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Mapping coeval star formation and supermassive 
black hole growth with PRIMA



How do supermassive black holes 
and their host galaxies coevolve?

These processes are linked through 
the ISM and can be simultaneously

measured in the infrared
Origins Space Telescope mission 

concept study report, 2019

Gültekin+2009



The growth of supermassive black holes peaked with the stars at z~2 
… but there are accreting SMBHs lurking in the very early Universe!

Larson et al. 2023Pope et al. 2019



Dust-obscured

Unobscured

Hickox & Alexander 2018

Most AGN 
are highly 
obscured

(z<0.8)

~AGN obscuration

Carroll et al. 2023

The majority of cosmic star formation and black hole growth 
is hidden behind dust

Madau & Dickinson 2014



Measuring SFRs and BHARs in the mid-IR

Figures adapted from Roebuck et al. 2016 and Goicoechea et al. 2016
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Star formation
AGN
Feedback

Origins Space Telescope report 2019

IR SED of 
6 L. Spinoglio et al.
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Figure 2. Critical densities for
collisional de-excitation versus
the ionization potential of the IR
fine-structure lines (adapted from
Spinoglio & Malkan 1992).

2000; Gebhardt et al. 2000), all suggest that the two
processes are physically linked.

The mid- to far-IR spectral range includes a suite of
atomic and molecular lines and features, covering a wide
range of physical conditions (excitation, density, ioniza-
tion, radiation field, metallicity and dust composition)
in galaxies (Fig. 2, and Spinoglio & Malkan 1992). Ta-
ble 1 lists the set of atomic and ionic fine structure lines
that will be covered by the SMI and SAFARI spectrom-
eters onboard SPICA, for the top nine most abundant
elements in the universe after H and He (the so-called
‘‘metals”). These lines reveal the detailed physics in the
various phases of the interstellar medium (ISM), from
HII and photo-dissociation regions (PDR), to the Nar-
row Line Regions excited by AGN. In the highly opaque,
dust obscured ISM of actively star-forming galaxies and
AGN, the IR lines are among the few probes of the phys-
ical conditions in the gas and dust clouds surrounding
the SMBH or young, hot stars.

The neutral gas surrounding star-forming regions
can be traced using the temperature sensitive [OI]
lines at 63µm and 145µm, while the ionised gas
can be studied using many di↵erent tracers to
measure temperature, density and abundances. The

[NII]122/205µm, [OIII]52/88µm, [SIII]18.7/33.5µm,
and [NeIII]15.6/36.0µm line ratios are individually sen-
sitive to the density; since the electron temperatures are
generally higher than the excitation states of the lines
connecting these line ratios, they are not sensitive to
the temperature.

The strength and hardness of the radiation field can
be derived from line pairs of the same element in di↵er-
ent ionization states and here again the SPICA wave-
length range is ideal. Examples are the [NIII]57µm
to [NII]122 or 205µm ratio, the [NeIII]15.6µm to
[NeII]12.8µm ratio and the [OIV]26µm to [OIII]52 or
88µm ratio. The ratio of the [OIII] to [NIII] lines can be
used to derive relative abundances of O and N, two key
elements in the gas chemistry (see Fernández-Ontiveros
et al. 2017). Other strong lines, such as [SiII]34.8µm
or [CII]158µm, probe the interface between the neutral
and ionized gas.

The SFR can be obtained via low-ionization lines (e.g.
[NeII]12.8µm, [NeIII]15.5µm, [SIII]18.7µm), while the
AGN accretion rate can be measured via high-ionization
lines (e.g., [OIV]25.9µm, [NeV]14.3µm and 24.3µm).
To disentangle emission from an AGN and that of
star formation (Spinoglio et al. 2005; Armus et al.

PASA (2017)
doi:10.1017/pas.2017.xxx

Spinoglio et al. 2018

Origins Space Telescope report 2019

Measuring SFRs and BHARs in the mid-IR



Measuring SFRs and BHARs in the mid-IR at z~0

Stone, Pope, et al. 2022
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• 200 local IR luminous galaxies from GOALS
• Binned by MIR AGN fraction (PAH EW)
• Stack high res (R=600) MIR spectra



Stone, Pope, et al. 2022
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Measuring SFRs and BHARs in the mid-IR at z~0



Measuring SFRs and BHARs in the mid-IR at z~0

Stone, Pope, et al. 2022
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JWST can observe powerful MIR diagnostics out to 
cosmic noon

z=2

Star formation
AGN
Feedback

JWST



⇦
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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. 



Kirkpatrick et al. 2015, see also Gruppioni et al. 2016

z~1-2

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

The unique narrow bands in 
the PRIMA imager, PRIMAger, 

can be used to select AGN, 
and composite galaxies, over 

wide survey areas. 

SED decomposition provides 
the relative luminosity from 
the AGN and star formation.   



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!


