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Mystery of Dust in the early Universe
Cosmic Dust
Rocks

l
l
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After Big Bang, the first stars are born and die as supernovae.
A huge amount of dust is observed in high red-shifted galaxies
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
Did dust grains form in the SN ejecta? pre-SN dust or ISM swept up dust

Dust (including Silica)

Ejecta (Ar)
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Why Polarization?
letters to nature
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A large amount (about three solar masses) of cold (18 K) 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 observations 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.

The Stratospheric Observatory for
It is well known that the Cas A supernova re
Infrared Astronomy (SOFIA)
interstellar clouds of molecular gas , as was d
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discovery of the OH molecule in absorption ag
first radio detection of a molecule in interstell
extinction caused by dust associated with thes
the reason why only tentative historical record
nova outburst around AD 1680, although its
would have made Cas A most probably the brig
the sky5. The thermal emission of this foregro
be easily detectable in submillimetre obse
high column densities of molecular gas (N
towards the supernova remnant6. Dunne et a
area of diffuse emission to the west of the re
removed, however, as being an instrumental art
emission was also noted independently by
originally obtained the submillimetre data7 usin
Common-User Bolometer Array (SCUBA)8.
To clarify the nature of the submillimetre
observed Cas A at 160 mm using the Multiband
(MIPS)9 aboard the Spitzer Space Telescope.
spectral response of this band lie near the pea
cold interstellar dust, but the detectors are d.c.in staring mode, so they respond well to exte
new measurements show an extended emission
and 2), distributed towards the southeast and
forward shock that defines the outer bounda
remnant. The same large-scale emission was ind
at 170 mm using the ISOPHOT10 Serendip
(Fig. 2).

2.5 m telescope

SOFIA HAWC+ (High-Resolution Airborne Wideband
Camera Plus) Polarization observation
• 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?

Cosmic “Dust” from Supernovae Hints at
Mosaicked Image of SOFIA (154
How
Stars
Born
microns
in red),Are
Heschel
(70 in green)
and Spitzer (24 in blue)

Magnetic field flow on
the SOFIA HAWC+ map

June 13, 2022, Mountain View, CA – New research detected strong polarization
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from a young supernova remnant. It provided independent and solid evidence
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How dust grains produce polarization?
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• Polarization depends on grain
alignment degree & grain elongation
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Polarization and Dust Properties
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.
l
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SOFIA
HAWC+
observations at
154 micron (farIR polarization)
High percent
polarization (530%) was
detected.

The lines show
the magnetic
field direction.
The color map is
154 microns
image.

Cas A: Dust forms in Ejecta
Did dust grains form in the SN ejecta? pre-SN dust or ISM swept up dust

Dust (including Silica)

Ejecta (Ar)
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ORIGIN OF DUST
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How Stars Are Born
The supernova remnant Cas A
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Cosmic “Dust” from Supern
How Stars Are Born

June 13, 2022, Mountain View, CA – New resea
from a young supernova remnant. It provided i
that the cosmic dust in the early Universe was f
true that supernovae eject and destroy cosmic
suggest that the dust formed at an early stage
(Stratospheric Observatory for Infrared Astrono
Wideband Camera Plus) Band D observations
(SNR) Cassiopeia A (Cas A) show high polarizat
polarization indicates:
13

• Polarized dust emission detected in far-i
supernovae are producers of a large ma

