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These processes are linked through

the ISM and Can_ be Slmultaneously Origins Space Telescope mission
measured in the infrared concept study report, 2019
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The growth of supermassive black holes peaked with the stars at z~2
... but there are accreting SMBHs lurking in the very early Universe!

Age of the Universe (billions of years)
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The majority of cosmic star formation and black hole growth
IS hidden behind dust

lookback tlme (Gyr) 1.0 IIIIIII;}l[IIIkIIIIII[IIIIIIIIIIIIIIIIIII|ICITIIII’IIIIIII\II\III
02 4 6 8 1o 12 o

= = = = Ananna+2019 (weighted) /’

E

‘Dust-obscyred 7 | E: Carroll et al. 2023 l', | ViostAGH
~0.8 |- IR i | \ ' are highly

A W I obscured
-1.2 b E : (z<0.8)

L.
-
<

21 22 23

B 24 25 26 .
eeNy e ~AGN obscuration

UV/Optical/NIR X-rays Mid-IR
] 4 N "

Spectroscopy

Unobscured

Hard X-rays

Photometry

|
[

N
I‘_I’_II 1
|
|

Star formation rate density
S
S
HO
|_._|
e
o= o I e

Obscuration

w_
N
9]
(O)]
\2

0 1 2
redshift

Photometry
Spectroscopy

AGN dominance AGN dominance V AGN dominance

Madau & Dickinson 2014 Hickox & Alexander 2018




=

Measuring

Y

B & &£ a5 PR
and BHARs In the mid-IR

Massive Stars

HII region Photodissociation region Cold molecular cloud
lonisation Dissociation ) o
front front Snow line
—=>Vf ———> Vpf,
| ] 1 |
HY H HYH, * ' Cold CO and H
] 1 ] ' 2
UV photons O'e O Far-UV photons only ) ) !
' C+ (| ' !
v ' ' :
* % ' PAHs 1 1 ,
' # C+ 1 CO_!
[ @) <>
| . . | . :
H,O-ice CO-ice
A 1} A ! 2
2 g . ,\ Front 1 :
R p instabilities i;'/; :
5 oy ' !
© O |
83 L} 1} | ,
S gg LB Atomic layer ! ] !
o= I - ’ :
Compressed
Tgas=10*K 108 K 500 K 100 K 20 K
Toust = ~100 K ~75K ~50 K ~20 K
Ny= 0 1021 3-10%2 cm

Figures adapted from Roebuck et al. 2016 and Goicoechea et al. 2016




* "
Measuring

\

INeVI], [NeV], [OIV], hot dust

- = % ' / /‘ R The PRobe far-Infrared
" ; / - " Mission for Astrophysics

and BHARs in the mid-IR
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Measuring SFRs and BHARSs in the mid-IR
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Measurlng SFRs and BHARs in the mid-IR at z~0
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Measurlng SFRs and BHARs in the mid-IR at z~0
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Measuring SFRs and BHARSs in the mid-IR at z~0
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JWST can observe powerful MIR diagnostics out to
cosmic noon

Circinus Galaxy
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Observed wavelength (microns)
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PRIMA fills the decade In
wavelength between
JWST and ALMA that is
rich is spectral features
sensitive to AGN, star
formation and other
tracers of the multiphase
interstellar medium in
galaxies.
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Both star formation and AGN impact the SED: Excite lines and heat the dust
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Taking a cosmic census of AGN with PRIMAger
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the PRIMA imager, PRIMAger,
can be used to select AGN,
and composite galaxies, over
wide survey areas.
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Example PRIMA programs to study coeval star formation and
supermassive black hole growth

Spectroscopic surveys
« Blank field surveys to provide unbiased census of AGN
« Surveys of overdense fields to determine environmental impact
« Targeted surveys to quantify BHARs of certain populations (e.g.
selected from PRIMAger, Roman, lensed sources, etc.)

Imaging surveys
« Blank field surveys to identify statistical samples of AGN and
composite galaxies
« Surveys of overdense fields to determine environmental impact

By combining imaging and spectroscopic surveys, PRIMA can take
census and quantify AGN over all cosmic time!



