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ADDITIONAL CREDITS

e Great Observ
atories

 image of Messie
r 1, the Crab Nebula. !

e Crab is t
he re

mnant of a supernova explo

sion in the co
nstell

ation of Taurus, re
corded by Chinese 

astro
nomers 

in 1054 AD.  In
 this co

mposite 
image, 

high energy X-rays see
n with the Chandra X-Ray Observ

atory are sh
own in blue, optica

l em
issio

n lines fr
om 

ionized oxygen and hydrogen seen
 with the Hubble Space T

eles
cope are sh

own in red
 and yellow, and infrared 

emissio
n from ionized oxygen and warm dust se

en with the Spitzer S
pace T

eles
cope is 

shown in purple. 

REPORT GRAPHIC DESIGN & LAYOUT by GRANT TREMBLAY

SPECIAL THANKS to

Martin
 Harwit, G

eorge Helou, Margaret M
eixner, H

arvey Tananbaum, & Mike W
erner
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LINE FOLLOW-UP TO MEASURE GAS AND 
DUST CONDITIONS IN DISTANT GALAXIES
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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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Gas available to form stars

Star-formation 
efficiency 

“Star-formation Efficiency”

Formation rate of stars
Gas available to form stars

Star formation rate

FAR-IR LINE FOLLOW-UP TO MEASURE GAS AND DUST CONDITIONS  IN DISTANT GALAXIES
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Star formation rate

Star formation efficiency 
“Star-formation Efficiency”

Formation rate of stars
Gas available to form stars

GMC efficiencies Mergers

Gas and dust 
conditions

FAR-IR LINE FOLLOW-UP TO MEASURE GAS AND DUST CONDITIONS  IN DISTANT GALAXIES
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DIAGNOSING THE ISM WITH LINES IN THE MID- AND FAR-IR
FAR-IR LINE FOLLOW-UP TO MEASURE GAS AND DUST CONDITIONS  IN DISTANT GALAXIES

G
[G

0]

n [cm−3]

[O I] 63 μm / [C II] 158μm
[C I] 609 μm / CO(4 − 3)

[C II] 158μm / [C I] 609 μm

The PDR Toolbox; Pound & Wolfire 2023
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60%
5%

35%Z = 0
Z ~1 - 2

Z > 3
REDSHIFT DEMOGRAPHY FOR ALL [C II]*** DETECTIONS 

Herschel, SOFIA

ALMA, Herschel,  APEX, 
SMA, CARMA

ALMA Band 9 and 10 - fairly 
time expensive 

FAR-IR LINE FOLLOW-UP TO MEASURE GAS AND DUST CONDITIONS  IN DISTANT GALAXIES
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FAR-IR LINE FOLLOW-UP TO MEASURE GAS AND DUST CONDITIONS  IN DISTANT GALAXIES

Blind PRIMA surveys yield ~1000s of 
FIR sources at high-redshift for followup

Example z~2 PRIMAger survey 

VERY PESSIMISTIC 
PREDICTIONS 
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Jed McKinney 
Postdoc 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 

 

FAR-IR LINE FOLLOW-UP TO MEASURE GAS AND DUST CONDITIONS  IN DISTANT GALAXIES

Gas available to form stars

Star formation rateG, , 
 …
nH

ϵpe

Let’s make this 
a reality


