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Astro-dust 



Capabilities, Facilities, & Options

G R E A T  O B S E R V A T O R I E S

 
!e power of NASA’s Great Observatories program was that it transcended individual missions and 

wavelength regimes. Success did not rely on a single "agship mission, but rather a suite of extremely capable 

observatories acting together to push outward the frontiers of astrophysics. !is legacy points the way to a 

future where panchromatic capabilities are not just maintained, but enhanced, and the remarkable advances 

in our understanding of the Universe made possible by the Great Observatories are carried forward into 

the coming decades. A program of "Giant Leap Observatories" that builds on the model set by the Great 

Observatories can advance our understanding of the Universe far into the future.

•   •   •

 

Zavala et al., 2021
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Dawn of dust?

STARS FORMING PER YEAR 
IN A REPRESENTATIVE 

VOLUME OF THE UNIVERSE

“Dust-obscured” “Unobscured”

MOST STARS FORM DEEP IN DUST
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Unobscured SMBH accretion
Dust-obscured SMBH accretion

TotalAird et al., 2015b

ACCRETION RATE OF 
SUPERMASSIVE BLACK HOLES 
IN A REPRESENTATIVE VOLUME OF THE 

UNIVERSE

Akins+2024, Killi+2023 
Kocevski+2023 
Kokorev+2023, 2024 
Matthee+2024, Greene+2024

LRDs

Radio-loud AGN 
at z>7

Lambrides+2024 
Endsley+2023

MOST BLACK HOLES GROW DEEP IN DUST
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▸ Dust attenuates light and must be 
corrected for at short wavelengths  

▸ Dust heats gas and sets the thermal 
structure of the interstellar medium   

▸ Dust grains catalyze H  formation, the 
key ingredient in star-formation  

▸ Dust grains seed planetesimals in 
proto-planetary disks 

2

THE FUNDAMENTAL ROLE OF DUST IN ASTROPHYSICS 
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▸ Dust attenuates light and must be 
corrected for at short wavelengths  

▸ Dust heats gas and sets the thermal 
structure of the interstellar medium   

▸ Dust grains catalyze H  formation, the 
key ingredient in star-formation  

▸ Dust grains seed planetesimals in 
proto-planetary disks 
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THE FUNDAMENTAL ROLE OF DUST IN ASTROPHYSICS 
▸ Dust attenuates light and must be 

corrected for at short wavelengths  

Conroy+2013
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▸ Dust attenuates light and must be 
corrected for at short wavelengths  

▸ Dust heats gas and sets the thermal 
structure of the interstellar medium   

▸ Dust grains catalyze H  formation, the 
key ingredient in star-formation  

▸ Dust grains seed planetesimals in 
proto-planetary disks 
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THE FUNDAMENTAL ROLE OF DUST IN ASTROPHYSICS 

▸ Dust heats gas and sets the thermal 
structure of the interstellar medium   

Wolfire+2003

Photoelectric heating from small dust grains
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▸ Dust attenuates light and must be 
corrected for at short wavelengths  

▸ Dust heats gas and sets the thermal 
structure of the interstellar medium   

▸ Dust grains catalyze H  formation, the 
key ingredient in star-formation  

▸ Dust grains seed planetesimals in 
proto-planetary disks 

2

THE FUNDAMENTAL ROLE OF DUST IN ASTROPHYSICS 

▸ Dust grains catalyze H  formation, the 
key ingredient in star-formation  

2

1 μm

Highly dependent on 
grain properties, ex: 
   - H20/CO2 ice mantles  
   - C vs. Si composition  
   -  Size dist. (surface area)

H
H

H H2
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▸ Dust attenuates light and must be 
corrected for at short wavelengths  

▸ Dust heats gas and sets the thermal 
structure of the interstellar medium   

▸ Dust grains catalyze H  formation, the 
key ingredient in star-formation  

▸ Dust grains seed planetesimals in 
proto-planetary disks 

2

THE FUNDAMENTAL ROLE OF DUST IN ASTROPHYSICS 

▸ Dust grains seed planetesimals in 
proto-planetary disks Rixin & Youdin + 2021, 

see also: Paardekooper+2020, 
Krapp+2019, Zhu & Yang 2021 

Largest grain seeds

Smallest grain seeds
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▸ Dust attenuates light and must be 
corrected for at short wavelengths  

▸ Dust heats gas and sets the thermal 
structure of the interstellar medium   

▸ Dust grains catalyze H  formation, the 
key ingredient in star-formation  

▸ Dust grains seed planetesimals in 
proto-planetary disks 

2

THE FUNDAMENTAL ROLE OF DUST IN ASTROPHYSICS 

~ AU

~ pc 

~ kpc 



Capabilities, Facilities, & Options

G R E A T  O B S E R V A T O R I E S

 
!e power of NASA’s Great Observatories program was that it transcended individual missions and 

wavelength regimes. Success did not rely on a single "agship mission, but rather a suite of extremely capable 

observatories acting together to push outward the frontiers of astrophysics. !is legacy points the way to a 

future where panchromatic capabilities are not just maintained, but enhanced, and the remarkable advances 

in our understanding of the Universe made possible by the Great Observatories are carried forward into 

the coming decades. A program of "Giant Leap Observatories" that builds on the model set by the Great 

Observatories can advance our understanding of the Universe far into the future.

•   •   •
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Mid-IR dust emission 
directly constrains 
grain properties 

ARE THE PROPERTIES OF DUST THE SAME?
WHAT WE KNOW IN THE INFRARED

DOES DUST EVOLVE WITH REDSHIFT?
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Rest wavelength [ m]μ
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Stars

Cold dust
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ARE THE PROPERTIES OF DUST THE SAME?
DOES DUST EVOLVE WITH REDSHIFT?
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IR attenuation 
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Small grain size 

diagnostic 
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Size and neutrality 

indicators 

CO, CO2

Silicates

τSi

WHAT WE KNOW IN THE INFRARED z=0 GOALS (Courtesy of T. Lai) 
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Observatories can advance our understanding of the Universe far into the future.

•   •
   •
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ARE THE PROPERTIES OF DUST THE SAME?
WHAT WE KNOW IN THE INFRARED

NO!
DOES DUST EVOLVE WITH REDSHIFT?

JWST Cy2 #3224 PI McKinney

2D MIRI/LRS Spectrum TA/slit 

JWST/MIRI LRS Spitzer/IRS

× 36
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Capabilities, Facilities, & Options

GREAT OBSERVATORIES

 
!e power of NASA’s Great Observatories program was that it tr

anscended individual missio
ns and 

wavelength regimes. Success did not rely on a single "agship missio
n, but rather a suite of extremely capable 

observatories acting together to push outward the frontiers of astrophysics. !
is legacy points th

e way to a 

future where panchromatic capabilitie
s are not just m

aintained, but enhanced, and the remarkable advances 

in our understanding of the Universe made possible by the Great Observatories are carried forward into 

the coming decades. A program of "Giant Leap Observatories" th
at builds on the model set by the Great 

Observatories can advance our understanding of the Universe far into the future.

•   •
   •
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ARE THE PROPERTIES OF DUST THE SAME?
WHAT WE KNOW IN THE INFRARED

NO!
DOES DUST EVOLVE WITH REDSHIFT? Showing 12/36 JWST PID#3224 spectra

JWST Cy2 #3224 PI McKinney

Redshift

AGN / SF ratio



Capabilities, Facilities, & Options

G R E A T  O B S E R V A T O R I E S

 
!e power of NASA’s Great Observatories program was that it transcended individual missions and 

wavelength regimes. Success did not rely on a single "agship mission, but rather a suite of extremely capable 

observatories acting together to push outward the frontiers of astrophysics. !is legacy points the way to a 

future where panchromatic capabilities are not just maintained, but enhanced, and the remarkable advances 

in our understanding of the Universe made possible by the Great Observatories are carried forward into 

the coming decades. A program of "Giant Leap Observatories" that builds on the model set by the Great 

Observatories can advance our understanding of the Universe far into the future.

•   •   •
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Dust-obscured formation 

of stars and black holes

                     DUST IS NOT  
                           THE SAME… 
 
                                         …IN ALL GALAXIES,  
                                  …AT ALL COSMIC TIMES



WEB
COSMOS

Courtesy of Caitlin Casey
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See Casey & Kartaltepe et al. (incl. McKinney) 2023

All other Cycle 1 
extragalactic fields 

COSMOS-
Web NIRCam 

(0.54 deg )2

COSMOS-Web 
MIRI footprint 

(0.18 deg )2

COSMOS  

Hubble/ACS F184W

706 dusty galaxies 

DOES DUST EVOLVE WITH REDSHIFT?

SCUBADive
JWST Cy3 AR#5213 PI McKinney



Ca
pa

bi
lit

ies
, F

ac
ilit

ies
, &

 O
pt

ion
s

G
R

E
A

T
 

O
B

S
E

R
V

A
T

O
R

I
E

S

 
!

e p
ow

er
 of

 N
AS

A’s
 G

re
at

 O
bs

er
va

to
rie

s p
ro

gr
am

 w
as

 th
at

 it
 tr

an
sc

en
de

d 
in

di
vi

du
al 

m
iss

io
ns

 an
d 

wa
ve

len
gt

h 
re

gi
m

es
. S

uc
ce

ss
 d

id
 n

ot
 re

ly 
on

 a 
sin

gl
e "

ag
sh

ip
 m

iss
io

n,
 bu

t r
at

he
r a

 su
ite

 of
 ex

tre
m

ely
 ca

pa
bl

e 
ob

se
rv

at
or

ies
 ac

tin
g t

og
et

he
r t

o 
pu

sh
 o

ut
wa

rd
 th

e f
ro

nt
ier

s o
f a

str
op

hy
sic

s. 
!

is 
leg

ac
y p

oi
nt

s t
he

 w
ay

 to
 a 

fu
tu

re
 w

he
re

 p
an

ch
ro

m
at

ic 
ca

pa
bi

lit
ies

 ar
e n

ot
 ju

st 
m

ain
ta

in
ed

, b
ut

 en
ha

nc
ed

, a
nd

 th
e r

em
ar

ka
bl

e a
dv

an
ce

s 
in

 o
ur

 u
nd

er
sta

nd
in

g 
of

 th
e U

ni
ve

rs
e m

ad
e p

os
sib

le 
by

 th
e G

re
at

 O
bs

er
va

to
rie

s a
re

 ca
rr

ied
 fo

rw
ar

d 
in

to
 

th
e c

om
in

g 
de

ca
de

s. 
A 

pr
og

ra
m

 o
f "

G
ian

t L
ea

p 
O

bs
er

va
to

rie
s" 

th
at

 b
ui

ld
s o

n 
th

e m
od

el 
se

t b
y 

th
e G

re
at

 
O

bs
er

va
to

rie
s c

an
 ad

va
nc

e o
ur

 u
nd

er
sta

nd
in

g o
f t

he
 U

ni
ve

rs
e f

ar
 in

to
 th

e f
ut

ur
e.

•
   •

   •
 

Jed McKinney | NHFP Symposium                                                                                                                   Pasadena, CA | Tuesday, September 17th, 2024

See Casey & Kartaltepe et al. (incl. McKinney) 2023

All other Cycle 1 
extragalactic fields 

COSMOS-
Web NIRCam 

(0.54 deg )2

COSMOS-Web 
MIRI footprint 

(0.18 deg )2

COSMOS  

Hubble/ACS F184W

DOES DUST EVOLVE WITH REDSHIFT?

SCUBADive

McKinney+2023, Sinclair 
Manning in prep.***

SMGs out to z~6

McKinney+2024

~300 SMGs matched 
with ALMA and JWST

JWST Cy3 AR#5213 PI McKinney

706 dusty galaxies 
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DOES DUST EVOLVE WITH REDSHIFT?

SCUBADive
JWST Cy3 AR#5213 PI McKinney

Stellar bars growing in 
highly dust-obscured 
galaxies

Most precise estimate on the 
abundance of dust-obscured 
galaxies in the first 1.5 Gyr

Significantly more 
clustered - signposts of the 
cosmic web

McKinney et al., 2024
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SUMMARY

Jed McKinney 
NHFP Hubble Fellow, UT Austin 
jed.mckinney@austin.utexas.edu Always happy to talk (science, 

or other) so please reach out! 

Graphics compiled from:  

Great Observatories: The Past and Future of 
Panchromatic Astrophysics, Armus, L; Megeath, 

T; G. Tremblay* and SAG-10, 2022 

Origins Space telescope Mission Concept 
Study Report, Meixner, M and the OSTST., 2019 

 

▸ Dust profoundly shapes observations and 
physics of the ISM of galaxies 

▸ JWST/MIRI + ALMA opening new windows 
into to study dust out to early cosmic times 

▸ New models needed as dust properties 
may be significantly different in the early 
Universe

DOES DUST EVOLVE WITH REDSHIFT?


