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ABSTRACT

Understanding the AGN-galaxy co-evolution, feedback processes, and the evolution of Black Hole Accretion rate Density (BHAD)
requires accurately estimating the contribution of obscured Active Galactic Nuclei (AGN). However, detecting these sources is chal-
lenging due to significant extinction at the wavelengths typically used to trace their emission. We evaluate the capabilities of the
proposed far-infrared observatory PRIMA and its synergies with the X-ray observatory NewAthena in detecting AGN and in mea-
suring the BHAD. Starting from X-ray background synthesis models, we simulate the performance of NewAthena and of PRIMA in
Deep and Wide surveys. Our results show that the combination of these facilities is a powerful tool for selecting and characterising
all types of AGN. While NewAthena is particularly effective at detecting the most luminous, the unobscured, and the moderately
obscured AGN, PRIMA excels at identifying heavily obscured sources, including Compton-thick AGN (of which we expect 7500
detections per deg2). We find that PRIMA will detect ∼ 60 times more sources than Herschel over the same area and will allow us to
accurately measure the BHAD evolution up to z ∼ 8, better than any current IR or X-ray survey, finally revealing the true contribution
of Compton-thick AGN to the BHAD evolution.

Key words. Galaxies: active – galaxies: evolution – (Galaxies) quasars: emission lines – X-rays: galaxies

1. Introduction

In the mid-1990s, the discovery of a tight correlation between the
mass of supermassive black holes (SMBHs) and the stellar mass
of the host galaxies(Kormendy & Richstone 1995; Magorrian
et al. 1998; Ferrarese & Merritt 2000; Gebhardt et al. 2000; Kor-
mendy & Ho 2013) revealed a mutual influence between SMBHs
and their host galaxies during their evolution. Notably, the rela-
tion between SMBH mass and stellar mass, as well as with bulge
mass, and gas and stellar velocity dispersions suggests a link be-
tween SMBH growth and star formation (SF), leading to the for-
mulation of the AGN-galaxy co-evolution paradigm (Hopkins
et al. 2007a; Lapi et al. 2014, 2018). In this scenario, an intense
phase of SF is triggered by wet mergers, particularly in the most
luminous and massive systems (Silk & Rees 1998; Di Matteo
et al. 2005; Treister et al. 2012; Lamastra et al. 2013), or by
in-situ processes, such as rapid gas inflow and cooling of gas
clumps (Lapi et al. 2018). A fraction of the galaxy’s gas reser-
voir is funneled toward the SMBH, triggering active galactic nu-
cleus (AGN) activity. Thus, this phase is marked by the concur-
rent growth of the SMBH and the galaxy stellar mass. Due to
the large amounts of gas, most of the AGN radiation is absorbed

⋆ e-mail: luigi.barchiesi@uct.ac.za

through photoelectric absorption, causing the source to appear
as an obscured AGN (with column density NH ≥ 1022 cm−2).
This phase is likely associated with the growth of obscured AGN
in strongly star-forming submillimeter galaxies (Archibald et al.
2002; Almaini 2003; Alexander et al. 2005).

However, we are far from having a complete picture of
the galaxy co-evolution, and several key questions remain
open: What mechanisms drive the co-evolution? What are the
timescales involved? Is the co-evolution externally triggered
(e.g., by galaxy mergers) or intrinsic to the galaxy evolution?
To answer these questions, we need a comprehensive selection
and study of obscured AGN across cosmic times.

The connection between the host galaxy and the SMBH is
also evident in the similar evolutions of the BH Accretion rate
Density (BHAD) and the Star Formation Rate Density (SFRD).
Both peak at the “cosmic noon” (z ∼ 1−2) and are characterized
by significant uncertainties at redshifts z > 3(Madau & Dickin-
son 2014; Heckman & Best 2014; Vito et al. 2018), primarily due
to the challenges in detecting and accurately quantifying the con-
tribution of obscured (i.e., dust-rich) sources at high redshifts.
Furthermore, while the co-evolution up to the “cosmic noon” is
widely accepted, there is no consensus yet on the fact that the
SFRD and the BHAD still show similar evolution at higher red-
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shift. In particular, while some works find a z > 3 decline of
the BHAD similar to the one of the SFRD(Vito et al. 2014; Aird
et al. 2015; Vito et al. 2018; Pouliasis et al. 2024), others ar-
gue for a flatter evolution (Runburg et al. 2022). Recently, the
uncertainty on the high-z evolution of the BHAD has been ex-
acerbated by the JWST discovery of “Little Red Dots” (LRDs),
which if we assume to be dust-reddened broad-line AGN, pro-
vide BHAD measures more than one magnitude higher than the
previous ones(Yang et al. 2023).

A major challenge in addressing these questions is that most
SMBH and host galaxy mass growth is expected to occur un-
der heavily obscured conditions, making identifying and study-
ing sources in this phase a daunting task (Rowan-Robinson et al.
1997; Hughes et al. 1998; Martínez-Sansigre et al. 2005). In fact,
the large quantity of gas and dust fueling both processes absorb
the energy emitted by stars (at optical and UV wavelengths) and
accreting SMBHs (in the X-ray, UV, and optical regimes), re-
emitting it at longer wavelengths, primarily in the infrared (IR,
∼ 1 − 1000µm). One solution is to study the primary emission
indirectly, by measuring dust-reprocessed radiation in the IR.
The efficacy of identifying obscured AGN by selecting bright
mid-IR sources with faint optical or near-IR emission has been
demonstrated by Spitzer (Houck et al. 2005; Weedman et al.
2006; Polletta et al. 2008) and WISE (Mateos et al. 2012; As-
sef et al. 2013). Observations in this wavelength range provide
insights into the physical processes occurring in obscured re-
gions, allowing estimates of SFRD and BHAD, provided the two
contributions can be properly disentangled. Space-based IR ob-
servatories enable direct measurement of dust-obscured SF ac-
tivity, without requiring correction for dust attenuation. Mid-
to far-IR photometric observations in deep fields (Delvecchio
et al. 2014; Schreiber et al. 2015) have produced estimates of
SFRD and BHAD up to redshifts of z ∼ 3 (Gruppioni et al.
2013; Magnelli et al. 2013; Delvecchio et al. 2014), using Her-
schel PACS data (100 and 160 µm, Poglitsch et al. 2010). How-
ever, the deepest cosmological surveys performed by Herschel at
high redshifts have primarily detected the most luminous galax-
ies (LIR > 1012 L⊙ at z ≥ 3, Gruppioni et al. 2013), and they face
challenges in accurately separating AGN and SF contributions,
as the Herschel mission did not sample the mid-IR part where the
AGN emission dominates(Pozzi et al. 2012). Even when spectral
energy distribution (SED) fitting is used to distinguish between
these components, the assumption made in modelling them pro-
vides an additional source of uncertainties. Consequently, the
initial phase of BH-galaxy co-evolution remains elusive and dif-
ficult to track.

One of the most effective methods for selecting unobscured
or mildly obscured AGN is through X-ray observations, as the
radiation from the innermost regions of the AGN can be directly
detected (Vignali et al. 2014). However, the effectiveness of this
approach diminishes with increasing column density (at NH ≥

1024 cm−2, the soft X-ray continuum is significantly attenuated).
Even in deep field surveys, only a fraction of the most obscured
AGN has been uncovered in the X-ray band (Tozzi et al. 2006;
Lanzuisi et al. 2013; Marchesi et al. 2016; Del Moro et al. 2017).

Summarising, the X-ray band is a powerful tool to select and
characterise unobscured AGN, but it fails when heavily obscured
sources are involved. On the other hand, the IR band does not
suffer from source obscuration, but it has been limited to lower
redshift than the X-rays and it relies on being able to properly
disentangle the AGN and host-galaxy components.

Since the decommissioning of the Spitzer and Herschel
space telescopes, the mid- and far-IR regimes have lacked instru-
ments capable of detecting the emission from obscured galaxies

and AGN beyond the local universe (while WISE is still opera-
tional, it has a wavelength coverage similar to JWST, i.e. it is not
able to trace the mid- and far-IR at high-z).

In this paper, we introduce the key role of the PRobe far-
Infrared Mission for Astrophysics (PRIMA ; PI: J. Glenn)(Glenn
2023; Bradford et al. 2022; Moullet et al. 2023) on characteris-
ing the population of obscured AGN and in revealing the evo-
lution of the BHAD at high redshift. PRIMA is a cryogenically
cooled FIR observatory with a 1.8-meter diameter, currently in
the mission concept phase, with potential approval by 2026 and
launch in 2032. While the selection and characterisation of AGN
and galaxies with PRIMA is already been investigated in sev-
eral works (Béthermin et al. 2024; Bisigello et al. 2024) (we
refer to the PRIMA GO science book for an extensive list of
PRIMA scientific cases Moullet et al. 2023), here we explore
the synergies between PRIMA and the upcoming ESA X-ray
observatory New Advanced Telescope for High ENergy Astro-
physics (NewAthena), expected to be launched in the late 2030s,
in detecting and characterising obscured AGN at redshifts never
reached before.

In Section 2 we give a brief description of the PRIMA and
NewAthena instruments and surveys. The simulations of the in-
trinsic AGN predictions and our methods to estimate the detec-
tion capabilities of NewAthena and PRIMA are reported in Sec-
tion 3. Section 3.2 explains how we simulated PRIMA measure-
ments of the BHAD. The results are shown in Section 4, with
the discussion of the capabilities of both instruments and of their
synergies in Sec 5. In Section 6, we present our conclusions.

Throughout this paper, we adopt the following cosmological
parameters: H0 = 70 km s−1 Mpc−1, ΩM = 0.3 and ΩΛ = 0.7
(Spergel et al. 2003).

2. Instruments and surveys

2.1. PRIMA

PRIMA is a proposed far-infrared (FIR) observatory equipped
with a cryogenically cooled 1.8-meter diameter telescope,
specifically engineered for ultra-high sensitivity imaging and
spectroscopic studies in the 24 − 235 µm wavelength range. Its
design is optimized for the efficient survey of large areas, mak-
ing it a powerful tool for wide-field astrophysical observations.
The current PRIMA design incorporates two scientific instru-
ments: FIRESS and PRIMAger. FIRESS is a versatile, multi-
mode survey spectrometer covering wavelengths between 24
and 235 µm, offering both low-resolution (R ∼ 100) and high-
resolution (R ∼ 4400 − 12000) in Fourier transform spectrom-
eter mode. PRIMAger, on the other hand, will have two cam-
eras able to operate at the same time: the PRIMA Hyperspec-
tral Imager (PHI)- providing hyperspectral linear variable filters
across two bands at R = 10 (PHI1 and PHI2) from 24 to 80 µm,-
and the PRIMA Polarimetric Imager (PPI), that will use 4 filters
to cover the 80 − 261 µm range with imaging and polarimetric
capabilities. Thanks to its cryogenic cooling and advanced ki-
netic inductance detectors (Day et al. 2003; Baselmans 2012;
Day et al. 2024), PRIMA will provide a mapping speed up to
four orders of magnitude higher than Herschel at 100µm and
at ∼ 2 dex better than Spitzer at 24µm(Moullet et al. 2023).
Moreover, it has been shown that the contiguous coverage from
24 µm to 261 µm (paired with deblending techniques and possi-
bly shorter wavelengths priors) will allow us to reliably measure
source fluxes up to one order of magnitude below the classical
confusion limit(Donnellan et al. 2024) (the classical confusion
limit being defined as 5 times the confusion noise, the latter ob-
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tained from 5σ-clipping the simulated maps until the conver-
gence of the standard deviation Béthermin et al. 2024).

In this work, we will focus only on the PRIMAger instru-
ment, as it is the best suited to perform large area survey. To
simulate the PRIMAger Hyperspectral Imager, we approximated
it as a series of 12 narrow filters, with center wavelengths and
widths closely resembling the R = 10 capabilities of PRIMAger
PHI. For the PRIMA Polarimetric Imager, we focused only on
its total intensity sensitivity.

As PRIMA is still in the design phase and an official survey
strategy has not been developed yet, we will use two example
surveys. A Deep survey covering 1 deg2 for a total 1000hr (over-
head included), and a Wide survey of 1000hr covering 28 deg2.
Table 1 summarises the survey strategy used in this work. In
terms of confusion effects, our current survey strategy reaches
sensitivity below the confusion limit starting from the 8th filter
(PHI2 at ∼ 50µm)(Donnellan et al. 2024). However, it has been
demonstrated that even with a 1500 hr survey, catalogues with a
95% purity can be produced for the first six filters (i.e., covering
the lowest wavelength intervals). By using these as priors, the
flux in all the confused bands can be recovered with an accuracy
of 20% (Donnellan et al. 2024).

2.2. New Athena

NewAthena is the upcoming ESA flagship X-ray observatory,
designed to operate in the 0.2−12 keV energy range and address
the "Hot and Energetic Universe" scientific theme (Nandra et al.
2013). The mission has recently completed a redefinition pro-
cess to meet ESA’s cost constraints, with the launch planned for
the end of the 2030s. NewAthena features three key components
in its scientific payload: an X-ray telescope with a 12-meter fo-
cal length, along with two instruments. These include the X-
ray Integral Field Unit (X-IFU) (Barret et al. 2020), which will
provide high-spectral-resolution imaging, and the Wide Field
Imager (WFI) (Meidinger et al. 2020), designed for moderate-
resolution spectroscopy over a large Field of View (FoV). The X-
IFU on NewAthena will deliver simultaneous spatially resolved
high-resolution X-ray spectroscopy, with a pixel size of 5 arc-
seconds and full-width at half maximum (FWHM) energy res-
olution of less than 4 eV below 7 keV, over a limited FoV of
approximately 4 arcminutes in diameter. In contrast, the Wide
Field Imager (WFI) will offer sensitive wide-field imaging and
spectroscopy, with an energy resolution of FWHM ≤ 170 eV at
7 keV, over a broader FoV and a wide energy range from 0.2 to
15 keV. The WFI achieves this using two sets of Silicon-based
DEPFET Active Pixel Sensor detectors: the Large Detector Ar-
ray, a 2×2 mosaic covering a ∼ 40 × 40, arcmin2 FoV, oversam-
pling the point spread function (PSF) by more than a factor of
two, and the Fast Detector, optimized for high count-rate obser-
vations.

In this paper, we focus on the NewAthena WFI, as it is
specifically designed for large-area surveys. Its capabilities are
expected to efficiently complement those of PRIMA, enabling a
comprehensive study of obscured and Compton Thick (CT, those
with NH ≥ 1024 cm−2)-AGN across multiple wavelengths.

The latest survey strategy envisioned for NewAthena is
a “wedding cake” with 3 layers: a 12 deg2 area covered by
30 × 300 ks pointings, a 28 deg2 area covered by 70 × 200 ks
pointings, and a 344 deg2 area covered by 860 × 10 ks point-
ings (private communication). To properly study the synergies
between NewAthena and PRIMA, we will compare the Deep
1deg2 PRIMAsurvey with 1deg2 of the NewAthena survey cov-
ered by 300 ks pointings (thus the maximum depth that NewA-

thena will deliver), and the 28 deg2 PRIMA Wide survey with
the 70 × 200 ks layer of the NewAthena survey (covering the
same area). Table 1 summarises the survey strategy used in this
work.

3. Methods

3.1. NewAthena and PRIMA detections

To assess the capabilities of NewAthena and PRIMA in detect-
ing AGN, we adopted the approach of Barchiesi et al. (2021,
hereafter B21), modifying it to reflect the specifications of these
new facilities. A detailed explanation of the method can be found
in their work.

In summary, we began with the X-ray Background (XRB)
synthesis model of Gilli et al. (2007) to estimate the total number
of AGN as a function of redshift z ∈ [0.3, 10], intrinsic 2−10keV
luminosity log (LX/erg s−1) ∈ [42, 48.2], and hydrogen column
density log (NH/cm−2) ∈ [20, 26]. By incorporating the observa-
tional capabilities of NewAthena, we determined the fraction of
the XRB that could be resolved, while the unresolved fraction
contributed to the background signal alongside the instrumental
noise. A source was considered detected if it met a signal-to-
noise ratio threshold of SNR > 5, where the SNR is defined as
the total number of counts divided by the background counts.

For each bin, we assigned 20 SEDs drawn from a sample of
422 AGN in the COSMOS field with X-ray counterparts, high
AGN significance, and similar LX and NH. The flux for each
PRIMAger band was computed assuming a square transmission
function. A source was considered to contribute to the detection
fraction of its bin if its flux exceeded five times the sensitivity of
the survey.

This process was repeated 42 times, selecting different SEDs
in each iteration to ensure statistically robust estimates of the
number of detected sources. The final detection estimates were
taken as the median of these iterations, with uncertainties de-
fined by the 16th–84th percentile range. Using 20 SEDs per bin,
rather than one SED per expected detection, allowed us to op-
timize computational efficiency while minimizing the impact of
stochastic SED selection, particularly in bins with a low number
of expected sources.

In our simulations, we assumed that each detected source
would also be recognised as an AGN. While characterising a
source may be easy for the most luminous AGN or for those
with X-ray coverage, it can be challenging for low-luminosity
and very obscured AGN lacking NewAthena detections. We dis-
cussed this problem and how we can use PRIMA and a multi-
wavelength approach to recognise AGN in Section 5.

3.2. Black Hole Accretion Rate Density

To investigate the capabilities of PRIMA in constraining the
BHAD evolution, we required the AGN bolometric luminosity
function (LF) as it would be derived from PRIMA observations.
We used the same NH binning as in Section 3.1; for the redshift,
we chose 11 z bins, using the same binning as in Delvecchio
et al. (2014, hereafter D14) up to z = 3.8 and extending it up
to z = 10. For the LX binning, we started from 21 Lbolo bins in
the range 9.5 ≤ log (Lbolo/L⊙) ≤ 19.5 and converted those into
LX bins via the Lusso et al. (2012, hereafter L12) bolometric
correction(Lusso et al. 2012). We simulated a PRIMA deep ob-
servation by extracting N SEDs in LX, NH, and z bins, where N is
the expected number of objects (see Section 3.1). For each filter,
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Table 1. Reference surveys used in this work. tfield refers to the on-source time per pointings excluding overheads, ttot to the survey total time in-
cluding overheads. Due to its instrument design, PRIMAger is not able to perform snapshots, instead, it relies on panning along one direction when
scanning its field. The deepest layer of NewAthena surveys comprises 30 300 ks-fields for a total of 12deg2 and 2, 500hr (excluding overhead);
however, for our Deep survey, we focused only on 1deg2 of it to be able to perform comparison with the PRIMA deepest layer. The sensitivities of
PRIMA are reported for the most and least sensitive bands (i.e., ∼ 25 µm and ∼ 235 µm, respectively) for a 5σ detection and have been calculated
from the latest PRIMAger characteristics available in https://prima.ipac.caltech.edu/page/instruments. For the Deep survey, the first
7 filters are always above the classical confusion limits, and it has been demonstrated that using those as priors the flux in the confused bands can
be recovered within a ∼ 20% accuracy(Donnellan et al. 2024). For NewAthena, we report the 2 − 10keV 5σ sensitivities.

Survey Area Instrument tfield(ks) ttot (hr) Sensitivity

Deep 1 deg2 PRIMAger 1000 92 − 229 µJy
NewAthena WFI 300 > 200 1 − 2 × 10−16 erg s−1

Wide 28 deg2 PRIMAger 1000 486 − 1211 µJy
NewAthena WFI 200 ∼ 4000 1.5 − 3 × 10−16 erg s−1

we removed the sources with flux lower than the survey sensi-
tivity and used the remaining ones to calculate the LF via the
non-parametric 1/Vmax method (Schmidt 1968), where Vmax de-
notes the maximum comoving volume within which each source
is detectable. For each object, we determined the maximum red-
shift, zlim, at which detection is possible within the survey’s flux
limits and computed the Vmax as follows:

Vmax =

∫ zmax

zmin

dV
dz
Ω(z) dz (1)

where zmin is the lower boundary of each z bin and zmax is the
minimum between the upper boundary and zlim. Ω(z) is the pro-
jected area of the survey corrected for completeness (computed
as 1/ fc, with fc the fraction of detected sources computed in sec-
tion 3.1).

For each Lbolo and z bin, we computed the LF as follows:

Φ(Lbolo, z) =
1

∆ log Lbolo

n∑
i=1

1
Vmax,i

(2)

with ∆ log Lbolo being the width of the Lbolo bin. With a non-
linear least square fitting algorithm, we fit the LFs with modified
Schechter functions(Saunders et al. 1990):

Φ(L)d log L = Φ∗
(

L
L∗

)(1−α)

exp
[
−

1
2σ2 log2

10

(
1 +

L
L∗

)]
d log L

(3)

where L∗ and Φ∗ are the luminosity and the normalization of the
knee of the LF, while σ and α are the slopes of the LF below
and above the knee. The modified Schechter function has 4 free
parameters, as we have between 3 and 7 (depending on the z)
bins to fit it, thus 0 to 3 degrees of freedom, we decided to fix
the slopes to the best-fit values found by D14, i.e. α = 1.48 and
σ = 0.54.

Finally, the BHAD evolution is obtained from:

ΨBHAD(z) =
∫ ∞

0

1 − ϵ
ϵ c2 LboloΦ(Lbolo) d log Lbolo (4)

with ϵ being the radiative efficiency of the SMBH, assumed to
be ϵ = 0.1(Hopkins et al. 2007b; Delvecchio et al. 2018). While
ϵ = 0.1 it is the standard common assumption (e.g., Hopkins
et al. 2007b; Delvecchio et al. 2018; Yang et al. 2023), we note
that there is no general consensus on its value, with several works
measuring ϵ as high as ∼ 0.4(Bian & Zhao 2003; Zhang & Lu
2020; Farrah et al. 2022), while BH modelling predicts values
between 0.06 (for Schwartzschild BH) and 0.42 (for a maximally

rotating BH). For this work, assuming higher values would sim-
ply lower the normalisation of the BHAD, without changing its
shape. Similarly to D14, we computed the uncertainties by per-
forming the SED extraction and LF fitting 100 times.

4. Results

In this section, we illustrate the results of our simulations. As
an example, we show the capabilities of the first PRIMA Po-
larimeter Imager (PPI1) filter for both the Deep and Wide survey.
We also present the number of expected photometric detections
(i.e., the number of filters for which we expect to have S/N >
greater than the 5σ sensitivity of the survey) as function of z,
NH, and LX for both surveys. At the same time, we show which
of these sources could be detected by NewAthena. As discussed
in section 3, our results illustrate the fraction of sources that can
be detected by PRIMA and NewAthena, with the assumption
that multi-wavelength coverage, SED-fitting, and spectroscopic
follow-ups will correctly identify the sources as AGN and ef-
fectively constrain their bolometric luminosity. We refer to sec-
tion 5 for the discussion on the identification and characterisa-
tion of the sources. To highlight the advancements over previous
instruments, we also compare our results with the detection ca-
pabilities of Herschel. Specifically, we compare our predictions
for the Deep survey with the values obtained by the Multi-tiered
Extragalactic Surveys (HerMES Oliver et al. 2012) survey of
the COSMOS field (5σ sensitivity of 7.7 mJy at 100 µm). The
Wide survey is compared to the XMM-LSS coverage from the
same work (5σ sensitivity of 49.9 mJy at 100 µm). These two
surveys were selected as they represent the deepest available sur-
veys over comparable areas. The overall numbers and fractions
of expected AGN are reported in Tables 2 and 3 for the Deep and
Wide survey, respectively.

We also report the AGN bolometric LFs simulated from the
Deep survey with filter PPI1, and their comparison with those
measured by D14 using Herschel-PACS data. Finally, we show
the BHAD obtained by integrating the LFs and the comparison
with those measured starting from X-ray or IR selections and
with the values predicted by theoretical simulations.

4.1. Deep survey

As an example of the PRIMA performance in the Deep survey,
Fig. 1 illustrates the expected capabilities of PRIMA and NewA-
thena in detecting sources for 12 bins of LX and NH. The black
line represents the total number of AGN in each bin per unit of
redshift. The red and blue areas are the fraction of sources that
we will be able to detect with PRIMAger PPI1 (at 98 µm) and
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NewAthena WFI, respectively. The purple area is the fraction
that should be detected with both instruments. Finally, the capa-
bilities of the Herschel survey of the COSMOS field are repre-
sented by the cross-hatched area.

As we can see, in this wavelength range, PRIMA will
be able to detect almost all the AGN up to redshift 2. For
log (LX/erg s−1) > 43, we also expect to have detections up
to z ∼ 4. We can see that in this band, our ability to detect
AGN depends mostly on the luminosity of the AGN, rather than
their obscuration. On the other hand, for NewAthena we will
detect most of the unobscured AGN up to z ∼ 3 (or z ∼ 2
for log (LX/erg s−1) ≤ 42.3) but miss most of the CT-AGN
even at low-redshift. Where NewAthena shines is in detect-
ing high-luminosity AGN, both obscured and unobscured: for
log (LX/erg s−1) ≥ 44 and log (NH/cm−2) ≤ 22.5, we expect to
detect all AGN up to z ∼ 6− 8. Finally, we can see that Herschel
surveys are able to completely detect the AGN population only
up to z ∼ 1, and reveal the most luminous ones only up to z ∼ 2.

In Fig 2, we illustrate the expected number of PRIMAger
photometric detections for the Deep survey. The black lines are
the total number of AGN per unit of redshift for different bins of
LX and NH. The dotted areas are the AGN fractions that we will
be able to detect with NewAthena. The colour code indicates the
number of PRIMA filters for which we expect to have a detec-
tion. For example, dark blue sources will be detected only in one
or two photometric bands, while those in yellow will have com-
plete coverage from 24 to 235µm. As we can see, we expect to be
able to detect in all PRIMAger bands most of the z ≤ 2 sources
with log (LX/erg s−1) ≥ 43. For AGN with lower luminosity, a
complete coverage is possible only up to z ∼ 1. However, we ex-
pect to be able to reveal all the AGN in at least a couple of filters
up to z ∼ 2, effectively covering all the sources at the “cosmic
noon”. As most of the AGN lies at z ≤ 3, we expect PRIMA to
detect ∼ 30% of all AGN in all the 16 bands and more than 70%
in at least one band. Furthermore, we should be able to detect
most AGN with log (LX/erg s−1) ≥ 44 in one or two photometric
filters up to z ∼ 4, with some detections expected up to z ∼ 6.
Finally, we stress that for the sources with a low number of filter
detections but visible with NewAthena, the latter will allow us to
recognise these sources as AGN and to put constraints on their
properties (i.e., obscuration and intrinsic luminosities). On the
other hand, multi-wavelength coverage, SED-fitting, and spec-
troscopic follow-ups can be exploited to fully characterise the
sources without NewAthena detections (i.e., heavily obscured
and low-luminosity AGN, see Section 5).

A summary of the Deep survey performances of four of the
PRIMAger filters, as well as of NewAthena and Herschel is re-
ported in Table 2.

4.2. Wide survey

Similarly to sec 4.1, we show the expected performance of
PRIMAger PPI1 for the Wide survey in Fig. 3. We used the same
colour code as Fig. 1, with the difference that the considered area
(thus the AGN expected number) is 28 times larger.

As we can see, the capability of detecting high-z AGN de-
creases significantly with respect to the Deep survey. In partic-
ular, we will be able to detect all the AGN only up to z ∼ 1, or
z ∼ 2 for those with log (LX/erg s−1) ≥ 44. On the other hand,
the decrease in depth for NewAthena is not so impactful. This is
due to the NewAthena sensitivity limit between the two surveys
decreasing only by a factor

√
2/3. Similarly to the Deep survey,

NewAthena on its own is not able to detect the majority of the
CT-AGN (with the exception of the most luminous) and strug-

gles with the obscured (NH ≥ 1022.5 cm−2) low-luminosity ones
(LX ≤ 1042.3 erg/s). Finally, we want to highlight that due to the
large area (thus lower sensitivity), very few sources are detected
by Herschel PACS above z ∼ 0.5.

Despite the lower detection fractions, the Wide survey can
take advantage of its 28 deg2 area to significantly boost the num-
ber of detected AGN. In particular, this survey can be extremely
effective in revealing the rarest sources. For example, while we
will not be able to detect all the AGN with log (LX/erg s−1) ∼ 44
and log (NH/cm−2) ∼ 22.5 (even those at z ∼ 2), we still ex-
pect to find ∼ 14, 000 of them, a significant improvement over
the ∼ 1, 200 that the Deep survey will reveal. This is also evi-
dent in the number of expected detections of CT-AGN: while the
Deep survey should reveal ∼ 7, 000 of them, the Wide survey,
although mostly limited to z ≤ 2, should boost this number by a
factor ∼ 10.

In Fig 4, we illustrate the expected number of PRIMAger
photometric detections for the Wide survey. We used the same
colour code as in Fig. 2. As we can see, we will be able to take
advantage of all the bands only up to z ∼ 1, except for some of
the most luminous AGN that we can be detected up to z ∼ 2.
However, for the z ≤ 4 and z ≤ 2 sources that will be revealed
(which should be more than 100, 000), we expect on average
detections in 7 and 11 PRIMAger bands, respectively. Further-
more, as the differences between the depth of the Deep and Wide
survey of NewAthena is minimal, we will be able to take advan-
tage of the NewAthena detections to characterise the sources. In
fact, with the exception of the most obscured sources and those
with very low luminosities, most of the AGN with a couple of
PRIMA photometric detections will also be revealed by NewA-
thena. We refer to Section 5, for a discussion on the characteri-
sation of AGN lacking NewAthena detections. We report in Ta-
ble 3 a summary of the PRIMA and NewAthena predictions for
a Wide survey, as well as the comparison with Herschel capabil-
ities.

4.3. Black Hole Accretion Rate Density Evolution

Adopting the method described in section 3.2, we were able to
fit the LFs up to z = 8. In Fig. 5, we show the LFs obtained
from PPI1 simulations in different z bins. The error bars rep-
resent 1σ Poisson uncertainties (Marshall 1985).The black line
indicates our best-fit LFs, with the associated uncertainties (de-
rived through random sampling of the SEDs; see Section 3.2)
shown as a hatched black area. For comparison, the orange line
and shaded area denote the best-fit LF and its uncertainties de-
rived by D14. The red-shaded region highlights the bolometric
luminosity range accessible through current X-ray surveys(Aird
et al. 2015; Vito et al. 2018; Pouliasis et al. 2024), assuming a
L12 bolometric correction. Due to the low number of sources in
the 7 ≤ z < 8 bin, we fixed the L∗ to the best-fit value found at
5 ≤ z < 6. We report in Table 4 the bolometric LF best-fit values
and their 1σ uncertainties.

Our LF results are consistent with those of D14 across all
redshift bins. The most significant differences are seen in the
lowest redshift bin, where we have fewer sources at the bright-
end of the LF and small uncertainties. These small uncertainties
are mainly driven by two factors: firstly, PRIMA detects almost
all the sources in the entire redshift bin, thus there is little dif-
ference in extracting one SED or another; secondly, we expect
∼ 1000 sources but have only 400 SEDs at our disposal, thus the
variations when bootstrapping are minimal.

We further examined the points showing the largest deviation
from our LF best-fit (e.g., log (Lbolo/L⊙) ∼ 12 at 0.7 ≤ z < 1.2
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Fig. 1. Number of AGN expected per unit of redshift (∆z = 1) for the PRIMA Deep survey. The black lines are the total number of expected AGN,
the red areas represent those which can be detected with the PRIMAger PPI1 at 98µm, the blue areas those which can be detected in the X-rays with
the NewAthena WFI, the purple areas are the AGN that will be detected by both instruments. For comparison, we reported (cross-hatched area)
the performance of Herschel PACS at 100µm for a survey similar to the HerMES survey of the COSMOS field. The columns refer to AGN with
different amount of obscuration (from left to right, 20 ≤ log (NH/cm−2) ≤ 21; 22 < log (NH/cm−2) ≤ 23; 24.18 < log (NH/cm−2) ≤ 25), the rows
to different AGN luminosity (from top to bottom, 42.0 ≤ log (LX/erg s−1) < 42.3, 42.9 ≤ log (LX/erg s−1) < 43.2, 43.9 ≤ log (LX/erg s−1) < 44.2,
44.9 ≤ log (LX/erg s−1) < 45.2).

Table 2. Summary of the PRIMA and NewAthena capabilities in detecting AGN for the Deep survey. NAGN is the total number of expected AGN,
WFI refers to the percentage that will be detected with NewAthena WFI. PHI1 and PHI2 refer to the percentage of AGN that we expect to detect
with the two of the (sub-) filters of PHI (at 34µm and 65µm, respectively). Similarly for PPI1 and PPI3 (at 98µm and 172µm, respectively). For
both PHI and PPI, the number in parenthesis is the fraction of sources that should be visible with both NewAthena and PRIMA. Nfilters is the
average number of PRIMAger photometric filters that each source will be detected in (only for those detected). PACS refers to the fraction of
sources that would be detected by Herschel PACS at 100µm for a sensitivity similar to the HerMES COSMOS survey.

Deep survey NAGN WFI PHI1 PHI2 PPI1 PPI3 Nfilters PACS
% % % % % %

All AGN 25400 26 35 ± 6 (17) 34 ± 4 (16) 59+4
−5 (23) 70 ± 4 (25) 7 11

AGN z ≤ 4 21600 29 41 ± 7 (20) 40 ± 5 (19) 36 ± 5 (27) 81+4
−5 (29) 11 14

AGN z ≤ 2 15200 33 52 ± 8 (25) 54 ± 6 (25) 85+4
−5 (33) 92 ± 3 (33) 14 19

All CT-AGN 10800 3 34 ± 7 (3) 34 ± 4 (3) 61 ± 4 (3) 71 ± 4 (3) 7 12
CT-AGN z ≤ 4 9200 4 40 ± 8 (4) 40 ± 4 (4) 71 ± 5 (4) 83 ± 4 (4) 10 14
CT-AGN z ≤ 2 6600 5 49 ± 9 (5) 55 ± 6 (5) 87 ± 4 (5) 93 ± 2 (5) 14 20

Table 3. Summary of the PRIMA and NewAthena capabilities in detecting AGN for the Wide survey. Columns are the same as Table 3. PACS
refers to the fraction of sources that would be detected by Herschel PACS at 100µm for a sensitivity similar to the HerMES XMM-LSS survey.

Wide survey NAGN WFI PHI1 PHI2 PPI1 PPI3 Nfilters PACS
×105 % % % % % %

All AGN 5.8 24 11 ± 3 (6) 15 ± 3 (8) 36 ± 4 (15) 47+5
−6 (18) 4 1

AGN z ≤ 4 5.0 26 13 ± 3 (7) 18+4
−3 (10) 43+4

−5 (18) 57+6
−7 (21) 7 2

AGN z ≤ 2 3.5 30 19 ± 5 (10) 25 ± 5 (13) 59+5
−6 (25) 75 ± 7 (27) 11 2

All CT-AGN 2.5 2 13 ± 3 (2) 16 ± 3 (2) 37 ± 3 (2) 47 ± 5 (2) 6 2
CT-AGN z ≤ 4 2.1 3 15 ± 3 (3) 19 ± 3 (3) 44 ± 4 (3) 55 ± 6 (3) 7 2
CT-AGN z ≤ 2 1.5 3 21+4

−5 (3) 27 ± 5 (3) 61 ± 5 (3) 74+7
−8 (3) 10 3
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Fig. 2. Expected number of photometric detection per unit of redshift for the PRIMA Deep survey. The solid black lines represent the total number
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Fig. 4. Expected number of photometric detection per unit of redshift for the PRIMA Wide survey. The lines and areas are coded as in Fig. 2.

Table 4. List of best-fit parameters of the AGN bolometric LFs and as-
sociated uncertainties. We fitted the LFs with modified Schechter func-
tions, fixing the faint- and bright-end slopes to the values of D14, i.e.,
α = 1.48 and σ = 0.54. For the 7 ≥ z < 8 bin, due to the low number
degrees of freedom, we also fixed the luminosity at the knee of the LF
at the values of the previous bin.

z bin log (L∗ /L⊙) log (Φ∗ /Mpc−3dex−1)
0.3 ≤ z < 0.7 11.00+0.04

−0.01 −3.8+0.03
−0.05

0.7 ≤ z < 1.2 12.0+0.1
−0.2 −4.36+0.09

−0.08
1.2 ≤ z < 1.8 12.2+0.3

−0.2 −4.87+0.12
−0.18

1.8 ≤ z < 2.5 12.2+0.6
−0.1 −4.9+0.1

−0.5
2.5 ≤ z < 3.8 12.9+0.4

−0.2 −5.3+0.1
−0.5

3.8 ≤ z < 5 12.6 ± 0.4 −5.9 ± 0.2
5 ≤ z < 6 12.2 ± 0.2 −6.0 ± 0.1
6 ≤ z < 7 12.7+0.2

−0.7 −6.5 ± 0.3
7 ≤ z < 8 12.7 −0.7+0.1

−0.3

and log (Lbolo/L⊙) ∼ 11 − 12 at 2.5 ≤ z < 3.8). Their behaviour
can be attributed to the binning used in computing the LF. In par-
ticular, it arises from simulating the expected number of sources
and the survey completeness (see section 3) in quite large LX and
z bins that do not exactly match the Lbolo and z binning used to
compute the LF.

In Fig. 6, we demonstrate the capabilities of PRIMA in mea-
suring the BHAD. The black points are our simulated mea-
sures of the BHAD obtained by integrating the LFs (see sec-
tion 3.2). For comparison, the red-shaded area represents mea-
sured BHAD values from X-ray-selected galaxies (Ueda et al.
2014; Vito et al. 2014; Aird et al. 2015; Vito et al. 2018; Poulia-
sis et al. 2024). Predictions from various simulations are shown
as a blue-shaded region (Shankar et al. 2013; Sijacki et al. 2015;
Volonteri et al. 2016), while the orange-shaded area and points

correspond to BHADs measured from Herschel-PACS selected
sources in D14 and JWST-selected sources (Yang et al. 2023),
respectively. Up to z ∼ 3, our predictions align with the BHAD
values from D14 and are consistent with those measured via
X-ray observations. At z > 3, our BHAD estimates follow the
trends observed in X-ray surveys, which is expected as our sim-
ulations started from X-ray background modelling. The smaller
uncertainties at 7 ≤ z < 8 (with respect to the previous bin) arise
from fixing the L∗ in fitting the LF.

Regardless of the simulated BHAD values at high redshifts,
we find that with PRIMA we will be able to measure the evolu-
tion of the BHAD up to z ∼ 8 with reasonable accuracy. As a san-
ity check, we utilized the SPRITZ simulations of Bisigello et al.
(2024, hereafter B24) to evaluate the capabilities of PRIMA in
measuring the BHAD. Briefly, SPRITZ derives the number den-
sities of star-forming galaxies, AGN, and composite objects up
to z = 10 from the IR LFs of these populations. The simulated IR
luminosity range span between LIR = 105 L⊙ and LIR = 1015 L⊙.
Each object in the simulation is assigned a SED model based on
its classification, which is then used to derive fluxes in various
bands. For further details, we refer to B24. We used the same
approach of sec. 3.2 to measure the bolometric LFs and BHAD
derived from the 100µm detections. We found that PRIMA is
able to recover more than 90% of the simulated BHAD at z ≥ 1
and up to z ∼ 8. The BHAD simulated with SPRITZ is sys-
tematically higher than that obtained from our simulations and
remains nearly constant at z > 3, similarly to JWST-measured
BHAD (Yang et al. 2023). Due to the intrinsically higher BHAD
predicted by SPRITZ, its measurements exhibit even smaller un-
certainties than those from our simulations: approximately ∼ 5%
at z ≤ 3, ∼ 10% at 4 ≤ z ≤ 6, and ∼ 35% at z ≥ 7. It is impor-
tant to emphasize that, regardless of the actual evolution of the
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Fig. 5. AGN bolometric luminosity function expected from a PRIMA Deep survey with PPI1 (98µm). The black line is our best-fit and the shaded
area represents its uncertainties. The orange line is the best-fit LF derived from Herschel-PACS data by D14. The red areas highlight the bolometric
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BHAD, the objective of this work is to demonstrate that PRIMA
will be capable of measuring it with reasonable accuracy. Given
that the source number densities in B24 are derived from IR LFs
rather than from the XRB as in our work, and that different SED
models were employed, our findings provide strong evidence
that PRIMA will effectively be able to measure the BHAD at
high redshifts.

5. Discussion

Our simulations of the capabilities of PRIMA and NewAthena
are reported in section 4, and summarised in Tables 2 and 3.
Figure 6 shows PRIMA capabilities in reconstructing the evo-
lution of the BHAD. In this section, we discuss the synergies

between the two instruments, the improvements over existing
surveys, and the huge importance that FIR observatories such
as PRIMA will have in the next decades.

As shown in Fig. 1 and Fig. 3, the two layers of the PRIMA
survey strategy (1000 hr covering 1 deg2 and 1000 hr covering
27 deg2) complement each other effectively. The Deep layer
will detect nearly all AGN up to z ∼ 2 (at least down to
log (Lbolo/erg s−1) ∼ 43, i.e., the lower limit in our simulations),
and will detect sources up to z ∼ 4 and beyond (those with
log (Lbolo/erg s−1) ≥ 45), providing excellent (and, for sources
with log (Lbolo/erg s−1) ≥ 45.5, nearly complete) coverage of
the “cosmic noon”. Meanwhile, the Wide survey, with its large
area, will excel in the number of detectable sources. We ex-
pect to detect up to approximately 3 × 105 AGN in total with
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2023). In blue, BHAD predictions from simulations (Volonteri et al.
2016; Sijacki et al. 2015; Shankar et al. 2013) are shown. Our points
follow the BHAD measured from the X-rays as our simulations started
from X-ray background modelling.

log (Lbolo/erg s−1) ∼ 43.3, of which about 30,000 with com-
plete detections across all 16 PRIMAger bands. Multiple de-
tections across various bands are critical for two reasons. First,
shorter wavelength detections can help resolve sources that are
blended at longer wavelengths, a technique successfully demon-
strated using both Spitzer and Herschel observations (Hurley
et al. 2017; Wang et al. 2024), as well as PRIMA simulations
(Donnellan et al. 2024). Secondly, in the absence of spectro-
scopic data, the most effective way to characterise a source and
derive its properties is through SED fitting, and PRIMA will ex-
cel at it(Bisigello et al. 2024). Given the degeneracies between
AGN and host-galaxy models and their intrinsic uncertainties,
the ability to separate the two components is directly linked to
the number of photometric detections. Currently, the best FIR
coverage comes from Spitzer and Herschel, but for most sources
at z ∼ 1 and beyond, there are typically only one or two photo-
metric detections. PRIMA, with its 16 contiguous filters, will be
a game changer in SED-fitting of high-z objects. Fig.11 of B21
demonstrates the improvement in constraining the AGN and host
galaxy properties provided when incorporating four additional
FIR filters. B24 showed that we can effectively recognise AGN
by using the PRIMA coverage to measure the shape of the IR
dust continuum. B24 simulated PRIMA observations of “nor-
mal” and active galaxies over a large range of AGN fractions,
IR luminosities, PAH contribution, dust properties, and redshifts
and performed SED-fitting to investigate PRIMA capabilities in
recovering the source properties. In particular, exploiting PHI,
PPI1, and PPI2 filters, B24 were able to retrieve the AGN frac-
tion with a dispersion of 0.06, the fraction of dust mass in PAH
with a precision of ∼ 10%, and the IR luminosity with a scatter
of 0.1 dex.

Additionally, most of the obscured AGN emission is usually
in the 5 − 30 µm (rest-frame) band coinciding with the wave-
length range where PAH and dust emission from the host galaxy
are also present. Properly disentangling these components re-
quires both good coverage at these wavelengths and longer-

wavelength photometric detections to constrain the host-galaxy
dust emission, both of which will be provided by PRIMA. While
current facilities like JWST cover up to 28 µm (albeit JWST is
not ideal for large-area surveys), much of the obscured AGN
emission is shifted out of its bands for z ≥ 1. In contrast, PRIMA
continuous coverage from 24 to 250 µm can trace the AGN emis-
sion up to z ∼ 10 and beyond, and its ability to detect high-z
AGN will mainly depend on the survey depth.

To accurately reconstruct the BHAD, it is essential not only
to identify sources as AGN, but also to precisely measure their
bolometric luminosities. Therefore, we further assessed our abil-
ity to recover AGN and host-galaxy properties through SED-
fitting. Following the methodology of B24, we used CIGALE to
simulate observations of high-redshift AGN. We considered six
redshift bins with 1 ≤ z ≤ 6, generating 1280 SEDs per redshift
bin. These SEDs encompass a range of star formation histories,
stellar ages, AGN fractions, and AGN inclinations. Specifically,
we simulated sources with stellar masses of M∗ = 5 × 1010 and
5 × 1011 M⊙, star formation rates log (S FR /M⊙ yr−1) ∈ [−5, 4],
and bolometric luminosities log (Lbolo/erg s−1) ∈ [43, 48]. We
then performed SED fitting on the simulated observations and
compared the recovered properties to the intrinsic values used
to generate them. The simulated observations were designed to
resemble real deep-field surveys. The optical-NIR coverage is
identical to that of the COSMOS 2020 catalog (Weaver et al.
2022), while the mid- and far-IR data are modeled after the
XID+ deblended catalog (Wang et al. 2024). For each band,
we adopted a sensitivity corresponding to the median uncertain-
ties of the sources in these catalogs. Additionally, we simulated
PRIMA PHI and PPI observations, incorporating uncertainties
equivalent to the 1σ survey sensitivity. Gaussian noise, with a
standard deviation matching the band uncertainty, was added to
all photometric fluxes. The left and center panels of fig. 7 present
the normalized distribution of the difference between the SED-
fitting derived and true values for the S FR and the Lbolo. We
examine three scenarios: (i) without mid- and far-IR coverage (a
common situation for z > 3), (ii) including PRIMA coverage,
and (iii) incorporating PRIMA, along with Spitzer and Herschel
data. Notably, complete wavelength coverage does not necessar-
ily imply detections in all bands; if the flux plus noise fell below
the band sensitivity threshold, the corresponding photometric
point was treated as a non-detection. We found that with PRIMA
coverage we can recover (within 0.1 dex of the true value) the
bolometric luminosity for 75% of our sources and for 63% of
those at z ≥ 3, a significant improvement over the 18 − 20%
of the sources without mid-IR and far-IR coverage. We also ex-
pect PRIMA to double the number of sources with reliable SFR
(within 0.1 dex of the true value), with the fraction increasing
from ∼ 32% to 63%. We run further simulations focusing on
sources at 6 ≤ z ≤ 8. We found that using PRIMA photomet-
ric bands, we measure bolometric luminosity within 0.1 dex of
the true value for ∼ 30% of the simulated objects. More impor-
tantly, for the majority of sources with log (Lbolo/erg s−1) ≥ 45,
the measured Lbolo is within 0.3 dex of the true value. Specifi-
cally, for sources with 45 ≤ log (Lbolo/erg s−1) < 46, we obtain
an average offset of log Lsed

bolo − log Ltrue
bolo = 0.24 ± 0.30, similar

to the bayesian uncertainties associated to the measured values.
Considering the last two redshift bins in Fig. 5 (6 ≤ z < 7
and 7 ≤ z < 8), we can see that all the bolometric lumi-
nosity bins that we are able to populate with PRIMA are at
log (Lbolo/L⊙) ≥ 11.5, or equivalently to log (Lbolo/erg s−1) ≥ 45.
Therefore, we are confident that PRIMAwill not only be able to
detect sources up to z ∼ 8, but also to measure their Lbolo with
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reasonable accuracy, enabling us to reconstruct the bolometric
LFs and BHAD even at these high redshifts.

Regarding NewAthena as its first two layers have similar
depths (with tfield = 300 and 200 ks, respectively), the fractions
of sources detected by the Deep and Wide surveys differ only
by some percent. In general, we expect NewAthena to detect
∼ 25% of all the AGN, and over 30% of those at z ≤ 2. In
particular, NewAthena will be extremely powerful in detecting
moderate-luminosity AGN up to z ∼ 6 and the high-luminosity
ones up z = 8 and beyond. For unobscured low-luminosity AGN,
NewAthena should be able to detect all of them up to z ∼ 1
and most of them at z ∼ 2. However, from Fig. 2, it is easy
to see that the capabilities of NewAthena are heavily affected
by the source intrinsic obscuration. While it can reveal AGN
with log (NH/cm−2) ∼ 20.5 and log (LX/erg s−1) ∼ 42.3 up to
z ∼ 2, if we increase the obscuration to log (NH/cm−2) = 22.5
we are not able to go beyond z ∼ 1. The difficulty in detect-
ing heavily obscured AGN is easily noticeable for CT-AGN: at
high-z NewAthena can reveal only the most luminous, those
with log (LX/erg s−1) ≤ 44 are not visible above z ∼ 1.5, and
AGN with moderate and low luminosity (log (LX/erg s−1) ≤ 43)
will be completely missed. As low- and moderate-luminosity
AGN comprises most of the CT-AGN population, the fraction
of NewAthena detections of CT-AGN is only 2 − 3%.

The synergies between NewAthena and PRIMA are partic-
ularly significant in the study of obscured and CT-AGN. Many
CT-AGN that will remain undetected by NewAthena will likely
be observed by PRIMA (at least up to z ∼ 3). These CT-AGN
are expected to play a crucial role in the evolution of the BHAD
and may help resolve the gap between the measured BHAD and
theoretical predictions from simulations. Currently, most BHAD
estimates are derived from X-ray surveys, and, as such, suffer
from obscuration. Even with the advanced capabilities of next-
generation X-ray observatories like NewAthena, a large portion
of CT-AGN will remain undetected without complementary sur-
veys in the FIR, such as those provided by PRIMA. The excellent
capability of PRIMA to recover the BHAD at very high redshifts
is clearly demonstrated in Fig. 6. Conversely, X-ray coverage of
FIR-detected sources will be essential for characterising these
objects and distinguishing between obscured AGN and dusty
SF galaxies. NewAthena will provide both imaging and spec-
troscopy, enabling constraints on key X-ray properties, including
LX (and consequently AGN bolometric luminosities) and NH. In
addition, the intrinsic X-ray luminosity (i.e., corrected for the ob-
scuration) can be fed to SED-fitting codes to enhance our ability
to accurately fit the optical and IR regimes and separate the AGN
and host-galaxy contributions. Since NewAthena and PRIMA
should fly within the same timeframe, it is not unreasonable to
expect a coordinated survey strategy that will fully exploit the
synergies between these two instruments.

The improvement of PRIMA over existing surveys is easily
seen in Fig. 2 and even more in Fig. 4. From our simulations,
the Herschel survey of the COSMOS field reached sensitivity
that allowed us to detect ∼ 10% of all the AGN and ∼ 20% of
those at z ≤ 2. At the same band (∼ 100µm), the PRIMA Deep
survey is expected to reveal ∼ 60% of all AGN and ∼ 85% of
those at z ≤ 2. In addition, ∼ 30% of all AGN should have com-
plete detection in all 16 PRIMAger bands. PRIMAwill not only
detect all of the AGN at the redshifts that Herschel was able to
reach, but it will also push its detections well beyond the “cos-
mic noon”. Therefore the number of detected AGN is expected
to improve by a factor 3 − 8. The improvement is even stronger
when considering the Wide survey. For such a survey, Herschel
was not able to detect more than 1 − 2% of the AGN popula-

tions, while PRIMA will reveal between ∼ 10 and ∼ 50%. Sum-
marising, regarding galaxy evolution and AGN, PRIMA can be
considered a true successor of Herschel: it will sample a similar
parameter space, but with better sensitivity and more photomet-
ric bands, thus allowing us to characterise the entire population
of the sources detected by Herschel and to reach redshifts that
were not possible before.

Regarding the BHAD, our simulations demonstrate that
PRIMA will be able to measure it up to z ∼ 8, regardless of
the BHAD assumed in this work and of the SED utilised. Prior
to the advent of JWST, the deepest IR-derived BHAD measure-
ments extended only to z ∼ 3. Currently, we are able to measure
it up to z ∼ 4 − 5, though JWST is not ideal for conducting
large-area surveys. With current X-ray surveys, we can measure
the BHAD up to z ∼ 6, however, a major challenge is correcting
for the contribution of the most obscured AGN, that are mostly
missed by X-ray selections. As already discussed, PRIMA de-
tection capabilities do not depend on the source obscuration and
its completeness is mostly dominated by the source fluxes, mak-
ing it far easier to compute. Our simulations show that PRIMA
capabilities in measuring the BHAD will exceed any current
IR or X-ray instrument. With PRIMA, we will be able to ex-
plore the BHAD at previously inaccessible redshifts and address
long-standing questions, such as whether the gap between X-ray-
derived BHAD estimates and theoretical predictions is caused by
the contribution of highly obscured AGN.

Accurately measuring the BHAD across cosmic times not
only enables the study of black hole accretion mechanisms and
feedback processes but could also provide a potential test for the
dark energy content of the Universe. As the local SMBH func-
tion must be equal to the integral of the AGN accretion across
cosmic times plus the total mass increase due to cosmological
coupling (i.e., the BH mass growth due to the cosmological ex-
pansion), knowing the BHAD evolution and the local SMBH
would allow us to measure the cosmological coupling. The latter
could provide insight on the equation of state of the matter in-
side the BH and on their possible contribution to the dark energy
content of the Universe(Soltan 1982; Cadoni et al. 2023; Lacy
et al. 2024).

While we compared our BHAD predictions with those de-
rived from X-ray and infrared surveys, as well as with esti-
mates from cosmological simulations, recently there have been
attempts to measure it starting from JWST detections of dust-
reddened broad-lines AGN, commonly referred to as “Little
Red Dots” (LRDs Matthee et al. 2024). While the AGN nature
LRDs is still a matter of discussion, with alternatives comprising
compact dust-rich star-forming galaxies, brown dwarfs, or other
more exotic sources (Labbe et al. 2023; Pérez-González et al.
2024; Williams et al. 2024; Akins et al. 2024), assuming an AGN
origin lead to z ∼ 6 − 8 BHAD measurements that exceed any
of the previous of at least one order of magnitude (Inayoshi &
Ichikawa 2024). This additional discrepancy further strengthens
the critical need for accurately measuring the BHAD at high-z.
Our predictions of the BHAD are inherently dependent on the
assumptions we made in our simulations. In particular, on the
total number of expected AGN and its redshift evolution, which
we based on the XRB modelling. As discussed in section 4.3,
assuming a different BHAD does not impact significantly our
capability of recovering it via PRIMA surveys. While the exact
values of the BHAD depend on the assumed distribution of AGN
and their evolution, the uncertainties associated to our simula-
tion do not. Instead, they reflect the intrinsic BHAD uncertain-
ties measurable with PRIMA. The legacy value of this work is in
showing that PRIMA will allow us to measure the BHAD with
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Fig. 7. Left and center panels: Normalised distribution of the difference between the estimated and the true values of the SFR and AGN bolometric
luminosity. The blue lines show the result from the SED-fitting using all the available filters; the orange lines represent those using only the PRIMA
PHI and PPI bands. Finally, the green lines show the results for sources without any mid- and far-IR detection. Right panel: Example SEDs of a
galaxy with and without an AGN. The grey dashed line represents the total SED of a non-active galaxy at z ∼ 4 with log (M∗/M⊙) = 10.1 and
S FR = 150 M⊙ yr−1. The solid grey line corresponds to a similar galaxy hosting an AGN with log (Lbolo/erg s−1) = 45.6, whose contribution is
shown by the yellow line. Simulated photometric points, including CFHT, MegaCAM, SUBARU, Vista, Spitzer/IRAC, and PRIMA filters, are
displayed in blue (without AGN) and purple (with AGN). The colour bar at the bottom indicates the wavelength coverage of PRIMA PHI and PPI
bands. Despite the AGN having lower flux compared to the host galaxy dust emission in most PRIMA bands, the extensive coverage of PRIMA
enables to effectively separate the two contributions, allowing for an accurate measurement of the AGN bolometric luminosity.

better accuracy than current IR and X-ray surveys, up to higher
redshift than what is now possible, and free from obscuration
biases.

To facilitate direct comparisons with PACS-derived BHAD
measurements, this work has focused on demonstrating PRIMA
capabilities in measuring the BHAD specifically starting from
a 100 µm survey. We want to highlight that PRIMAger will ob-
serve simultaneously across its entire wavelength range, from
24 µm to 261 µm, offering several advantages. First, lower-
frequency detections with PRIMAger can be used as priors to de-
blend sources at longer wavelengths, ensuring more reliable flux
measurements (Donnellan et al. 2024). Second, as discussed pre-
viously, it will allow us to characterise the host galaxy and AGN
properties, facilitating robust AGN identification (Barchiesi et al.
2021; Bisigello et al. 2024). Lastly, having contemporary sur-
veys at all PRIMA wavelengths will allow us to merge those
to increase the number of detected AGN. This is particularly
critical for identifying obscured AGN in quiescent or faint-FIR
galaxies that may remain undetected at 100 µm. The increased
AGN sample will simplify the incompleteness corrections, fur-
ther reducing the BHAD uncertainties.

Characterising newly discovered sources will strongly de-
pend on accurately constraining their redshifts. While reliable
photometric redshifts should be achievable for AGN detected
across all PRIMAger bands, sources with a low number of pho-
tometric detections will require spectroscopic follow-ups. How-
ever, as in the next decades we expect a huge number of new
objects to be revealed by telescopes such as LSST, SKAO, CTA,
and the Nancy Grace Roman Space Telescope, new facilities
and surveys dedicated to efficiently provide spectroscopy are
also being developed. In particular, the PRIMA surveys could
be conceived to cover fields that will have complete deep spec-
troscopic coverage at the time of its launch. For example, in the
next years, the COSMOS, GOODS, and Euclid Deep Fields will
receive spectroscopic coverage from 4MOST. The Wide-Area
VISTA Extragalactic Survey (WAVES) and the Optical, Radio

Continuum, and HI Deep Spectroscopic Survey (ORCHIDSS)
will target more than 180,000 galaxies in these fields. Addition-
ally, PRIMA could benefit from planned facilities like the Wide
Field Spectroscopic telescope (WFS), which is expected to de-
liver R = 3000 − 4000 Multi-Object Spectroscopy for 250 mil-
lion sources, along with over 4 billion spectra via its R = 3500
Integral Field Spectrograph (Bacon et al. 2024).

Finally, we highlight that, while its investigation exceeds the
scope of this work, PRIMA will also carry on board a pointed
spectrometer (FIRESS) covering the 24 − 235µm wavelength
range and able to operate in low- (R ∼ 100) and high-resolution
(R ∼ 4400− 12000) modes. In the case of sources with few pho-
tometric detections and not visible by NewAthena (e.g., most
of CT-AGN), characterising these sources and constraining their
host-galaxy and AGN properties will benefit from follow-ups
with FIRESS. In particular, AGN-related high-ionisation lines,
such as [Ne v]14.3µm and 24.3µm, [O iv]25.9µm (Tommasin
et al. 2008, 2010; Feltre et al. 2016), and the 9.7µm and 18µm sil-
icate features will fall within the FIRESS wavelength coverage.
The 9.7µm feature is typically associated with unobscured AGN
when observed in emission and with obscured ones when it is in
absorption. Moreover, its depth has been shown to correlate with
the X-ray derived NH(Wu et al. 2009; Shi et al. 2006; Goulding
et al. 2012). To quickly illustrate the capability of FIRESS in
performing follow-up observations of AGN detected by PRIM-
Ager, we utilised Lbol − Lline relations to estimate the fluxes of
the [Ne v]14.3µm and 24.3µm, [O iv]25.9µm emission lines of
our sources (Gruppioni et al. 2016). Assuming the Wide survey
sensitivity and a signal-to-noise ratio threshold of 5, we found
that a total observing time of ∼ 24hrs is sufficient to detect the
10 most luminous sources at z > 2 in all the three emission
lines. At z > 4, detecting the 10 most luminous AGN with both
[Ne v]14.3µm and [O iv]25.9µm requires ∼ 90 hours of integra-
tion time. Finally, considering only [O iv] detections, the 100
most luminous AGN at z > 2 can be detected in ∼ 150hrs. For
a more detailed analysis of the use of AGN- and star formation-
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related emission lines in characterizing AGN and host-galaxy
properties, we refer to B24.

Besides AGN-related lines, we also expect to detect the
SF-related Polycyclic Aromatic Hydrocarbons (PAHs) features
(Leger et al. 1989), as well as fine structure lines of O, C, Ne, S,
N, Fe, Ar, and Si that can be used to probe the neutral and ion-
ized gas and to estimate redshift, amount of gas, the contribution
of AGN and SF to the continuum emission, and the presence
of outflows (Meixner et al. 2019; Mordini et al. 2021; Bisigello
et al. 2024).

6. Conclusion

We investigated the capabilities of the PRIMA instrument
PRIMAger in detecting AGN, with a particular emphasis on the
synergies between PRIMA and NewAthena in identifying and
characterising obscured AGN.

Using X-ray background synthesis models, we predicted the
number of AGN as a function of redshift, luminosity, and ob-
scuration, and simulated the fraction of sources detectable by
NewAthena in Deep (1 deg2) and Wide (28 deg2) surveys. For
each redshift, luminosity, and obscuration bin, we assigned a set
of SEDs from real AGN in the COSMOS field. By convolv-
ing the fluxes of these SEDs with the PRIMAger instrumen-
tal response, we evaluated the detection capabilities of PRIMA.
Specifically, we simulated two PRIMA surveys, each with a
1, 000hr exposure time and covering the same areas as the
NewAthena surveys. Additionally, we compared our predictions
to those achieved with the deepest Herschel surveys covering
similar regions. Finally, we simulated PRIMA measurements of
the BHAD evolution, starting from a ∼ 100 µm survey. Our main
results are the following:

1. The capabilities of PRIMA in measuring the BHAD will
surpass those of any current survey. We anticipate achiev-
ing precise measurements of the BHAD up to z ∼ 8, en-
abling us to determine definitively whether the discrepancy
between X-ray-derived estimates and theoretical predictions
arises from a population of heavily obscured AGN. Further-
more, PRIMA will provide an unprecedented opportunity to
study the evolution of AGN and galaxies, probing back to an
age of the Universe of ∼ 700 Myr. While the BHAD values
we obtained depend on the assumed evolution of the total
number of AGN, the associated uncertainties do not and ef-
fectively illustrate PRIMA potential in measuring the high-
redshift evolution of the BHAD free from obscuration biases.
Indeed, we showed that starting from IR-derived BHADs,
we can effectively recover the BHAD with even greater ac-
curacy.

2. A Deep PRIMA survey will be extremely powerful in reveal-
ing AGN up to ∼ 4 and beyond. We expect to detect ∼ 30%
of all the AGN up to z ∼ 10 in all the 16 bands and more than
70% in at least one band. On average, we expect to have 7
detections per (detected) source. We predict that we will be
able to reveal almost the entire AGN population at the “cos-
mic noon”. A Wide survey, on the other hand, will rarely
detect AGN z > 2. However, thanks to its large area, we ex-
pect up to 3 × 105 AGN, of which ∼ 30, 000 with complete
detections across all 16 PRIMAger bands.

3. The NewAthena capabilities in detecting AGN are heavily
affected by the source obscuration. With the current survey
strategy, most of the CT-AGN (except for the most luminous
ones) will be completely missed. For less obscured sources,

we will be able to detect most of them up to z > 2. Indepen-
dently from the source obscuration, the most luminous AGN
will be visible up to z ∼ 8 − 10.

4. We found the combination of PRIMA and NewAthena to be
a powerful tool to completely sample the AGN population up
to very high-z regardless of the source obscuration. NewA-
thena will be able to detect the most luminous sources and al-
most all the unobscured AGN, while PRIMAwill be very ef-
fective in recovering the heavily obscured and CT-AGN that
NewAthena will miss. For these sources, it has been shown
that SED-fitting or spectroscopic follow-ups with FIRESS
will allow us to effectively recognise them as AGN and to
characterise their properties.

5. The synergies between the two instruments can also be ex-
ploited for the source characterisation. The large number of
PRIMA filters will provide a substantial improvement in our
capabilities to perform SED-fitting and properly characterise
the host-galaxy and AGN properties at high-z. Moreover, the
NewAthena-provided X-ray properties can be used to further
constrain the SED fitting and overcome the AGN-SF degen-
eracies. Finally, at high-z even just an X-ray detection should
be enough to identify a source as an AGN.

6. Our comparison with the capabilities of existing Herschel
surveys shows that PRIMA will provide an exceptional im-
provement over existing FIR surveys, both in terms of num-
bers of sources and redshift. For the Deep survey, the frac-
tion of detectable AGN at 98µm increases from ∼ 10% to
∼ 60%, with most of them having multiple detections in
the other PRIMAger bands. The Wide survey perfectly il-
lustrated the capabilities of PRIMA in effectively perform-
ing large area surveys: we expect an increase in the number
of 98µm-detected sources by a factor ∼ 30 with respect to
Herschel surveys covering similar areas.

In this work, we demonstrated the capabilities and the ne-
cessity of exploiting the synergies between PRIMA and NewA-
thena to detect the full AGN population at and beyond the “cos-
mic noon”, and to effectively characterise these sources. We also
highlighted the significant improvement PRIMA offers in de-
tecting obscured AGN compared to current surveys and in accu-
rately measuring the evolution of the BHAD. With no planned
cryogenically-cooled FIR observatories apart from PRIMA, we
emphasize that without this mission, the astronomical commu-
nity will face a critical gap in FIR coverage through and beyond
2040. This absence would severely hinder our ability to study
obscured AGN and dust-rich galaxies at high redshifts and to
finally constrain the evolution of the BH accretion rate density.
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