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Why study astronomical dust
formation?




Star formation is dust obscured!

Zavala+ 2021
Image credit: NASA/HST, J. Hester, P. Scowen




Dust rocks!

Image credit: NASA/Apollo 17
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Dust forms early in the Universe

Stack (all)
== Stack (subset)
' Subset power-law fit:
B= -1.95:3%
Drude profile fit:
Aj max =0.103331 mag
Amax = 2236+31 A
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Supernovae produce dust earl

SN(0.1<Z/Z, <1) AGB (0.1 <Z/Z, <1)
SN (0.01<Z/Z; <0.1) AGB (0.01<Z/Z, <0.1)
SNrev.sh. (0.1<Z/Z, <1) - = WR
SN rev. sh. (0.01<Z/Z; <0.1) — RSG
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100 nm

early tim
0 day

Easy! Bright! Can get large
samples! Can distinguish
between new and old
dust!

Hard! Dim! Limited objects!
Limited observing
resources! Multi-epoch
observations are rare!




Single-epoch MIR observations do not easily
distinguish between newly formed ejecta dust and
pre-existing CSM dust
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Transient ExploreR

10 pm 100 um T mm
The Red Astronomical Transient (RAT)

survey: A systematic NIR study of ZTF
supernovae

Image credit: J. Lomberg




WINTER

A NIR time-domain survey at Palomar Observatory
Transient ExploreR

1.19°x1.02° @ 93% fill (=1.13sq. deg) Lourie+ 2019
1.08"/pixel 12Mpix 1m  $1.4M

-

Dedicated 1 m. robotic telescope 1.2x1.0sq.deg. FOV Novel InGaAs sensors
0.9-1.7um
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E.g., Shahbandeh et al. 2023

Forward shock

Cold, dense shell

Reverse shock

Radio, visible, UVIX-ray
from forward and
reverse shocks

Pre-existing
dust shell




Carbon monoxide traces cooling ejecta

Shocked ejecta

Shocked wind

Stellar wind

E.g., Shahbandeh et al. 2023

Forward shock

Cold, dense shell

Reverse shock

Radio, visible, UVIX-ray
from forward and
reverse shocks

Pre-existing
dust shell
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Keck-Il/NIRES observations of RATs detect CO!

ZTF24abgoksi (Type Il)

arm thermal dust cot

ZTF24abyaspl (Type Ic)
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RATs is providing the first constraints on the
appearance of CO in a large and complete sample

of CQ’ENe

Ambiguous

12%
10

Never shows CO

A\ Stellar wind 4 8 %
2 40

E.g., Shahbandeh et al. 2023

Interacting SNe show CO
emission ~20 days earlier on
average

From the cold dense shell?

CO detected
40%
33

> 150 days
21%
7

100-150 days
18%

6

Rose et al. in prep

< 50 days
15%
5

33 objects with CO detections including
stripped envelope supernovae!




CO strength evolves with time
E.g., Type Il SN 2025pjx
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& Wide-field Transient ExploreR
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Roman will provide sensitive NIR observations of
supernovae at late times

HLWAS regions with nearby (z<0.01) core-collapse SNe
L J
L]
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Image credit: Jacobson-Galan
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Roman will provide sensitive NIR observations of
supernovae at late times
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Conclusions

* Dust is an essential component of galaxies and forms early in the
Universe

* Supernovae explosions, which come from fast evolving massive
star progenitors are likely an important contributor of dust at early
times

* Long wavelength observations with JWST probe dust properties,
but only for a limited number of objects. Ground based NIR
observations probe SNe dust formation at early times and can be
obtained for a large and complete sample of objects

* Roman observations will provide sensitive constraints on the
percentage of CCSNe which have interaction heated dust at late
times (e.g., 17eaw)

Like dust? Email me! srose@caltech.edu




