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Mystery of Dust in the early Universe 

l After Big Bang, the first stars are born and die as supernovae.
l A huge amount of dust is observed in high red-shifted galaxies
l The early Universe was too young for the well-known dust source 

of the evolved stars to exist.  Where does the dust come from?
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Cas A: Dust forms in Ejecta

Dust (including Silica) Ejecta (Ar)

Did dust grains form in the SN ejecta? pre-SN dust or ISM swept up dust
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Why Polarization? 

2.5 m telescope

The Stratospheric Observatory for
Infrared Astronomy (SOFIA)

• How does the magnetic field flow? 
• What type of dust grains are present? 
• How large are the dust grains? 
• What shapes are the dust grains? 
• How does the dust align with the  magnetic field?
• Are supernovae the number 1 dust producer in the early Universe? 

..............................................................
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A large amount (about three solar masses) of cold (18K) dust in
the prototypical type II supernova remnant Cassiopeia A was
recently reported1. It was concluded that dust production in type
II supernovae can explain how the large quantities (,108 solar
masses) of dust observed2 in the most distant quasars could have
been produced within only 700 million years after the Big Bang.
Foreground clouds of interstellar material, however, complicate
the interpretation of the earlier submillimetre observations of
Cas A. Here we report far-infrared and molecular line obser-
vations that demonstrate that most of the detected submillimetre
emission originates from interstellar dust in a molecular cloud
complex located in the line of sight between the Earth and Cas A,
and is therefore not associated with the remnant. The argument
that type II supernovae produce copious amounts of dust is not
supported by the case of Cas A, which previously appeared to
provide the best evidence for this possibility.

It is well known that the Cas A supernova remnant is occulted by
interstellar clouds of molecular gas3, as was demonstrated by the
discovery of the OH molecule in absorption against it; this was the
first radio detection of a molecule in interstellar space4. The visual
extinction caused by dust associated with these clouds is probably
the reason why only tentative historical records exist for the super-
nova outburst around AD 1680, although its proximity (3.4 kpc)
would havemade Cas Amost probably the brightest stellar object in
the sky5. The thermal emission of this foreground material should
be easily detectable in submillimetre observations, given the
high column densities of molecular gas (N(H2) . 1022 cm22)
towards the supernova remnant6. Dunne et al.1 indeed note “an
area of diffuse emission to the west of the remnant”, which they
removed, however, as being an instrumental artefact. Such extended
emission was also noted independently by the observers who
originally obtained the submillimetre data7 using the Submillimetre
Common-User Bolometer Array (SCUBA)8.

To clarify the nature of the submillimetre emission, we have
observedCas A at 160 mmusing theMultiband Imaging Photometer
(MIPS)9 aboard the Spitzer Space Telescope. Not only does the
spectral response of this band lie near the peak of the emission of
cold interstellar dust, but the detectors are d.c.-coupled and operate
in staring mode, so they respond well to extended emission. Our
new measurements show an extended emission component (Fig. 1a
and 2), distributed towards the southeast and west far beyond the
forward shock that defines the outer boundary of the supernova
remnant. The same large-scale emissionwas independently detected
at 170 mm using the ISOPHOT10 Serendipity Survey11, ISOSS
(Fig. 2).

Figure 1 Continuum and molecular line emission from dust and gas. a–c, Nyquist-
sampled SCUBA 850mm images after removal of the synchrotron component by

subtracting a 3.7mm image24 scaled to match the extrapolated12 synchrotron flux of 35 Jy

at 850mm. The white circles indicate the position of the reverse and forward shocks

estimated from X-ray observations. The total flux of integrated 850mm dust emission

within the forward shock is 16.0 ^ 2.4 Jy (1 Jy ! 10226 Wm22 Hz21). The contours

overlaid are 160mm surface brightness (black, increment 30MJy sr21) and integrated

intensity of 13CO J ! 1–0 emission (blue, increment 2.5 K km s21) (a), 850mm surface

brightness (increment 20mJy per beam, starting at 95mJy per beam) (b) and integrated
optical depth of OH 2P3/2 F ! 2–2 absorption (increment 0.1) (c). Beam sizes are

indicated (circles at lower right). The OH and 3.7mm observations have been convolved to

match the 15 00 SCUBA beam and were sampled at the same positions. d, The baseline
flattened and synchrotron subtracted 850mm map from Dunne et al.1 with the same

contour levels as b for comparison. All panels show an area of 12 0 £ 12 0 centred at the

remnant. Dec., declination; RA, right ascension.
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SOFIA HAWC+ (High-Resolution Airborne Wideband 
Camera Plus) Polarization observation 

350 yr old
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June 13, 2022, Mountain View, CA – New research detected strong polarization 
from a young supernova remnant. It provided independent and solid evidence 
that the cosmic dust in the early Universe was formed in supernovae. While it’s 
true that supernovae eject and destroy cosmic dust, infrared observations now 
suggest that the dust formed at an early stage of a supernova. SOFIA HAWC+ 
(Stratospheric Observatory for Infrared Astronomy High-Resolution Airborne 
Wideband Camera Plus) Band D observations of the young supernova remnant 
(SNR) Cassiopeia A (Cas A) show high polarization at the 5-30% level. This 
polarization indicates:

• Polarized dust emission detected in far-infrared belongs to the SNR, and 
supernovae are producers of a large mass of dust (some papers, including 
in Nature, have indicated the dust is only from the clouds in the line of sight 
and there is no cold dust in Cas A)

• Newly formed dust grains in supernovae are large and elongated rather 
than spherical

• Silicate grains are the dominant dust to have such strong polarization
• Supernovae are important dust sources in the early Universe

Dr. Jeonghee Rho, a research scientist at the SETI Institute and the lead author of 
this research, said that the polarized dust emission belongs to the SNR Cas A and 
is not random interstellar emission. Studying far-infrared emissions is tricky since 
it is everywhere in the sky. Searching for emissions associated with supernovae is 
GSWKXCNGPV�VQ�ƂPFKPI�C�PGGFNG�KP�VJG�JC[UVCEM��2QNCTK\CVKQP�QDUGTXCVKQPU�UJKPG�PGY�
light on that. 
The research is a collaboration with the graduate student, Mr. Aravind Ravi, and 
other scientists at the University of Texas, Arlington, and collaborators are at the 

Mosaicked Image of SOFIA (154 
microns in red), Heschel (70 in green) 

and Spitzer (24 in blue)

Magnetic field flow on
the SOFIA HAWC+  map



How dust grains produce polarization? 
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How dust grains produce polarization?

Pem perp to B

Pext

•  Polarization depends on grain 
alignment degree & grain elongation

P=0 small P large PPem

Dust Grains are Elongated in Cas A 
rather than spherical.

How dust grains produce polarization?

Pem perp to B

Pext

•  Polarization depends on grain 
alignment degree & grain elongation

P=0 small P large PPem



Polarization and Dust Properties
l We discover high percent polarization in 

Cas A (5 – 30%): one of the highest sources.
l Large grains (> 0.14 microns) are formed in 

SNe.
l Silicate dust grains are dominant grains (over 

carbon dust)
l Sufficiently large amounts of dust (> 0.2 

solar mass) from the polarized regions of the 
SNR: Supernovae are the significant dust 
producer in the early Universe. 7
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SOFIA
HAWC+ 

observations at 
154 micron (far-
IR polarization)

High percent 
polarization (5-

30%) was 
detected.

The lines show 
the magnetic 
field direction.  

The color map is 
154 microns 

image.



Cas A: Dust forms in Ejecta

Dust (including Silica) Ejecta (Ar)

Did dust grains form in the SN ejecta? pre-SN dust or ISM swept up dust
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ORIGIN OF DUST
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Dr. Jeonghee Rho, a research scientist at the SETI Institute and the lead author of 
this research, said that the polarized dust emission belongs to the SNR Cas A and 
is not random interstellar emission. Studying far-infrared emissions is tricky since 
it is everywhere in the sky. Searching for emissions associated with supernovae is 
GSWKXCNGPV�VQ�ƂPFKPI�C�PGGFNG�KP�VJG�JC[UVCEM��2QNCTK\CVKQP�QDUGTXCVKQPU�UJKPG�PGY�
light on that. 
The research is a collaboration with the graduate student, Mr. Aravind Ravi, and 
other scientists at the University of Texas, Arlington, and collaborators are at the 

The supernova remnant Cas A
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