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3. Synchrotron and Dust Polarisation

5. Implications

If type-II supernovae – the evolutionary endpoints of massive stars – produce a significant  quantity of dust then they can explain the FIR/sub-mm emission observed towards galaxies and 
quasars in the first ~1 Gyr of the Universe. Sub-mm observations of Cas A [1] provided the first observational evidence for the formation of significant quantities of dust in SNe.  Other 
interpretations for the sub-mm emission have been proposed including a partial or total contribution from foreground molecular clouds [2,3] and a small quantity of iron needles [4]  which 
would radiate 100,000 times more efficiently than  ‘standard’ dust grains. Theoretical models predict that of order ~ 1 solar mass of dust could form in supernovae remnants [5]. 
Observations at shorter mid and far-IR wavelengths find far less dust than this; they are, however, sensitive only to warm dust. The sub-mm observations of Cas A and Kepler [1,6] provide 
the only direct evidence for large quantities of dust and so determining the true origin of the sub-mm emission is of paramount importance.  

Synchrotron emission is polarised in Cas A at the level of a few 
percent. The polarisation is constant with frequency from 5GHz–2 
micron. Dust emission can also be polarised if the grains align 
efficiently (e.g. within a magnetic field) and have a non-spherical 
shape.

Sub-mm polarisation above that expected from the synchrotron and 
aligned with the remnant magnetic field would be evidence that cold 
dust is associated with the remnant.  A strongly polarised sub-mm 
signal may signify the existence of needle grains as they should be  
highly aligned with the magnetic field.  Submm polarimetry is therefore 
a useful test to attempt to separate the foreground molecular (with non-
polarised dust) component from the remnant (possibly polarised dust).

The SCUBA data (Fig 1, 2) were taken in exceptional weather in 2004 
and reduced in the standard way using SURF POLPACK.  The data 
are robust to changes in the data reduction methods. We simulated the 
effects of chopping onto polarised foreground emission using the sub-
mm scan maps as a guide and find that the result  is unaffected.

1. Overview

2. Submm polarimetry of Cas A

•There is sub-mm polarisation in Cas A significantly in excess of that expected from the synchrotron and it is aligned with the magnetic field in Cas A.

•It cannot be produced by a known synchrotron mechanism therefore we conclude that it arises from aligned dust grains within the remnant. 

•Some fraction of the cold dust must be associated with the remnant to produce the polarised sub-mm emission, we estimate a minimum of ~ 1 solar mass.

•Dust emissivity is required to be at least an order of magnitude more than “typical” interstellar dust.

•The high degree of sub-mm polarisation implies a highly efficient alignment mechanism at work in Cas A, or the presence of exotic grains such as the iron needles proposed by [4].

Fig 3.  Magnetic field angle vs azimuth in 
Cas A. Black points are sub-mm position 
angles (PA), blue are K-band position 
angle [7] and red are 5 GHz PA corrected 
for the local rotation measure. The 
agreement is good within the systematics 
indicating that all three trace the same 
magnetic field.   

If the polarised emission is from dust then we can estimate the dust polarised fraction as:

Eq. 1

Where ps is the measured sub-mm polarisation (%), pr is the 5 GHz polarisation (%) and Ir/Id is the ratio of 
the synchrotron to dust emission at that point. A histogram of pd is show in Fig 5, the average for pd is 30%.  
We can also create a map of 850 micron dust flux density by scaling the 5-GHz map using a radio spectral 
index map. This produces the colour image in Fig 6. This image is slightly different from that in [1] as it has 
more dust flux in the north – this is due to using  spatially varying spectral index to extrapolate the 
synchrotron flux rather than an average value for the whole remnant. Over-plotted on the dust map are the 
dust polarisation vectors from Eqn 1. and also contours of CO(2-1) from [10].  

Fig. 1: Left: Cas A at 850 microns [1] showing regions observed by SCUBA polarimeter.  On-source fields are solid lines and chop positions shown 
by dashed lines. The white region is one where CO, radio and submm are bright.  The red region is one with no CO emission, but is still bright in 
radio and submm.  Middle: Sub-mm polarisation vectors overlaid on the SCUBA 850 micron map [1]. Vectors are rotated by 90 degrees to show 
the direction of the magnetic field.  Right. 5 GHz vectors overlaid on a 5 GHz image, corrected for rotation measure. The sub-mm polarisation is a) 
aligned with the field of the remnant and b) much greater than that at 5 GHz. 

Fig. 6: (left) Synchrotron subtracted image showing the 
dust with dust polarisation vectors from Eq. 1.  Contours 
are molecular gas as traced by CO(2-1) emission. 

T h e l e v e l o f t h e s u b - m m 
polarisation is far above that of the 
s y n c h r o t r o n ( F i g 2 ) . T h e 
orientation of the sub-mm vectors 
agrees well with the direction of 
the B-field in Cas A as determined 
from rotation corrected radio data 
and from 2.2-micron polarisation 
[7] data (Fig 3, 4). The excess 
sub-mm polarisation is therefore 
related to the same magnetic fields 
responsible for producing the 
synchrotron emission.

We do not believe that the excess 
submm polarisation is synchrotron. 
The fractional polarisation remains 
roughly constant from 5 GHz to 2.2 
microns [7-9]. This indicates that 
there is no depolarisation at
work at frequencies of 5 GHz and 
higher. Currently, no physical 
process is known which could 
cause a ‘peak’ in the synchrotron 
polarisation in this way. 

The most plausible explanation for 
the excess sub-mm polarisation is 
dust grains aligned with the 
magnetic field of the remnant.

Fig 2. Histogram showing the polarisation degree of the sub-mm data (red) and the 5-GHz data 
(black). The dashed line shows the expected polarisation at 850 micron by extrapolating Q and U 
from the 5-GHz map to 850 micron using a radio spectral index map. These Q and U are then 
combined with the I from the sub-mm scan map [1] to produce the values for p% shown here.  

We find that:

1) There is dust emission and polarisation in the 
north of the remnant but no corresponding CO.

2) The sub-mm polarisation anti-correlates with 
the CO.  This is consistent with the suggestion by 
[2,3] that the sub-mm emission at the western 
peak is contaminated by foreground  clouds.
 
3) There is excess polarised emission at the 
location of the CO peak which means that some 
of the sub-mm flux there must be associated with 
the remnant. The dust intensity and polarised flux 
in the north are not associated with CO. Thus the 
finding of [2] that  ‘there is no cold dust in Cas A’ 
is not correct.

The integrated flux density at 850 microns from 
cold dust emission is 20.1 Jy.  Assuming the 
whole remnant is polarised at the same mean 
level (30%) we can estimate a minimum dust 
mass for Cas A by attributing the polarised flux to 
the remnant.  This gives a revised 850-micron 
flux of 6 Jy and a dust mass intrinsic to the 
remnant of ~ 1 solar mass.

 The strong signal may arise in exotic grains such 
as iron or graphite needles.  Higher-resolution 
polarimetry at 850 microns is required to confirm 
the polarisation signal and provide a comparison 
at the spatial resolution of the radio synchrotron 
emission. 
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Fig 4.  Radio vs submm position angle 
for the two regions (Fig 1).  Filled circles 
represent the western region, open 
represent the north.

Fig. 5: (above) Histogram of dust polarisation %. These values 
are very large implying very efficient alignment.

4. Results

pd =
(ps ! pr) Ir

Id
+ ps


