solved. It has been
shown that the LB makes a considerable contribution to dust polarization, RM, and synchrotron
polarized emission. The LISM including the LB is a niche for SKA-Low with an polarization
survey. At the frequency range of 50-350 MHz, the polarized emission is predominantly from a
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distance less than about 300 pc, probably related to the LB. An SKA-Low polarization survey will
produce images of diffuse polarized emission and precise RMs. This will help to reveal the 3D
structures of the LB and thus understand how the LB forms and evolves.
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