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Figure 10. Contribution of all our SPIRE-detected sources from Table 5 (purple squares) and the average SD population (light purple star) to the cosmic SFRD,
compared with other literature works. We also show the SFRD when only considering SPIRE-detected sources with consistent photo-I (teal circles). The red
line shows the total SFRD from Madau & Dickinson (2014) while the orange region shows the dust-obscured SFRD from Zavala et al. (2021). A range of other
literature results are also shown: Rodighiero et al. (2010), Dunlop et al. (2017), Gruppioni et al. (2020), Casey et al. (2021), Zavala et al. (2021), and Barrufet
et al. (2023).

(iv) We determine whether there is a possibility of lensing based
on an offset between the optical/NIR source and the FIR source.
We classify 6 sources as potentially lensed, while 13 sources are
classified as potentially having multiplicity at shorter wavelengths.
Higher resolution sub-mm/mm data and spectroscopic observations,
respectively, would confirm our tentative classifications.

(v) Our photo-I analysis reveals the SPIRE-detected sample to
lie primarily at 2 < I < 3 while our SDs favour higher redshifts
(I > 3). Both these results are consistent with our analysis of their
FIR/sub-mm colours.

(vi) We extracted physical properties for our SPIRE-detected sam-
ple and stacked SDs via FIR SED fitting. The SPIRE-detected sample
yield average properties of h!FIR/L�i = 13.6, h"dust/M�i = 8.05
and hSFRobsci ⇡ 7400 M�yr�1. This suggests that 94 per cent of
this sample are HyLIRGs. Our FIR luminosities generally agree with
literature values but tend to extend to brighter luminosities and there-
fore higher SFRs. Our dust masses tend to fall below the values in
the literature.

(vii) The extracted properties for the stacked SDs yield
(!FIR/L�) = 12.8, ("dust/M�) = 6.52, SFRobsc = 700 M�yr�1

and a redshift of I = 6.7, but the redshift-dust temperature degener-
acy prevents us from robustly constraining either of these parameters.

(viii) We compute the FIR luminosity function using our SPIRE-
detected sources. Our sample probes to higher luminosities than most
of the literature and suggests a possible excess at the high luminosity
end. However, our relatively small sample size means that most of our
data points are upper limits. To improve the statistics of our results,
we require SCUBA-2 coverage of the entire SDF.

(ix) We estimate the contribution of the SPIRE-detected sources
and stacked SDs to the cosmic SFRD. The results of the SPIRE-
detected sample show an excess from the literature results, particu-
larly at I ⇠ 1. We suggest that this is associated with the secondary
bump in the SPIRE number counts of this field at sub-mJy, which is
also estimated to be at a similar redshift, hinting at the presence of a
local overdensity in the SDF.

(x) The stacked SDs are estimated to account for ⇠ 15 per cent of
the total SFRD at I = 6.7, in agreement with literature values, and
supports the predicted decline in SFRD at I > 4.

(xi) Overall, we conclude that while a fraction of our Deep Region
sources have been constrained, future high-resolution sub-mm/mm
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Magnetic Fields in Galaxies

• Ubiquitous feature of the ISM but poorly studied in far-IR in nearby 
galaxies due to lack of facilities (eg. closure of SOFIA)


• Different structures seen in radio and dust polarization


• On large scales magnetic fields follow spiral structure


• Can be affected by outflows from starbursts or AGN


• Now detected out to very high redshift in strongly lensed systems



Dust Polarization to Magnetic Fields

starburst is driving large masses of molecular and other material out of the galaxy, removing what
would otherwise be fuel for further star formation (eg. Westmoquette et al., 2009). Studies of local
counterparts to more distant starbursts can thus provide useful insights into the physics of these
objects that is inaccessible at higher redshifts. Recent observations of M82 with SOFIA (Lopez-
Rodriguez, 2023, and references therein; see Figure 1) are a case in point, suggesting that magnetic
fields can, for a time, suppress the e↵ects of feedback, boosting star formation e�ciencies, and leading
to star formation rates well above the galaxy main sequence. M82, though, is only a weak starburst,
forming stars at ⇠ 10 M�/yr compared to > 100 M�/yr for local ULIRGs. The recent discovery of
magnetic fields in the core of the nearest ULIRG, Arp220 (Clements et al., 2025), however, suggests
that magnetic fields may have a powerful role in boosting star formation rates in such objects. This
has already been predicted on the basis of MHD simulations (Whittingham et al., 2023), with e↵ects
including a significant reduction in stellar feedback, increased SMBH accretion, and impacts on the
eventually morphology of the merged system. The detection of magnetic fields in individual DSFGs
out to z = 5.6 (Jianhang et al., 2024) shows that they can play a role out to the highest redshifts. We
thus here propose a survey of magnetic fields in a sample of local ULIRGs, through dust polarisation
observations with ALMA, to better understand the role of magnetic fields in the largest starbursts
in the local universe. The results of this investigation will help tell us whether magnetic fields can
boost star formation rates above the galaxy main sequence in starburst galaxies across the universe,
and set the scene for a larger ULIRG polarization survey if necessary.

Figure 2: Left: The primary mechanism for sub-mm dust polarisation. Dust grains in an external
magnetic field tend to become orientated perpendicular to the field lines. The unpolarised background
light from the source is absorbed by the dust grains and re-radiated as partially polarised sub-mm
emission. Diagram based on http://pasiphae.science/isp. Right: Image showing the intensity of
Arp 220 in the SMA continuum band at 345 GHz (colour) with polarization vectors overlaid (left).
These are rotated by 90 degrees in the image to the right to show the direction of the magnetic field.
Polarization is detected at a level of 2.7± 0.45% in the western nucleus at a peak significance of 6�.
The beam is shown in the bottom left corner. The white ellipses represent the rotating molecular
disks, while the positions of the nuclei are shown as white crosses. The blue-shifted and red-shifted
lobes of the outflow from the western nucleus are marked; their length corresponds to the measured
extent of the ouflow (Barcos-Muñoz et al. 2018).

Scientific Goals: Magnetic fields in dusty galaxies can be traced through polarized dust emission.
This results from the alignment of non-spherical dust grains with the external magnetic field (see Fig.
2) and is how magnetic fields both within and outside our own galaxy have been traced (see eg. M82
in Fig. 1). It has been found that observations of polarized dust emission in the FIR and submm trace
rather di↵erent structures to those seen at cm wavelengths, which come from synchrotron emission
(Borla↵ et al., 2023), with the submm polarisation traceing dust grains with large sizes in the
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In fact, while the large-scale ordered structures of the B-
field18 measured in radio and FIR are compatible in the less
dense interarm regions, significant divergence has been found
in the spiral arms of M51 (SALSA I; Borlaff et al. 2021;
Surgent et al. 2023). This result may be due to the different
thermodynamical properties between the warm diffuse ISM
and the cold dust filaments associated with star-forming regions
and molecular clouds. In the closest merger of two spiral
galaxies (the Antennae galaxies), the FIR B-field closely
follows the relic spiral arm, while the radio B-field is mostly
radial (Lopez-Rodriguez et al. 2023; SALSAVI). This result
suggests that the FIR B-field may be cospatial with the
molecular gas in the midplane of the relic spiral arm, while the
radio B-field seems to be more aligned with the dynamics of the
H I gas on an extraplanar layer above the disk affected by the
merger activity. In addition, the 1 kpc scale starburst ring of
NGC 1097 has a compressed and constant FIR B-field at the
intersection with the galactic bar, while the radio B-field has a
spiral morphology tightly cospatial with the diffuse neutral gas
(Lopez-Rodriguez et al. 2021a; SALSA II). To observe the B-
field within the cold and dense ISM affected by the star

formation activity and molecular clouds, FIR polarimetric
observations are necessary.
In this paper, we explore the structure of the B-field in a

quantitative approach probed by the FIR and radio for a sample
of 14 galaxies with diverse morphologies (grand-design spirals,
post-merger, starbursts). In addition, we will compare the
results with the B-field structure measured using radio
polarimetric observations for cases in which ancillary data
are available (see Section 2.2). Section 3 is dedicated to the
analysis of the B-field orientation maps. In Section 4 we
quantitatively analyze the structure of the B-field pitch angle
for spiral galaxies in the sample. Finally, Section 5 introduces
the structural parameter, ζ, dedicated to quantifying the
ordering ratio of the spiral B-field. The discussion and
conclusions are presented in Sections 6 and 7, respectively.

2. Data

2.1. Far-infrared Polarimetric Observations

We analyze the B-field orientations of the galaxies using the
same FIR polarimetric observations as presented in SALSA III
and IV (Lopez-Rodriguez et al. 2022a, 2022b). The associated
FIR polarimetry data are from the SALSA Legacy Program
obtained with the High-Angular Wideband Camera Plus
(HAWC+; Vaillancourt et al. 2007; Dowell et al. 2010; Harper
et al. 2018) on board SOFIA. SOFIA/HAWC+ has an optimal
combination of spatial resolution, field of view (FOV), and
sensitivity for observational tests of the theoretical connections

Figure 1. FIR magnetic field orientations in the plane of the sky represented over the galaxies in the SALSA sample (including the Antennae galaxies from Lopez-
Rodriguez et al. 2023; SALSA VI) using the Line Integral Convolution (LIC; Cabral & Leedom 1993) technique over archival background observations. References
to the specific RGB background image of each object are detailed in Appendix C. Objects are shown in relative angular sizes based on SOFIA/HAWC+ limit
detection radius. Note that this figure is only for illustrative purposes, and no analysis was derived from it.

18 Ordered fields are defined to be what polarized FIR emission or synchrotron
emission at short radio wavelengths (where Faraday depolarization is small)
measures within the telescope beam, projected to the plane perpendicular to the
LOS. Contributions for ordered fields come from anisotropic random fields,
whose average over the beam vanishes, and regular fields, whose average over
the beam is finite. To distinguish between these contributions, additional
Faraday rotation data in the radio range are needed (Beck & Wielebinski 2013).
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The two-component magnetic field of M82 685

Figure 1. 850 µm POL-2 observations of M82. Left-hand panel: POL-2 polarization vectors, with length shown in square-root scaling for clarity. Right-hand
panel: POL-2 B-field vectors (polarization vectors rotated by 90◦), shown with uniform length. In both panels, the vectors are overlaid on 850 µm Stokes
I emission. Vector thickness depends on signal-to-noise ratio in polarization fraction. Vector colour scaling is arbitrary and chosen for contrast against the
background image.

The data were reduced using the pol2map1 script recently added
to the SMURF package in the STARLINK software suite (Chapin et al.
2013). See Pattle et al. (2021) for a detailed description of the
current POL-2 data reduction process. Instrumental polarization
(IP) was corrected for using the ‘August 2019’ IP model.2 The
850 µm data were calibrated using a flux conversion factor (FCF)
of 3159 mJy arcsec−2 pW−1, the standard SCUBA-2 FCF of
2340 mJy arcsec−2 pW−1 (Dempsey et al. 2013) multiplied by a
factor of 1.35 (Friberg et al. 2016).

We binned our output vector catalogue to 8-arcsec (approximately
Nyquist-sampled) pixels. The per-pixel rms noise values in the vector
catalogue were then remodelled using the pol2noise script, which
models map variance as the sum of three components, based on
exposure time, the presence of bright sources, and residuals. The
average rms noise in Stokes Q and U in the centre of the map on
8-arcsec pixels is 0.0052 mJy arcsec−2 (1.2 mJy beam−1).

The observed polarized intensity is given by

PI′ =
√

Q2 + U 2. (1)

However, this quantity is biased by its defined-positive nature. We
debiased PI using the modified asymptotic estimator (Plaszczynski
et al. 2014; Montier et al. 2015):

PI = PI′ − 1
2

σ 2

PI′

(
1 − e−

(
PI′
σ

)2)
, (2)

where σ 2 is the weighted mean of the variances σ Q and σ U,

σ 2 =
Q2σ 2

Q + U 2σ 2
U

Q2 + U 2
, (3)

calculated on a pixel-by-pixel basis. Observed polarization fraction
p′ is then given by p′ = PI′/I, and equivalently, debiased polarization
fraction by p = PI/I. In the following analysis, we use p rather than
p′ except where specifically stated otherwise.

1http://starlink.eao.hawaii.edu/docs/sun258.htx/sun258ss73.html
2https://www.eaobservatory.org/jcmt/2019/08/new-ip-models-for-pol2-da
ta/

Polarization angle is given by

θp = 0.5 arctan(U, Q). (4)

Throughout this work we assume that dust grains are aligned
with their minor axis parallel to the magnetic field direction (e.g.
Andersson, Lazarian & Vaillancourt 2015), and so that the plane-of-
sky magnetic field direction can be inferred by rotating θp by 90◦.
We discuss the validity of this assumption in Section 3.2, below. We
note that the polarization angles that we detect are not true vectors,
as they occupy a range in angle 0◦–180◦. We none the less refer to
our measurements as vectors for convenience, in keeping with the
general convention in the field.

3 R ESULTS

The polarization vector maps observed with POL-2 are shown in
Fig. 1. We show all vectors with p/dp > 2 and I/dI > 10. Vector
weights in Fig. 1 show signal-to-noise ratio in p/dp. It can be seen
that the position angles of the p/dp > 2 vectors agree well with those
of the p/dp > 3 vectors, and so we include them in our analysis.

Our results agree well with both the original SCUPOL 850 µm
vector map of Greaves et al. (2000), and the reprocessed map of
Matthews et al. (2009). We note that the SCUBA/SCUPOL and
SCUBA-2/POL-2 systems have nothing in common apart from the
JCMT dish itself. The POL-2 and SCUPOL measurements were
made using separate polarimeters, cameras, observing modes, and
data reduction algorithms, and so are fully independent.

3.1 Magnetic field morphology

We see, broadly, two behaviours: in the galactic centre, the field is
perpendicular to the direction of the bar, while in the outer galaxy,
the field is parallel to the spiral arm structure.

The distribution of magnetic field angles is shown in Fig. 2. The
field in the galactic centre can be seen as a strong peak at 161◦ ±
13◦ E of N (circular mean value, calculated over vectors where I >

1.1 mJy arcsec−2), while the vectors associated with the outer galaxy
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The two-component magnetic field of M82 687

panel of Fig. 3. We can see the transition from a perpendicular,
poloidal, field pattern that dominates in the galactic centre to a
field approximately parallel to the spiral arms in the outer galaxy.
With the exception of one data point at a radius of ∼3 kpc that is
offset from the spiral arm direction by ∼80◦ (RA = 09h55m49s,
Dec. = +69◦41′20.′′9), the spiral-arm-aligned component emanating
from the disc appears to dominate over the poloidal component
beyond a galactocentric radius ∼2 kpc. The transition occurs at an
850 µm flux density ∼0.6 mJy arcsec−2, at a plane-of-sky distance
∼20 arcsec above/below the bar. Assuming an inclination of 76.◦9
and a distance of 3.5 Mpc, this corresponds to a height above the
disc of ∼350 pc.

3.2 Grain alignment

Observations of polarized dust emission typically show a power-law
dependence, p ∝ I−α , where 0 ≤ α ≤ 1 (Whittet et al. 2008; Jones
et al. 2015). A steeper index (higher α) indicates either poorer grain
alignment with respect to the magnetic field or more variation of the
magnetic field direction along the line of sight (LOS): α = 0 indicates
that grains are consistently aligned throughout the LOS, while
α = 1 implies complete randomization of either grain alignment
or magnetic field direction along the LOS (Pattle et al. 2019).

We measured α using the method described by Pattle et al. (2019),
in which we assume that the underlying relationship between p and
I can be parametrized as

p = pσQU

(
I

σQU

)−α

, (5)

where pσQU
is the polarization fraction at the rms noise level of the

data σ QU, and α is a power-law index in the range 0 ≤ α ≤ 1. We fitted
the relationship between I and observed non-debiased polarization
fraction p′ with the mean of the Ricean distribution of observed
values of p that would arise from equation (5) in the presence of
Gaussian rms noise σ QU in Stokes Q and U:

p′(I ) =
√

π

2

(
I

σQU

)−1

L 1
2

(
−

p2
σQU

2

(
I

σQU

)2(1−α)
)

, (6)

where L 1
2

is a Laguerre polynomial of order 1
2 . See Pattle et al.

(2019) for a derivation of this result. We restricted our data set to the
central 3-arcmin diameter region over which exposure time, and so
rms noise, is approximately constant (Friberg et al. 2016).

The relationship between p′ and I in M82 is shown in Fig. 4. By
fitting equation (6) to the data, we measure a best-fitting index of
α = 0.25 ± 0.08. This suggests that in our observations of M82,
grain alignment remains quite good and that a single average field
direction along the LOS dominates the 850 µm emission at most
locations, implying a sharp transition from the poloidal component
to the orthogonal toroidal component dominating the emission profile
above and below the bar. We see hints of a line of null polarization at
∼25 arcsec above and below the bar, perhaps delineating the locations
where the wind and disc dust components contribute similar amounts
of polarized 850 µm emission.

4 D ISCUSSION

We posit that the polarization geometry observed at 850 µm can
easily be reconciled with observations at other wavelengths if it
traces the poloidal magnetic field in the central starburst at small
galactocentric radii, and a toroidal/spiral-arm-aligned field in the
disc of M82 at large galactocentric radii. In Fig. 3, we show that the
magnetic field direction transitions from being broadly perpendicular

Figure 4. Non-debiased polarization fraction as a function of Stokes I
intensity, fitted with a single-power-law distribution and a Ricean noise model,
as described in the text. All data points in the central 3-arcmin-diameter region
of the image are shown and fitted; those at p/dp > 2 are shaded in grey; those
at p/dp > 3 are shaded in black. The best-fitting model, with a power-law
index α = 0.25 ± 0.08, determined by fitting equation (6) to the data, is
shown as a solid red line. The behaviour in the absence of true polarized
signal, p′ =

√
π/2(I/σQU )−1, is shown as a dashed red line.

Figure 5. HAWC+ 53 µm (thin magenta) and 154 µm (thick light blue)
magnetic field vectors (Jones et al. 2019), overlaid on 850 µm Stokes I
emission. Mayya et al. (2005) spiral arm model is shown in light grey.

to the bar in the galactic centre to being broadly parallel to the spiral
arms at larger galactocentric radii.

Many previous studies have suggested the existence of a two-
component magnetic field in M82 (cf. Jones 2000, fig. 5). Obser-
vations of other spiral galaxies (e.g. M51; Jones et al. 2020) show
magnetic fields running parallel to the spiral arms, in keeping with
the αω-dynamo model. We note that at the signal-to-noise ratio that
we achieve in the outer parts of M82, it is difficult to definitively
distinguish between a field generically toroidal around the galactic
centre and one running along the spiral arms. However, both theory
and previous observation lead us to expect fields to be parallel to
spiral arms where such arms exist (Beck et al. 1996).

HAWC+ 53 and 154 µm vectors (Jones et al. 2019) are shown in
Fig. 5. We see good agreement between the POL-2 and HAWC+ re-
sults in the centre of the galaxy, with all three wavelengths appearing
to trace the poloidal field component. While the HAWC+ 53 µm
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• On large scales magnetic fields follow spiral structure


• Can be affected by outflows from starbursts or AGN


• Now detected out to very high redshift in strongly lensed systems



Chen, J., et al.: A&A, 692, A34 (2024)

Fig. 1. The observed dust polarisation and the inferred orientation of the plane-on-the-sky magnetic fields in SPT0346�52. (a–c) are the maps
of Stokes parameters I, Q, and U. The ellipse with diagonal hatching in a) shows the size of the final clean beam (0.3800 ⇥ 0.300). The light blue
vectors (without direction) show the orientation of the magnetic fields, with their length proportional to the polarised fraction. A legend of a 2%
polarisation fraction is shown in the bottom right corner of panel a). In all the maps, the white contours show the signals at a certain significance
level relative to the RMS of the noise. The dashed contour indicates the negative value, while solid contours show the positive levels. In Stokes I,
the white contours start at 5� level of the RMS and increase with a step of 20� (�=12µJy beam�1). The contours of Stokes Q and U start at 3�
and increase with a step of 2�. (d) shows the linear polarised intensity. The contours start at 3� and increase with a step of 2� (�=8.5µJy beam�1).
The detection of polarised dust emission indicates that SPT0346�52 has already developed kiloparsec-scale ordered magnetic fields at z=5.6.

Table 2. Best-fit lens parameters for SPT0326�52.

Parameters Definition Value

x RA of mass centre 03:46:41.43
y RA of mass centre –52:05:06.36
zlens Redshift of lensing galaxy 0.9
zsource Redshift of source galaxy 5.565
ex Elliptical component x �0.38 ± 0.01
ey Elliptical component y �0.18 ± 0.01
r Einstein radius (arcsec) 1.18 ± 0.01
↵ Slope 2.66 ± 0.01
�x Elliptical components of shear in x �0.218 ± 0.001
�y Elliptical components of shear in x �0.093 ± 0.002

A34, page 4 of 12

z=5.6 Chen et al., 2024
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level similar to local star-forming disks and starburst galaxies, with a 
key difference being the order-of-magnitude difference in gas mass 
and star-formation rate, with the disk of 9io9 being close to molecular 
gas dominated, contrasted with the fgas ≅ 10% gas fractions of local 
star-forming disks9.

The large-scale ordered magnetic fields that exist in massive disk 
galaxies in the local Universe is thought to arise through the amplifica-
tion of seed fields, and this has been predicted to occur on relatively 
short cosmological timescales, of order 1 Gyr (refs. 10–12). Weak seed 
fields (as low as B ≅ 10−20 G) could be formed in protogalaxies either 
through trapping of a cosmological field, possibly primordial in nature, 
or through the battery effect following the onset of star formation13–16. 

Although turbulent gas motions in disks can reduce net polarization if 
they impart a strong turbulent component to the B field17, recent theo-
retical models of the formation of galactic-scale magnetic fields invoke 
turbulence in the ISM as the origin of a ‘small-scale’ dynamo that can 
rapidly amplify the weak seed fields to µG levels12,18,19. This small-scale 
dynamo is mainly driven by supernova explosions with coherence 
lengths of order 50–100 pc, but turbulence can be injected into the ISM 
on multiple scales through disk instabilities and feedback effects, includ-
ing stellar winds and outflows driven by radiation pressure, supernova 
explosions and large-scale outflows from an active galactic nucleus.

The average turbulent velocity component of the disk of 9io9, deter-
mined from kinematic modelling of the CO emission, is σv ≅ 70 km s−1 
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Fig. 1 | The magnetic field orientation of the gravitationally lensed galaxy 
9io9 at z = 2.553. a–d, ALMA 242 GHz polarimetric observations of the Stokes 
I, Q and U parameters, and the polarized intensity (PI). The synthetic beam of 
the observations (1.2″ × 0.9″, θ = 68°) is shown as the red ellipse, lower left. The 
B field orientation is indicated by white lines shown at the Nyquist sampling, 

with line lengths proportional to the polarization fraction. e–h, Synthetic 
polarimetric observations using a constant B field configuration in the source 
plane. Contours indicate signal to noise: for Stokes I, the contours increase as 
σI × 23,4,5,…. For Stokes Q and U and for PI, the contours start at 3σ and increase in 
steps of 1σ. Dec., declination; RA, right ascension.
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Fig. 2 | Source plane configuration of the magnetic field and lensing model. 
a, Source plane intensity and field orientation. b, Lensed source plane image.  
c, Synthetic observations with the synthetic beam size (1.2″ × 0.9″, θ = 68°) 
indicated by the red ellipse. The B field orientation is indicated by white lines 

with lengths proportional to the polarization fraction. The median and root 
mean squared values of the polarization fraction and B field orientation are 
indicated in the images. The caustics in the source plane and image plane are 
shown as green and yellow lines, respectively.

z=2.6 Geach et al., 2023



Magnetic Fields in Mergers
• Not much simulation work done on MHD (vs. HD) on galaxies or galaxy 

mergers


• Whittingham et al. (2023):


• ‘We find that magnetic fields modify the transport of angular momentum, 
systematically hastening the merger progress.’


• ‘stellar feedback is substantially less influential in MHD simulations, which 
allows for the later accretion of higher angular momentum gas’


• Implies impact on both star formation in the merger - providing fuel faster & 
longer - and increasing SMBH growth



Magnetic Fields in Local ULIRGs
• Star formation in most local ULIRGs is dominated by their central regions


• Late stage mergers so can look for AGN and other feedback effects 
leading to quenching


• Bright & compact in the far-IR/submm


• Need interferometry for this since scales are much smaller than SOFIA can 
reach (or PRIMA in the future)


• Start with the nearest and brightest: Arp220


• Turns out it’s the only ULIRG bright enough for polarization observations 
with the SMA



6 of 8 antennae used for these observations

Dual receiver mode with 24 GHz bandwidth


347 GHz central frequency

0.77x0.45 arcsec beam (EXT config)


1mm PWV - excellent conditions

3mJy 1σ in I, 0.5 mJy in Q and U




Arp 220 Polarization

starburst is driving large masses of molecular and other material out of the galaxy, removing what
would otherwise be fuel for further star formation (eg. Westmoquette et al., 2009). Studies of local
counterparts to more distant starbursts can thus provide useful insights into the physics of these
objects that is inaccessible at higher redshifts. Recent observations of M82 with SOFIA (Lopez-
Rodriguez, 2023, and references therein; see Figure 1) are a case in point, suggesting that magnetic
fields can, for a time, suppress the e↵ects of feedback, boosting star formation e�ciencies, and leading
to star formation rates well above the galaxy main sequence. M82, though, is only a weak starburst,
forming stars at ⇠ 10 M�/yr compared to > 100 M�/yr for local ULIRGs. The recent discovery of
magnetic fields in the core of the nearest ULIRG, Arp220 (Clements et al., 2025), however, suggests
that magnetic fields may have a powerful role in boosting star formation rates in such objects. This
has already been predicted on the basis of MHD simulations (Whittingham et al., 2023), with e↵ects
including a significant reduction in stellar feedback, increased SMBH accretion, and impacts on the
eventually morphology of the merged system. The detection of magnetic fields in individual DSFGs
out to z = 5.6 (Jianhang et al., 2024) shows that they can play a role out to the highest redshifts. We
thus here propose a survey of magnetic fields in a sample of local ULIRGs, through dust polarisation
observations with ALMA, to better understand the role of magnetic fields in the largest starbursts
in the local universe. The results of this investigation will help tell us whether magnetic fields can
boost star formation rates above the galaxy main sequence in starburst galaxies across the universe,
and set the scene for a larger ULIRG polarization survey if necessary.

Figure 2: Left: The primary mechanism for sub-mm dust polarisation. Dust grains in an external
magnetic field tend to become orientated perpendicular to the field lines. The unpolarised background
light from the source is absorbed by the dust grains and re-radiated as partially polarised sub-mm
emission. Diagram based on http://pasiphae.science/isp. Right: Image showing the intensity of
Arp 220 in the SMA continuum band at 345 GHz (colour) with polarization vectors overlaid (left).
These are rotated by 90 degrees in the image to the right to show the direction of the magnetic field.
Polarization is detected at a level of 2.7± 0.45% in the western nucleus at a peak significance of 6�.
The beam is shown in the bottom left corner. The white ellipses represent the rotating molecular
disks, while the positions of the nuclei are shown as white crosses. The blue-shifted and red-shifted
lobes of the outflow from the western nucleus are marked; their length corresponds to the measured
extent of the ouflow (Barcos-Muñoz et al. 2018).

Scientific Goals: Magnetic fields in dusty galaxies can be traced through polarized dust emission.
This results from the alignment of non-spherical dust grains with the external magnetic field (see Fig.
2) and is how magnetic fields both within and outside our own galaxy have been traced (see eg. M82
in Fig. 1). It has been found that observations of polarized dust emission in the FIR and submm trace
rather di↵erent structures to those seen at cm wavelengths, which come from synchrotron emission
(Borla↵ et al., 2023), with the submm polarisation traceing dust grains with large sizes in the

2

Circles indicate known dust/gas disks, red/blue arrows indicate 
known outflow in W nucleus
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Results
• Dust polarization and thus magnetic fields 

detected in brighter W nucleus at 6𝜎, with 
2.7±0.45% polarization


• Magnetic field aligned with dust/
molecular disk


• Slight misalignment due to interaction 
effects?


• No sign of young (~105 yr) outflow 
reshaping magnetic fields yet


• Magnetic field confining outflow?

See Clements et al. 2025

for more details



Next Steps

• E nucleus ~ 1/2 as bright as W nucleus, so would not expect to detect 
polarization at this level (still get 2.8σ indicative result)


• More data coming which should be able to get to sufficient depth


• Ideally need more sensitivity and resolution to see better what’s going on


• Need sample of local ULIRGs to get information on population


• Suggests need for ALMA and NOEMA: proposals submitted or in prep



Our SMA intensity image

Archival ALMA intensity

image at same freq


(Scoville PI)

Archival polarization data exist

for Arp220 but are not yet public



ALMA image including CO emission & continuum





In 1200 hours: PRIMA can
measure the D/H isotopic ratio of
water in a statistically-significant
sample of solar system comets - 
a key constraint to the origin of
water on Earth

In 100 hours: PRIMA can map
magnetic fields in the diffuse gas
in many local galaxies, revealing
their role in how star-forming
clouds are born

In 5000 hours: PRIMA can
survey the entire sky to a
sensitivity 100x deeper
than IRAS and Akari that
would engender a legacy
of discovery
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PRIMA's 3-5 orders of magnitude gain in spectral mapping speed
unlocks science discovery space between JWST and ALMA. With
75% of observing time dedicated to GO science, PRIMA can obtain
spectra of hundreds more protoplanetary disks, young stars, and
distant galaxies than Herschel. See the PRIMA GO Science Book
(https://arxiv.org/abs/2310.20572) for cases already identified by
the community.

GENERAL OBSERVER SCIENCE

ALL PI-SCIENCE DATASETS WILL BE RAPIDLY AVAILABLE TO THE COMMUNITY

PRIMA Objective: Compare the dust properties and metal
content of dusty galaxies from cosmic noon to the present
day and quantify the diversity of dust environments in the
local universe.

BUILDUP OF DUST AND METALS

Decadal Goal: Measure the buildup of heavy elements
and interstellar dust from early galaxies to today.

ORIGINS OF PLANETARY
ATMOSPHERES

PRIMA Objective: Determine abundances in protoplanetary 
disks for comparison with exoplanet atmospheres and
reveal whether water is essential to planet assembly.

Decadal Goal: Trace the astrochemical signatures
of planet formation. 
Decadal Goal: Trace the astrochemical signatures
of planet formation. 

PRIMA Objective: Provide a simultaneous measurement of black hole
and galaxy growth from the peak of their development at z=2 (cosmic
noon) up to the present day, and determine if winds in luminous
galaxies quench star formation. 

EVOLUTION OF GALACTIC ECOSYSTEMSDecadal Goal: Probe the co-evolution of galaxies and
their supermassive black holes across cosmic time.

z=2 Today

UNVEILING OUR COSMIC ORIGINS IN THE FAR INFRARED

PRobe far-Infrared Mission for Astrophysics
PRIMA provides broad continuous spectral coverage from 24 to 261µm, a critical 
region of the spectrum that reveals the origins of planetary atmospheres, evolu-
tion of galactic ecosystems, and the buildup of dust and metals over cosmic time.

PRIMA Website

prima.ipac.caltech.edu



Conclusions

• Magnetic fields potentially important in mergers and starbursts


• Dust polarization studies with mm/submm interferometers now possible


• SMA observations have detected dust polarization in Arp220


• New window on the forces that control the brightest far-IR sources in the 
local universe


