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Abstract

Infrared-luminous galaxies are important sites of stellar and black hole mass assembly at most redshifts. Their
luminosities are often estimated by fitting spectral energy distribution (SED) models to near- to far-infrared data, but
the dependence of these estimates on the data used is not well understood. Here, using observations simulated from a
well-studied local sample, we compare the effects of wavelength coverage, signal-to-noise ratio, flux calibration,
angular resolution, and redshift on the recovery of starburst, active galactic nucleus (AGN), and host luminosities. We
show that the most important factors are wavelength coverage that spans the peak in a SED, and dense wavelength
sampling. Such observations recover starburst and AGN infrared luminosities with systematic bias below 20%.
Starburst luminosities are best recovered with far-infrared observations, while AGN luminosities are best recovered
with near- and mid-infrared observations, though the recovery of both are enhanced with near/mid-infrared and far-
infrared observations, respectively. Host luminosities are best recovered with near/far-infrared observations, but are
usually biased low, by 220%. The recovery of starburst and AGN luminosity is enhanced by observing at high angular
resolution. Starburst-dominated systems show more biased recovery of luminosities than do AGN-dominated systems.
As redshift increases, far-infrared observations become more capable and mid-infrared observations less capable at
recovering luminosities. Our results highlight the transformative power of a far-infrared instrument with dense
wavelength coverage, from tens to hundreds of microns, for studying infrared-luminous galaxies. We tabulate
estimates of systematic bias and random error for use with JWST and other observatories.
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1. Introduction

Infrared-luminous galaxies are systems harboring brief
(~tens of Myr), intense phases of star formation and/or
supermassive black hole (SMBH) accretion that are at least
moderately obscured, leading to high infrared to optical
luminosity ratios. These systems are rare in the nearby
Universe, but rise rapidly in number density with redshift,
such that by z ~ 1 they harbor a significant fraction of the
comoving star formation rate and SMBH accretion rate
densities. They have also been linked to processes such as
the merger-driven transformation of disks to spheroids, and
active galactic nuclei (AGN)- and/or star formation-based
feedback. Reviews of their properties can be found in
D. B. Sanders & 1. F. Mirabel (1996), A. W. Blain et al.
(2002), C. J. Lonsdale et al. (2006), C. M. Casey et al. (2014),
and M. Pérez-Torres et al. (2021).

Estimating the starburst, AGN, and host luminosities of
infrared-luminous galaxies has been an observational goal
since their discovery, and remains so in the era of JWST. The
most direct method for estimating these luminosities, and the
one that many other methods are calibrated on, is to measure
the shape of the ultraviolet through millimeter spectral energy
distribution (SEDs), and then use either energy-balance
arguments or radiative-transfer modeling to decompose the
SED into its starburst, AGN, and host components
(E. da Cunha et al. 2008; J. Chevallard & S. Charlot 2016;
M. Boquien et al. 2019; C. Varnava & A. Efstathiou 2024).
SED fitting is usually performed using photometric or low-
to moderate-resolution spectroscopic (R < 200) data, and
constrains fits based on the shape of the continuum and broad
spectral features such as polycyclic aromatic hydrocarbon
(PAH) features. This approach has been used in studies at all
redshifts (e.g., D. Farrah et al. 2003, 2016; E. Hatziminaoglou
et al. 2008, 2009; C. J. Lonsdale et al. 2015; R. Herrero-Illana
et al. 2017; S. Mattila et al. 2018; E. C. Kool et al. 2020;
A. Efstathiou et al. 2022; S. Yamada et al. 2023; L. Spinoglio
et al. 2024; C. Varnava et al. 2024, 2025).

Understanding how systematic bias and random error
(accuracy and precision, respectively) affect the results from
SED fitting is essential to their reliable interpretation.
Furthermore, planning for future infrared observatories is
enhanced by knowing which factors affect the reliability of
SED-fitting results (D. Farrah et al. 2019). Both accuracy and
precision may depend on which data the SED models are fit to,
since SED shapes can be degenerate, especially in the rest-
frame near- and mid-infrared for starbursts versus AGN, and
the rest-frame near- and far-infrared for starbursts versus their
host galaxies. Yet this issue has not been thoroughly
investigated. Studies exist that examine how well galaxy
properties can be recovered from specific survey designs (e.g.,
L. Bisigello et al. 2024; M. Bonato et al. 2024), and which
compare the results from different SED-fitting codes
(L. K. Hunt et al. 2019; C. Pacifici et al. 2023). However,
the dependence of recovered luminosities on the data used has
been less well-studied (though see C. G. Magris et al. 2015;
J. Leja et al. 2019; J. E. Thorne et al. 2023; L. Sommovigo &
H. Algera 2025).

In this work, we examine the issues that affect the accuracy
and precision of starburst, AGN, and host luminosities
recovered via SED fitting of infrared-luminous galaxies. We
use a well-studied sample of infrared-luminous galaxies to
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generate mock observations for fiducial instruments. We then
apply a standard SED-fitting approach to those mock
observations and compare the derived luminosities to their
(assumed) true values. We define our input sample in
Section 2. Using their SEDs as the “true” SEDs, we describe
the generation of mock observations for fiducial near- to far-
infrared instruments that are representative of past, current,
and future facilities in Sections 3 and 4. We describe the fits to
these mock observations and the recovery of component
luminosities in Section 5. We compare the recovered
luminosities to their “true” values, and present estimates of
the accuracy and precision of luminosity recovery for each
instrument, in Section 6. We present our discussion and
conclusions in Section 7. Throughout, we adopt the same
cosmology as in A. Efstathiou et al. (2022), a spatially flat
universe with Hy = 70km s~ ' Mpc ™' and Q, = 0.7.

2. Input Sample

As the input sample for our simulations, we adopt the
42 z < 0.27 ultraluminous infrared galaxies (ULIRGs) that
were observed as part of the HERschel ULIRG Reference
Survey (D. Farrah et al. 2013; H. W. W. Spoon et al. 2013;
C. Pearson et al. 2016; D. L. Clements et al. 2018). This
sample is an ideal input population for our study for three
reasons. First, the sample is an almost unbiased set of nearby
infrared-luminous galaxies in which the starburst and/or AGN
are much brighter than their host galaxies. The selection is
detailed in D. Farrah et al. (2013) and comprises nearly all
known systems with Lig 2> 1012L@ at z < 0.27. The sample
thus spans the full range of starburst to AGN dominance, and
all four primary optical spectral classes (HII, LINER, Seyfert
2, Seyfert 1). Second, their ultraviolet through millimeter
SEDs have been comprehensively modeled using a radiative
transfer approach (A. Efstathiou et al. 2022; D. Farrah et al.
2022), giving a library of SEDs, each with a starburst, AGN,
and host component, from which to build our “truth”
observations. The details are given in A. Efstathiou
et al. (2022), but in brief: The starburst (A. Efstathiou &
R. Siebenmorgen 2009) is modeled as an exponentially
decaying burst in which the free parameters include the initial
optical depths of the star-forming clouds, the e-folding
times of the starburst, and starburst age. The AGN model
(A. Efstathiou & M. Rowan-Robinson 1995; A. Efstathiou
et al. 1995, 2013) assumes a smooth, tapered disk in which the
half-opening and inclination angles of the torus, the ratio of
inner to outer radius, and equatorial optical depth are the
primary free parameters. The host model assumes a Sérsic
profile with n = 4, and a mixed distribution of stars and dust.
The SEDs have a spectral resolution of R ~ 200 and include
PAH features between 3 yum and 13 ym and silicate dust
features at 9.7 ym and 18 pm. They do not, however, include
mid- or far-infrared fine-structure lines. Finally, a sample size
of 42 is a reasonable compromise between having enough
objects to assess the range in recovered luminosities and
allowing the fitting to complete using moderate computing
resources.

We make one simplifying assumption to this sample.
A. Efstathiou et al. (2022) find that three objects show
evidence for a “polar” dust SED component—dust within the
polar regions of the AGN at distances of a few parsecs. Polar
dust is thus rare (though see J. Lyu & G. H. Rieke 2022), and
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Table 1
The Input Sample to Our Simulations
Name Redshift L e Ldre Line L We.2
IOglo(Lb;) (pm)

IRAS 00188-0856 0.128 12.35 12.27 11.45 11.03 0.102
IRAS 00397-1312 0.262 12.97 12.85 12.32 11.19 0.036
IRAS 01003-2238 0.118 12.20 11.88 11.91 10.36 0.055
IRAS 0157240009 (Mrk 1014) 0.163 12.53 12.39 11.90 11.27 0.064
IRAS 0315844227 0.134 12.61 12.42 12.14 10.89 0.101
IRAS 0352140028 0.152 12.38 12.33 11.41 10.05 0.348
IRAS 05189-2524 0.043 12.14 11.89 11.74 10.84 0.043
IRAS 06035-7102 0.079 12.21 12.08 11.32 11.26 0.105
IRAS 06206-6315 0.092 12.17 12.07 11.23 11.08 0.213
IRAS 0759846508 0.148 12.62 12.34 12.30 9.56 0.011
IRAS 08311-2459 0.100 12.47 12.35 11.75 11.02 0.139
IRAS 0857243915 0.058 12.17 11.82 11.89 10.27 <0.003
IRAS 09022-3615 0.060 12.23 12.15 11.41 10.56 0.148
IRAS 0932046134 (UGC 5101) 0.039 12.01 11.93 10.94 10.97 0.250
IRAS 1037841109 0.136 12.24 11.91 11.92 10.95 0.105
IRAS 1056542448 0.043 12.05 11.97 10.97 10.97 0.635
IRAS 11095-0238 0.107 12.19 11.77 11.98 10.27 0.054
IRAS 12071-0444 0.128 12.34 12.08 11.93 11.21 0.118
IRAS 1254045708 (Mrk 231) 0.042 12.54 12.28 12.17 11.02 0.021
IRAS 13120-5453 0.031 12.24 12.18 10.99 11.14 0.528
IRAS 13428+5608 (Mrk 273) 0.037 12.11 12.04 11.24 10.56 0.190
IRAS 1345141232 (4C 12.50) 0.122 12.28 11.54 12.12 11.38 0.011
IRAS 1353641836 (Mrk 463) 0.049 11.88 11.36 11.70 10.59 <0.002
IRAS 14348-1447 0.083 12.30 12.12 11.59 11.43 0.249
IRAS 14378-3651 0.068 12.05 11.98 11.15 10.63 0.445
IRAS 1525043609 0.055 12.02 11.82 11.57 10.40 0.044
IRAS 1532742340 (Arp 220) 0.018 12.03 11.96 11.06 10.79 0.272
IRAS 15462-0450 0.100 12.10 11.98 11.40 10.61 0.079
IRAS 16090-0139 0.134 12.48 12.43 11.42 10.81 0.093
IRAS 1650440228 (NGC 6240) 0.024 11.83 11.62 11.09 11.14 0.378
IRAS 17208-0014 0.043 12.35 12.32 10.78 10.83 0.457
IRAS 19254-7245 (SuperAntena) 0.062 12.12 11.85 11.44 11.51 0.074
IRAS 19297-0406 0.086 12.40 12.29 11.53 11.29 0.436
IRAS 20087-0308 0.106 12.43 12.40 10.98 10.99 0.352
IRAS 20100-4156 0.130 12.51 12.42 11.71 10.78 0.139
IRAS 20414-1651 0.087 12.16 12.10 11.16 10.81 0.571
IRAS 20551-4250 0.043 12.01 11.79 11.49 10.93 0.111
IRAS 22491-1808 0.078 12.07 11.87 11.55 1091 0.403
IRAS 23128-5919 0.045 11.87 11.75 11.12 10.64 0.364
IRAS 23230-6926 0.107 12.16 12.03 11.53 10.36 0.312
IRAS 23253-5415 0.130 12.31 12.05 11.76 11.53 0.288
IRAS 2336543604 0.064 12.16 12.06 11.42 10.58 0.401

Note. The columns give their IRAS names, redshifts, their assumed “true” total and component rest-frame 1-1000 ym luminosities, and the PAH equivalent width
values used to divide the sample into starburst- and AGN-dominated subsamples (Section 2).

less luminous than the starburst or AGN. As such, we exclude
the polar dust component from these three objects to give input
SEDs of 42 objects whose components are their starbursts,
AGN, and host galaxies. The sample and their “true”
luminosities are presented in Table 1. Diagnostic plots for
the sample can be found in A. Efstathiou et al. (2022) and
D. Farrah et al. (2022).

This choice of input sample places two qualifiers on our
results. First, they are most relevant to objects whose starburst
and/or AGN are at least a factor of 5 times as luminous as
their hosts. Our results become less applicable to objects as
this ratio declines. Second, our results are most relevant
for objects which are drawn at random from a parent
population that resembles our input sample (though we

consider simulations using subsets of the input population
that are starburst or AGN dominated in Section 6.1.3).

3. Simulated Instruments

We consider observations from the following mock near-
through far-infrared instruments:

1. Ns. A near-infrared spectrograph covering 1.5-5.0 pm. This
resembles spectrographs such as SpeX on the NASA
Infrared Telescope Facility (J. T. Rayner et al. 2003),
NIRS on Gemini (J. H. Elias et al. 2006), IRCS on
Subaru (A. T. Tokunaga et al. 1998), the shorter-wavelength
modules within the Infrared Spectrograph (IRS) on
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Spitzer (J. R. Houck et al. 2004), and NIRSpec on JWST
(P. Jakobsen et al. 2022).

2. Ms. A mid-infrared spectrograph covering 5-28 pm.
This resembles instruments with coverage of both the
N and Q bands, the longer-wavelength modules within
the IRS on board Spitzer, and MIRI on board JWST
(G. S. Wright et al. 2023). The combination of Ns and
Ms resembles the Short-Wavelength Spectrometer
instrument on board the Infrared Space Observatory
(T. de Graauw et al. 1996).

3. NMp. Photometric observations in five bands spanning
near- to mid-infrared wavelengths. We adopt band
centers and filter widths that resemble commonly used
filters on NIRCam (M. J. Rieke et al. 2023) and MIRI on
JWST, but the results should be applicable to any choice
of filters that populate near- to mid-infrared wavelengths.

4. Fs. A far-infrared spectrograph covering 30-300 pm.
This instrument is similar to those proposed for concept
missions, including the FIRESS (C. M. M. Bradford
et al. 2025) on board PRIMA (D. Burgarella et al. 2024,
J. Glenn et al. 2025), SAFARI on SPICA (E. Egami
et al. 2018), SPIRIT (D. Leisawitz et al. 2007
B. V. Ricketti et al. 2024), and SALTUS (G. Chin
et al. 2024; J. Spilker et al. 2024).

5. Fp. Photometry in five far-infrared photometric bands,
centered at 70, 160, 250, 350, and 500 pm, chosen to
match those within the PACS and SPIRE instruments on
board Herschel (M. J. Griffin et al. 2010; A. Poglitsch
et al. 2010). Fp also resembles future instruments such as
Primager on PRIMA (L. Ciesla et al. 2025).

In addition, we consider the following optical and submilli-
meter instruments:

1. Opt. Since optical imaging in at least one band is
ubiquitous, we assume that all simulated observations at
any redshift include imaging in two optical bands. We
select the Sloan Digital Sky Survey (SDSS) g and r
bands, which are almost identical to the g- and r-band
filters on the Vera Rubin Observatory.

2. Sp. When considering observations with multiple instru-
ments (Section 6.3), we include a submillimeter instru-
ment that performs photometry at 450 pm and 850 pm.
This instrument resembles several ground-based facilities
that observe through two low-opacity windows in Earth’s
atmosphere, including the Atacama Large Millimeter/
submillimeter Array, SCUBA2 (W. S. Holland et al.
2013), or AtLAST (T. Mroczkowski et al. 2025). We do
not consider observations with Sp on its own as at most
redshifts it constrains only the slope of the Rayleigh—Jeans
tail of the SED.

The parameters for each instrument are given in Table 2. We
assume that all instruments have flat sensitivity curves. This
assumption is reasonable, since filters generally have fairly flat
sensitivity profiles, and most modern spectrographs, including
NIRSpec and MIRI, have sensitivities that vary by less than a
factor of 2 across most of their wavelength ranges. The
spectral resolutions of many of these instruments are higher
than the spectral resolution of the input SEDs, but since our
aim is to examine the recovery of infrared luminosities from
SED fitting, rather than measuring fine-structure lines, this
should not affect our analysis. We note though that if structure
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Table 2
Simulated Instruments, Their Wavelength Ranges, and Fiducial Wavelengths
for S/N Calculations (Section 3)

Instrument A Aid
(pm) (pm)
Opt* 0.45, 0.70 0.45, 0.70
Ns 1.4-4.8 2.0
Ms 5.0-28.0 10.0
NMp 2.2,44,77,15,22 2.2,44,77, 15,22
Fs 30-300 50
Fp 70, 160, 250, 350, 500 70, 160, 250, 350, 500

Sp° 450, 850 450, 850

Notes. “Opt” corresponds to the Sloan g and r filters. For other instrument
names: “N,” “M,” “F,” and “S” correspond to near-infrared, mid-infrared, far-
infrared, and submillimeter, respectively, and “s” and “p” correspond to
spectroscopy and photometry. The NMp filters correspond to JWST F222W,
F444W, F777W, F1500W, and F2200W. The Fp filters correspond to Herschel
PACS/SPIRE photometry.

# Common to all simulations (Section 3).

b Only used in multi-instrument simulations (Section 6.3).

in continua at R > 200 can constrain luminosities, then our
analysis will not include this effect.

4. Observations Generation

Using the input sample SEDs (Section 2) as the “truth,” we
generate for each instrument (Section 3) mock data to a given
signal-to-noise ratio (S/N) at its fiducial wavelength. The
S/Ns at other wavelengths are then calculated from the SED of
the individual source. We do not consider telescope or
astrophysical backgrounds, or confusion noise. This is
equivalent to assuming that the source flux densities can be
measured to the quoted noise level by a combination of
observing parameters and source-extraction methods. This
approach affords broad comparisons across wavelength ranges
and redshifts as it is agnostic to specific telescopes or survey
designs, but restricts how our results should be interpreted, as
detailed below.

Telescope and astrophysical backgrounds can limit observa-
tions, but the degree depends on the observed wavelength, the
brightness of the source, and the telescope. To illustrate, we
show in Figure 1 the SED of the ULIRG Mrk 231, together
with typical astrophysical backgrounds and telescope back-
grounds for three representative facilities. Depending on the
parameters of the observation, the source can be orders of
magnitude brighter than these backgrounds, or well below
them. Furthermore, backgrounds can be substantially reduced
by methods such as nodding and chopping (R. Papoular 1983).
By not considering these backgrounds, we assume that the
combination of telescope properties and observing parameters
means that they can be removed, such that their effect is
insignificant. This is likely a reasonable assumption in most
cases, but may be invalid for very high-redshift sources
observed at longer wavelengths with warmer telescopes.

Source confusion arises when there are secondary sources
in the instrument beam in addition to the primary source
(J. J. Condon 1974). It increases in importance as angular
and/or spectral resolution become coarser and exposure time
increases (D. W. Hogg 2001; T. T. Takeuchi & T. T. Ishii 2004;
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Figure 1. Comparison of telescope and astrophysical backgrounds in a 10” x 10”
aperture, with Mrk 231 at z = 0, 1, 2, 3, 4, 5 (Section 4). With B(T) as the Planck
function, the telescope backgrounds follow €,B(Te)) With €, = 0.04. Zodiacal light
is modeled as 2 x 107 'B(T,oq) with T,q = 240K (C. Leinert et al. 2002).
Milky Way emission is modeled via 40((\)/(Xo)) 2 x 107 7B(Tism) (with
Tism = 17.53 K, Ay = 23.05 um, and 3 = 1.55) for wavelengths longward of
70 pm, and 5 x 10723((\)/(M\o))** at wavelengths shortward of 70 um
(D. P. Finkbeiner et al. 1999). For the cosmic infrared background, we adopt

L\ (0.6
1.6 x 10*5(%)
modeled as B(Tcvmg), With Teyp = 2.718 K (J. C. Mather et al. 1994).

4)
B(Tir). The cosmic microwave background (CMB) is

C. Kiss et al. 2005; M. Béthermin et al. 2017; M. Bonato
et al. 2024). The confusion limit used to be a straightforward
bound on how deeply observations could usefully be
performed, as it depended primarily on observed wavelength
and telescope aperture, and temperature. This has changed in
the last decade. Modern approaches combine advanced
statistical methods with prior information including redshift,
luminosity, position, angular extent, and SED shape. This
allows flux densities to be measured to well below the
classical confusion limit (P. D. Hurley et al. 2017;
W. J. Pearson et al. 2017, 2018; J. R. Weaver et al. 2023;
J. M. Béthermin et al. 2024; J. M. S. Donnellan et al. 2024;
L. Wang et al. 2024). Exactly how far below, however,
depends on the instrument, the observations, and the source
under study. The real-world equivalents of the instruments in
our study vary substantially in angular resolution and
sensitivity, even for the same observed wavelengths.
Accounting for source confusion in our study, in a way
relevant to modern analysis methods, would involve simulat-
ing a map of each observation at each wavelength with an
assumed angular resolution, applying modern source-extrac-
tion methods to the ensemble of observations, and then fitting
the resulting SEDs. Such an approach is beyond the scope of
this work and would render the comparisons across wide
wavelength ranges impractical. In not accounting for source
confusion, we assume that the instrument, observation, and
source properties are such that the observations can be made
to the assumed S/N. This approach means our results cannot
be directly used to determine the effectiveness of a survey to
a fixed flux density limit—the role of source confusion must
first be independently estimated to see if observations of a
given S/N can be extracted. For this reason, we do not
present the luminosity limits as a function of redshift for our
results.
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5. Parameter Recovery

We fit the simulated observations with the SMART SED-
fitting code (C. Varnava & A. Efstathiou 2024). SMART is an
updated version of the code used in A. Efstathiou et al. (2022),
and uses the same SED libraries. Moreover, C. Varnava et al.
(2024) compared key physical quantities derived by SMART
with those in A. Efstathiou et al. (2022), and found very good
agreement between the estimates. Thus, our results should
reflect the degree to which different instruments can recover
starburst, AGN, and host properties, rather than differences in
model libraries. We restrict our analysis to the CYGNUS AGN
model set, with its assumed smooth, tapered disk geometry,
since these were used to produce the “true” observations. This
means our results do not include error terms for not knowing
the true AGN obscurer geometry. These uncertainties may be
significant (e.g., F. Gao et al. 2021). We defer an analysis of
this issue to a dedicated future work. An example “true” SED,
simulated data, and the recovered SED fit to these simulated
data are shown in Figure 2.

To assess the quality of the recovery, we compare the
following “observed” luminosities to their “true” values:

1. Lto. The total rest-frame 1-1000 ym luminosity of the
system.

2. Lsp. The rest-frame 1-1000 yum luminosity of the
starburst.

3. Lagn- The rest-frame 1-1000 pm luminosity of the
AGN. This measure of AGN Iluminosity does not
include a correction for anisotropic emission. Recovering
the anisotropy-corrected AGN luminosity requires the
observations to constrain the geometry of the AGN
obscurer. We do not consider this here, but defer it to a
future work.

4. Ly. The rest-frame 1-1000 ym luminosity of the host
galaxy.

The other parameters for each model are allowed to vary in the
fits, using the same ranges as in A. Efstathiou et al. (2022), but
we focus here on how well total and component infrared
luminosities can be recovered.

6. Results
6.1. Nearby Universe

We first examine the ability of observations with any one of
Ns, NMp, Ms, Fs, and Fp (plus Opt in all cases) to recover
total infrared luminosities in the nearby Universe (z ~ 0.1).
We parameterize this recovery as the ratio of the observed to
true luminosity:

Observed
a = LLT (1)
We assume that each observation is detected at an S/N of 100
at its fiducial wavelength. The results are shown in Figure 3
and Table Al. The Fs instrument gives the best recovery,
constraining L. to within 10% and with little systematic bias.
In contrast, the recovery of Ly, with Fp is biased high by
about 50%, and low by about 50% with NMp or Ms, on
average, with a random uncertainty of ~30%—-40%. With Ns
the recovery of Ly, is biased low by about 70%. For Lgy,, Fs
and Fp overestimate by 25% and 50%, on average, Ms and
NMp underestimate by 50% and 70%, and Ns gives no useful
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constraints. For Lagn, Ms and NMp overestimate by
20%-30%, Fs and Ns underestimate by about 30%, and Fp
gives no useful constraints. For Ly, Ns gives the most accurate
recovery, followed by Fs, Fp, NMp, and Ms. All observations
systematically underestimate Ly by at least 20%, however.

6.1.1. Effect of Signal-to-Noise Ratio

We next explore the effect of varying the S/N of the
simulated observations over the range 2-20 (Figure 4).
Increasing the S/N from 10 to 20 has no significant impact.
Reducing the S/N much below 10, however, does. For all
instruments, there is noticeable degradation in the recovery of
total, starburst, AGN, and host luminosity by S/N ~ 6, and

substantial degradation by S/N=~4. Reducing the S/N
impacts precision (random error) more than accuracy (sys-
tematic bias). Since we do not want our subsequent results to
be dominated by S/N effects, we fix S/N=10 for all
simulations in the nearby Universe.

6.1.2. Effect of Flux Calibration

Another potential issue is an error in the flux calibration of
the instrument. To investigate this, we explore the impact on
luminosity recovery of a uniform flux calibration error of
between —20% and 20% over the wavelength range of each
instrument (Figure 5). For Lt fitting a linear model between
the flux calibration error and the bias in luminosity recovery
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yields a slope consistent with unity to within 1o for Ms, NMp,
Fs, and Fp, and to within 20 for Ns. For Lg,, the slopes are
consistent with unity to within 1o for Fs and Fp, but show
tension with a unity slope at the 20-2.5¢ level for Ns, Ms, and
NMp. For Lagn, the slopes are consistent with unity to within
1o for all instruments except Ns, which is consistent at ~2¢.
For Ly, the slopes are consistent with unity to within 2¢ for all
instruments except Ms, which is inconsistent with unity at the
~3.50 level. These results may suggest the presence of a
subtle effect, in which a flux calibration error in a given
instrument more strongly impacts the recovery of SED
luminosities that are faint in its wavelength range than those
that are bright. However, a study with a larger sample would
be required to confirm this.

6.1.3. Effect of Starburst versus AGN Dominance

The initial selection of an object may predispose it toward
starburst or AGN dominance. Simulations with an input
population that spans the full range of starburst to AGN
dominance may not be applicable in these cases. Accordingly,
we divide our input sample into two subsamples, one with
6.2 yum PAH equivalent widths (EWs) of Wy, > 0.14 um and
one with W, < 0.14 um. We adopt this criterion as PAH EW
is commonly used to select for starburst dominance (V. Desai
et al. 2007; J. Bernard-Salas et al. 2009; T. Takagi et al. 2010;
Y.-W. Lin et al. 2024), and because this boundary closely
divides the sample into systems where more (less) than half of
Lt arises from star formation. This does however mean that
the results from each simulation are based on only 21 objects.
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This should still be sufficient to estimate the recovery of
luminosities, but we note this as a caveat to our analysis.

The results are shown in Figure 6 and Table Al. For the
Weso > 0.14 ym simulations, the recovery of Lt and Lgy is
biased toward lower values using Ns, Ms, or NMp, but is
effectively unchanged for Fs and Fp. For Lagn, Ns and Fs
become more biased to lower values, while Ms and NMp are
unchanged. The recovery of Ly is unchanged for any
instrument. For the Wg, < 0.14 um simulations, the results
are different. For Ly, and Lgp, the Ns, Ms, and NMp
instruments all give less biased recovery, while the recovery
using Fs and Fp is barely changed. For Lagn, the recovery
with Ns and Fs is slightly less biased, but unchanged with Ms,
NMp, or Fp. The recovery of Ly is not affected using any
instrument.

6.1.4. Effect of Angular Resolution

We here examine the effect on luminosity recovery of
observing at finer angular resolution. We consider the scenario
where finer angular resolution allows a component SED to
contribute more of the emission in an aperture. We focus on
the recovery of Lg, and Lagn under the assumption that the
host is much larger than the starburst or AGN. We adopt a
simple model in which each galaxy has a host of diameter
10 kpc, a starburst of diameter 1 kpc, and an AGN of diameter
0.1kpc. We assume the light from each component is
uniformly distributed over these regions. For ease of
comparison with the other results in Section 6, we keep each
galaxy at its redshift in Table 1, though moving them all to a
common redshift of z = 0.1 has an insignificant effect on the
results that follow. Then, for Lg,, we consider an angular
resolution of 1”7, centered on a starburst+host region (finer
angular resolutions start to resolve the starburst). For Lagn, we
consider angular resolutions of 1”7 and 0’1, centered on a
starburst+AGN+host region.

The results are shown in Figure 7 and Table Al. For Lgy, the
1" resolution reduces systematic bias for all instruments. The
effect is most marked for the spectrometers, especially for Ms,
for which the systematic bias becomes insignificant. The high-
PAH EW simulations predict generally larger systematic
biases, and the low-PAH EW simulations predict smaller
systematic biases. For Lagn, the recovery with Ns is only
marginally improved by observing at 1.0 or 0.1 resolution. In
contrast, with Ms and NMp the recovery is noticeably
improved at 1” resolution, and improved further at 0’1
resolution. With Fs, there is slight improvement at 1”
resolution and significant improvement at 0’1 resolution. With
Fp, the improvement is marginal. We again see a tendency for
the high-PAH EW simulations to show more biased recovery,
and the low-PAH EW simulations to show less biased
recovery, though the effect is small at 0.1 resolution. An
important corollary is that, since we are not including source
confusion, these results are lower bounds on the improvement
that finer angular resolution provides.

6.2. High-redshift Universe

We here examine luminosity recovery using single-instru-
ment observations over 0 < z < 5. For these simulations, we
assume 60 detections at the observed-frame fiducial wave-
lengths. This is a compromise to the dimming effects of
redshift without entering a regime where the reduced S/N
dominates the results. We do not consider the Ns instrument as
we found it provides no meaningful constraints on luminosities
at z > 0.1

The results are shown in Figures 8 and 9, and in Table Al.
For Lt., Ms and NMp give luminosities that are biased low by
about 50% at all redshifts. The high- (low-) PAH EW
simulations predict more (less) bias, respectively. In contrast,
Fs gives measures of L, that are virtually unbiased across all
redshifts, and shows no significant difference between the
high- and low-PAH EW subsamples. The Fp instrument gives
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Figure 7. The effect on the recovery of (left column) starburst and (right column) AGN luminosity of observing at 1” angular resolution for Lg, and 17 and 0’1
resolution for Lygn (Section 6.1.4). The three rows show results for simulations using all objects, and the high-PAH EW and low-PAH EW subsamples. The results
for Ns and Fp are not plotted as the finer angular resolution does not change their results significantly.

Lt estimates that are biased high at lower redshifts, but this
bias reduces to nearly zero by z ~ 5. For Lg;,, we obtain similar
results as for Lto: Ms and NMp give luminosities that are
biased low by about 50% at most redshifts, Fs gives almost
unbiased results, and Fp is biased high at most redshifts. For
Lagn, Ms and NMp observations at low redshift have small
systematic bias, but the bias becomes more negative as redshift
increases. In contrast, the Lagn recovery with Fs is system-
atically biased low at low redshifts, but this bias diminishes as
redshift increases. In all three cases, the low-PAH EW
simulations again show less systematic bias than the high-
PAH EW simulations. Observations with Fp give Lygn values
that are systematically biased low at all redshifts, and with
large random errors.

We next examine how finer angular resolution affects the
recovery of Lgy, and Lagy as a function of redshift. The results
are shown in Figures 10 and 11, and in Table Al. Finer angular
resolution improves the recovery of Lg, and Lagn for all
instruments at all redshifts. For Lg,, arcsecond resolution
significantly reduces, though does not eliminate, the systematic
bias seen for Ms and Fp. There is only a small impact on the
recovery with Fs or NMp. For Lagn, there is noticeable
improvement in recovery at 1” resolution for Ms, NMp, and
Fs, and substantial improvement at 01 resolution. We do not
obtain useful constraints on Lagy with Fp at any angular
resolution. As with Section 6.1.4, these results are lower
bounds on the improvement from observing at finer angular
resolution, due to our neglecting source confusion.

6.3. Observations with Multiple Instruments
6.3.1. Nearby Universe

We here examine luminosity recovery using combinations
of the instruments in Table 2. We start at z ~ 0.1, assume
detections at 100 significance at the relevant fiducial
wavelength, and include observations with Opt in all cases.
To keep the simulations computationally reasonable, we do not
consider the effects of observing at finer angular resolution.

The results are presented in Figure 12 and Table A2. The
best recovery of luminosities is achieved with instruments that
have a long wavelength baseline, and/or dense wavelength
sampling. For Lt,, the best recovery is achieved with
instrument combinations that include Fs or Fp, especially Fs.
Using Fs or Fp gives much better recovery than using Sp with
the same shorter-wavelength instruments. Combinations with
only photometric far-infrared observations overestimate Ly,
while combinations with no far-infrared constraints under-
estimate Lt... We find similar results for the recovery of Lgy,.
For Lagn, the best results are obtained for combinations that
include Ns and Ms, or NMp, plus one of Fs or Fp.
Combinations without a far-infrared constraint tend to bias
high, whereas combinations with poor mid-infrared constraints
tend to bias low. For Ly, the best recovery is obtained with the
inclusion of Ns and/or Fs, though in all cases the recovered
host luminosities are biased low. While there are some minor
variations, we obtain similar results when considering the
high- or low-PAH EW simulations (Figure 13).
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line and shaded region show the results from simulations using all objects and the 1o error region, The dashed and dotted lines show the results for the high- and low-

PAH EW subsamples.

6.3.2. High-redshift Universe

Next, we examine the recovery of total and component
luminosities using combinations of instruments over
0 < z < 5. We consider two groups, one in which Ms is
paired with longer-wavelength instruments (Figure 14), and
one where NMp is paired with longer-wavelength instruments
(Figure 15). We assume all observations have an S/N of 6 at
their fiducial wavelengths. First considering the Ms group, the
positive effects of wavelength sampling and coverage are
evident. The addition of any of Fs, Fp, or Sp enhances
the recovery of luminosities compared to Ms alone. However,
the greatest enhancement is given by Fs, even though its
wavelength baseline is shorter than Fp or Sp. Ms+Fs gives
almost unbiased recovery of Lt Lsy, and Lagn Oover most
redshifts. Also notable is that Ms+Fp outperforms Ms+Sp.
Turning to the NMp group, we obtain similar results, though
with larger random errors.

Finally, we examine the efficacy of Ns in combinations of
instruments observing over 0 < z < 5 (Figure 16). At most

10

redshifts, the inclusion of Ns observations does not signifi-
cantly enhance the recovery of total or component
luminosities.

7. Discussion and Conclusions

We have studied the recovery of rest-frame 1-1000 ym
total, starburst, AGN, and host luminosities of infrared-
luminous galaxies via SED fitting of photometric and low-
resolution spectroscopic data. We have considered six fiducial
near- to far-infrared instruments with real-world analogs, but
have kept the simulations agnostic to specific facilities or
survey designs.

7.1. Luminosity Recovery

The recovery of total and component luminosities of
infrared-luminous galaxies depends on several interlinked
factors. For Ly, bias is minimized with observations over the
broadest possible wavelength range. Spectroscopic, rather than
photometric, coverage helps to minimize random error. For
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Figure 9. As Figure 8 but for the (left column) NMp and (right column) Fp instruments.

determining starburst, AGN, and host luminosities, the
primary requirement is dense wavelength sampling where
the component SED peaks: in the far-infrared for starburst,
mid-infrared for AGN, and near-infrared for host. These
wavelengths also correspond to where each component shows
the greatest range in SED shapes. Thus, observations with
different instruments will give different levels of accuracy and
precision in recovered luminosities. Observations at far-
infrared wavelengths will recover starburst luminosities that
are either unbiased or biased high, but recover AGN
luminosities that are biased low. Observations that favor
mid-infrared wavelengths will give the opposite: unbiased or
slightly high-biased AGN luminosities, and starburst lumin-
osities that are biased low. However, while we find that
starburst and AGN luminosities can be recovered with minimal
bias using appropriate observations, the recovered host-galaxy
luminosities are almost always biased low, by a factor of about
2 on average. A conceptually similar result has been found in
previous studies (P. D. Mitchell et al. 2013; R. Sorba &
M. Sawicki 2015; J. I. H. Li et al. 2021). We ascribe this to the
challenge of measuring a faint host SED against the much
brighter starburst/AGN SEDs.

11

The specific instruments that give the best luminosity
recoveries depend on several factors. For a randomly selected
source at z < 0.1, the best recovery of starburst luminosity is
given by observations that include those at far-infrared
wavelengths, especially those with dense wavelength sam-
pling. For AGN luminosity, the best recovery is achieved with
mid-infrared observations, with dense wavelength sampling
again having a positive effect. Host-galaxy luminosities are
best recovered with observations that include the near-infrared,
though with the persistent low bias noted above. If the source
is selected to be starburst (AGN) dominated, then the
observations needed to achieve the least biased recovery of
luminosities do not change, but the level of bias in the
recovery does. Starburst (AGN)-dominated systems (as
distinguished on the basis of 6.2um PAH EW; see
Section 6.1.3) tend to show more (less) systematic bias for
all of starburst, AGN, and host luminosity. The typical change
in systematic bias relative to a randomly selected object is
about 20% in both cases.

The S/N of the observations plays a significant role. With
S/N < 6, the precision starts to degrade, with accuracy starting
to degrade at S/N < 4. With S/Ns of 6-10, the accuracy and
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precision both improve, and with S/Ns of 10-20 there is little
change in either.

Angular resolution also plays an important role. Compared
to the unresolved case, observing at (sub)arcsecond resolution
reduces both systematic bias and random error for all mid-
through far-infrared observations. Starburst luminosities can
be recovered with almost no systematic bias with mid-infrared
observations, while AGN luminosity recovery becomes
feasible with far-infrared observations, albeit only those with
dense wavelength sampling. Since we neglect source confu-
sion, the true benefit of observing at finer angular resolution is
likely greater than we present here.

When considering the recovery of total and component
luminosities as a function of redshift, we obtain broadly
similar results, with mid-infrared observations most useful for
AGN luminosity and far-infrared observations most useful for
starburst luminosity. However, these trends evolve with
redshift. AGN luminosity recovery using observed-frame
mid-infrared observations becomes progressively more biased
low as redshift increases. Starburst luminosity recovery with
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luminosity as a function of redshift, using the Ms, NMp, and Fs instruments
(Section 6.2). Each panel compares the spatially unresolved results using all
objects for AGN luminosity from Figure 8 with those obtained from observing
at 170 and 01 resolution using all objects (the results for the high- and low-
PAH EW subsamples are omitted as they lie close to their respective results
using all objects).

far-infrared observations, however, shows much less increase
in systematic bias, at least up to z ~ 5. Furthermore, as redshift
increases, far-infrared observations become progressively
better at measuring AGN luminosity. At most redshifts, we
again see that starburst-dominated systems show more biased
luminosity recovery than do AGN-dominated systems.

A potentially significant simplification in our analysis was
the exclusion of mid- to far-infrared fine-structure lines that
are commonly observed in luminous infrared galaxy spectra
(primarily those from neon, sulfur, oxygen, nitrogen, and
carbon) from the input SEDs to the simulations. Since these
lines are not present in the SEDs we fit to the simulated data,
their inclusion in the input SEDs would have some impact on
our results. We defer an analysis of this scenario to a future
work, and here only briefly speculate on the magnitude of this
impact. For the spectrographs (Ns, Ms, and Fs) the impact is
likely insignificant as the regions of continuum that contain
these lines can be identified and removed. However, for the
NMp and Fp instruments this is not possible, so the impact will
be larger. There will be some systematic bias high (since the
fits would ascribe the line and continuum flux to continuum)
with additional random error caused by variation in line
strengths for a given starburst or AGN luminosity. We
speculate, though, based on typical line luminosity-to-total
infrared luminosity ratios of our sample (D. Farrah et al.
2007, 2013), that the magnitude of both effects is of order 10%
or less.



THE ASTROPHYSICAL JOURNAL, 997:150 (20pp), 2026 February 1 Farrah et al.

5
S|
Ms.Fj
Ms,F
F.

0.0 03 1.0 15 2.0
Ot as
M
F
P
M
N
Fp M
0.0 0.5 1.0 15 2.0 ; 05 1.0 15

CAGN OH

All objects
No s instr
One s instr., no Fs
One s instr., w/Fs
Two s instr., no Fs

Fp Two s instr., w/Fs
NMp,Sp .
0.0 0.5

Ns,Sp
Ns,Fp
Ns

Fs
Ns,Fs
NMp,Fs
NMp.Sp
NMp.Fp
Ns,Ms,Fs
Ms,Fs
Ms
Ms,Fp
Ms,Sp
Ns,Ms,Fp
NM;

P
Ns,Ms,Sp
Ns,Ms
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panel, the results are ordered by their o value. The error bars are the 1o uncertainties.
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13



THE ASTROPHYSICAL JOURNAL, 997:150 (20pp), 2026 February 1

Farrah et al.

— Ms
20f = MsFs

— MsFp

— MsS
1.5+ 5P

E =
3

Redshift

Redshift

Figure 14. The recovery of total, starburst, AGN, and host luminosity as a function of redshift, using combinations of instruments where one of those instruments is

Ms (Section 6.3). The recovery using Ms alone is included for comparison.
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Figure 15. The recovery of total, starburst, AGN, and host luminosity as a function of redshift, using combinations of instruments where one of those instruments is
NMp (Section 6.3). The recovery using NMp alone is included for comparison.

7.2. Implications for Future Work

Several implications follow from these results. First, studies
that aim to calibrate quantities such as an infrared color, or the
flux of a mid- or far-infrared line, as a measure of luminosity
will be systematically biased unless the luminosities used to
perform the calibration adhere to the requirements described
above. This is especially relevant for estimating the infrared
luminosities of the z 2 4 systems found by JWST, for which
using calibrated relations is currently the only realistic route. It
is likely also important that the population used to calibrate a
line relation is similar in nature to the object under study.
Second is the outlook for future near- through far-infrared
observatories. Our results show the importance of dense
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wavelength sampling, as well as wavelength coverage, at any
wavelength. They also showcase the potentially transformative
power of a far-infrared instrument with either multiple
photometric bands, or, to an even greater degree, one that
observes continuously from 20-30 ym to 200-300 ym. Such
an instrument reduces systematic bias and random error on the
recovery of total and starburst luminosity over mid-infrared
spectroscopy by at least a factor of 4, and substantially
enhances the recovery of AGN and host luminosity in
conjunction with other instruments. FEither a multiband
far-infrared photometer or spectrometer covering a
broad wavelength range is substantially better at recovering
unbiased starburst and AGN luminosities than ground-based
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Figure 16. The effect of including Ns observations on the recovery of
component luminosities as a function of redshift, if Ms observations are
already present (Section 6.3).
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submillimeter observations, at all redshifts. Examples of such
far-infrared facilities include the SPIRIT interferometer, and
the FIRESS and PRIMAger instruments on board PRIMA.
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Appendix
True to Observed Ratios

We here present tables of the true-to-observed luminosity
ratios derived and their 1o uncertainties, for single-instrument
(Table A1) and multi-instrument observations (Table A2).



THE ASTROPHYSICAL JOURNAL, 997:150 (20pp), 2026 February 1

Table Al
The Observed-to-true Ratios, a (Equation (1)), for Total, Starburst, AGN, and Host Luminosity Using Observations with Single Instruments

Farrah et al.

Unresolved 0'1
Instrument We 2 Qo Qsp QAGN ayg Qsp QAGN QAGN
z~0
Ns All 0.30%9$8 0.22+0:%¢ 0.324939 0.68+034 0.747984 0.067 544 0.417988
>0.14 0.2159% 0.147 ?;‘ 0.224371 0.82797% 0.617938 0.01793% 0.24195¢
<0.14 0.427119 0.35733 0.42087 0.6379%9 1.21793] 0.387393 0.751978
Ms All 0.55794¢ 0.2915%2 1.18755! 0.421533 0957539 1.2610% 10479 ig
>0.14 0.407013 02492 1.297939 0.37:947 0.75+028 131192 1.04+04
<0.14 0.8292 0.4979%2 1155933 0.47594 1087929 1155948 1045033
NMp All 0.45793% 0.2019%9 123759 0.49*938 0.44+05¢ 1197083 1075038
>0.14 0.28+539 0.10+0% 1.32+4% 0.45+9% 0.32+93 1284049 1097033
<0.14 0.739%2 0.42143! 116308 0.52708 0.8379% 1154534 1067033
Fs All 1074343 1.24+03% 0.537047 0.511033 1057598 0.72:583 123703}
>0.14 1057597 1217988 0.207938 0.45195¢ 1044093 0.3579%3 135509
<0.14 1117532 1307949 1034092 0.58+04 1.0779% 1.087933 1.1759%
Fp All 1.50t8}28 1.527043 2.08t§";g§ 0.5 1t3;§§’ 1.40t8}§§ 1.1 1j5f3§ 0.97t8';Z;‘
>0.14 1.59793 1.607933 2.52+400 0.46793% 1.48%0% 145734 0.9697)
<0.14 1367974 1454038 1.69+430 0.567933 1.247934 0.85*534 0.97+989
z=0.5
Ms All 0.48+932 0.241078 117508 0.35+03¢ 0.79+932 1.197938 1.147933
>0.14 0.37t8_};‘ 0.25+9%0 1164541 0.32+941 0.58+934 1237932 1175038
<0.14 0.75+03} 0.24739%8 1.187940 0.38+943 0.977933 11993 112102
NMp All 0.30t8}?5‘ 0.05+337 1.08t8}§8 0‘703‘{252 0.3279¢8 1 .05t8}22 0.9693%
>0.14 0.1979%0 0.022383 110798 0.5873%¢ 0.207049 0.97797 0.97+046
<0.14 0.63f8;§; 0.287)¢ 1.08i8,%‘? 0.78t8}§§ 0.62t8}15 L115574 0.9410:31
Fs All 10230493 120028 0.58793] 0.46973 0.93%044 0.57508 102503
>0.14 1027997 1.18t83g 0.38t8§2 0.317972 0.62f8:3‘9 0.1 stgiﬁ 0.94t81§3
<0.14 1.o2t8_{§ 1.22t8§§ 0. 85*8:28 0.56t8_§’1 1.01t8;'2§ 0. 86*83;2 1.05t8_§§
Fp All 1.335938 1.461937 1.36+270 0467974 1.2710% 1.841309 0.947010
>0.14 143403 1517932 1.84733¢ 0.36:931 136593 2.3oti£§ 0.747)2
<0.14 1154932 140504 0.9743% 0.56°3% 1.175932 1307393 114449
z=1
Ms All 0.551939 0.197 9% 1315988 0.18932 0.737578 1241548 116545
>0.14 0.26+018 0.03+024 1.331063 0.157917 0461048 117543 115739
<0.14 0.92+033 0.30743% 1294088 0.19753% 1025572 141513 119449
NMp All 0.27494 0.07+93% 0.88+9:3% 0.721972 0.30793; 0.751372 0.81794
>0.14 0. 16*8& 0.039; (‘)g‘ 0.733‘}32 0.71%: EEZ 0.22t8:}~2 0.78f8:§5‘ 0.79*3: 23
<0.14 0.50193} 0.17+081 0.93794 0.724031 0.50+037 0.727089 0.8594
Fs All 1017997 1.125938 0.7410% 0.28+948 0.947044 0.6610:53 0.867028
>0.14 101739} 1127948 0.28+9%7 0.18%93 0.7870% 0.21+971 0.824041
<0.14 1015997 1124033 0.84198 0.60753 1.0010:43 0.94*937 0.99*947
Fp All 121038 1,364 0.96%43! 04219 ;‘% 1.14%0 }g 114707 098412
>0.14 125492 1417949 0.90732 0317948 1.19791% 113478 0.8070%
<0.14 116704 1.30932 1.037434 0.61*0: E% 1.101212 1157488 1127048
z=2
Ms All 0.6179% 0.347{3} 0.88*932 0.27+932 0.7379% 120404 1143044
>0.14 0354030 0.34703 0.55'9% 0.42+9%1 0415013 118793 114704
<0.14 0.85t8,7& 0.41th? 1.06f83‘3 0.20:547 1015948 120503 114502
NMp All 0.6379% 0.60+}81 0.74+5%7 0.74199 0.03792% 101592 0.97+93%
>0.14 0.40%93¢ 0.39t8:-‘3‘§ 0.83t8}22 0.65+9%2 0.0179% 1.01t8f§2§ 1.03t8_-§g
<0.14 0.91%} 13 1144388 0.63798¢ 0.82+: 13 0.115) i‘? 102509 0.9293¢
Fs All 1.03799% 112508 1055047 0.27+592 0.897018 0.44+554 0.957932
>0.14 0.99+549 1054521 10729 0.25t8§{ o.sstg_ii 0.22+93} 0.84+93¢
<0.14 105908 119704 1001032 0.29*439 0.93947 0.90*98 1064033
Fp All L1802 1.401938 0.81759 0.351979 1.27+939 172433 1.0144:4S
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Table Al
(Continued)
Unresolved 1’0 0'1
Instrument We 2 QTot Qsp QAGN ay Qsp QAGN QAGN
>0.14 1174014 1.38102 0.591972 0.3770%} 1.38+932 2.00+449 0.72+10
<0.14 1.18%012 1.437937 1154583 0.35591 117503 1524242 1.305)8
z=3
Ms All 0.5879%3 0.64403 0.3679%2 0.857971 0.72:079 120408 1147088
>0.14 0.33592 0.237974 0.45759! 0.85794% 032498 1374976 1415092
<0.14 1.06+142 1.58+178 0.23+4% 0.7819%3 116033 1.1619:28 1.03+93¢
NMp All 0.76+43 0.70+261 0.42+)26 0.60* 5% 0.07+421 0.83t8_2§ 0.91+022
>0.14 0.507933 0.45+)92 0.325)3% 0.5479%3 0.09%048 0.7679%8 0.867933
<0.14 1115488 1.457383 0.60+4%) 0.67+49 0.04+5% 0.91193% 0.967533
Fs All 1 oo“gﬂ 1.o7t8:§3 0.99t83§ 0.17t8‘-i{ 0.88t8§f 0.76088 0. 92+3'~§%
>0.14 0.9479%8 1.04t8}}§ 0.923‘{;%1 0.17t8}%§ o.sotgz%{ 0.62f8}§8 0.88+92)
<0.14 1.07+9% 1.13103¢ 1.061932 0.13%18 0.937944 0.801993 0.9970 lé
Fp All 112795 1327932 0.774922 0.23+0% 1.21%93) 111729 1174549
>0.14 1.087913 129102 0.6110€2 0.195933 1.201918 1.3112% 0.98"} g@
<0.14 1163018 1375048 107559 0.27155¢ 122303 0.978 124519
z=4
Ms All 063199 053448 017409 070442 0.77+9% 128449 1.0745%
>0.14 0.217078 0.1979%2 0.08+9:38 0.70%93% 0.46793) 1627977 10319582
<0.14 0.85433 122533 049719 0.86°0% 1.09+0:43 1134547 115503
NMp All 0.71+238 0.57+443 0.25+130 0.39+)28 0.05+02! 0.81+48 0.9504¢
>0.14 0.457)4¢ 0.45+47¢ 0.26108% 0.2915%9 0.0319: 0.647053 0.867043
<0.14 1147338 091258 0.23%)3% 0.597338 0.117938 097379 104504
Fs All 0.98+019 1.0059% 1.117939 0.23t8}?3 0.747937 0.70%9 25 0.98+0%¢
>0.14 0.913949 0.95+018 1,050 0.2794} 0.62+9% 0324091 1.01+93
<0.14 1032953 107034 1164032 0.219% 0.92+548 0.93%9; ;; 0.94+53¢
Fp All 1051013 1244041 0.80+070 0214078 1.15492) LO7H % 1.06742)
>0.14 1017919 1174032 0.557978 0.191939 1204032 0.86+279 0.92+149
<0.14 1097013 1327933 1.05t8_§§ 0.253‘,}3 111738 1267148 1134038
z=5
Ms All 0437122 0.08747%9 0.10%)28 0.941088 0. 78*8'22 1.55109 1.207964
>0.14 0.13532 0.027972 0.10799% 1.004328 0.59°9% 1.56798 1165057
<0.14 1.007)%3 0.63+3.% 0.1637% 0.8510% 0.89°93 1.54%133 1264591
NMp All 04172 0.0330! 0.19*13 0.51°12 0.07+033 0.78+93¢ 0.817038
~0.14 040718 0.02+21 0.19+276 0431122 0.03°43 0.83¢] 0.75%432
<0.14 0.4333)732 0.097435 0.20%); ?g 0. 55*8132 0.1 1+8:;‘3 0.76t83g‘? 0. 93*8:;2
Fs All 0.96t8';}‘3‘ 1.00t8_§3) 1.o9t?._-§§ 0.19199 0.79°9% O.76f82§§ 0.99+923
>0.14 0.897319 0.935347 1.05+938 0. 14t8_38 073+ i‘s‘ 0.53+02 1.02%¢ %5
<0.14 1.057512 1.09708 1.13793¢ 0.39547 091912 0.9415:3¢ 098523
Fp All 1.06591% 124598 0.717522 0.2179%} 1‘15j8_%§ 1321338 1.15%9: §?
>0.14 1.032943 1175928 0.67-93 0.171037 1167918 126728 110539
<0.14 108413 137597 0.837058 0.4470%9 1.1479% 1334227 1181972

Note. Results are presented for z ~ 0,z =0.5,z=1,z=2,z=3,z=4, and z = 5. For each redshift, results are presented for simulations using the entire input
sample, and for high- and low-PAH 6.2 um EW subsamples. For each of these samples, results are presented assuming the observations are spatially unresolved, and
at angular resolutions of 1” for starburst and AGN, and 0.1 for AGN.
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_to- . )
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— 6.2 QTot asp AAGN o Instruments W » Uty s . -
NM
P Sp Al 10504 115799 076708 074708
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s Fs Al 103798 119402 055103 0 7903 Ms F <014 L00TE  106%0H  0ssTE o 164058
Soid 0B 1Tl o2 073 P Al 09470 07803 LadtlS 017
<014 1067% 12303 osibd  0s10n So14 0sydR  0madE sl 02403
s S All L. 42+8-g‘1‘ 1'65J—r(|)'g; 0.21;852 0. 79+(())122 <0.14 1‘12f8:§2 1.15f8:§;‘ 1.20+(1)-.;% 0. 1 118:61)3
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) e 1029 3550 ) 0 y
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Ms Sp All +020 s P06 422059 Ms Fp All +016 038 705 0.62705
100055 0.99*037 102793 0431069 LOIZgs 1.06%033 0.83739 1.47+230
>0.14 063785 0.5740%3 1 02*0"33 0. 481832 >0.14 097751 0.997542 0. 65+1:59 1.321;;?;
—0. U220, ]2 —0.25 32+2
<0.14 103818 12308 1 02*8'22 0.38 e <014 106701 117703 0930 Iy 2‘6‘ | 82*1'52
—0. V2064 z o ANy
NMp Fs Al oot InmE  oasnB  oesh® AL 09703 LI0SE  04ad%  Le2id
014 0978 L08R 03608 068D 014 094 10288 023708 175728
- —0.3 .038_).. . - =0
ol LorgR LSBT ol oeot ol o8 LndE oslE 160l
NMp Fp All +0.15 1067043 NMp Fs All 1016 - 2074 601183
1.09%¢3 1.237936 0827034 0.59+062 1.027%509 1.107933 0.71+07¢ 0.6011:27
>0.14  L13%518 1274032 0.81793% 0. 60+?) 7 >0.14 0985010 1.03301) 0 66+8'.74 0.5118:3?
<0.14 1.0670:10 +0. 36 iy <0.14 1117018 1087 028 1045
016 1.20%678 0.837033 0-57f8§2 NMp Fp Al o ol 1.19;8;g 0.78+071 0811150
072017 1.21%5; 0.46+938 L1
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Table A2
(Continued)
Instruments We 2 Qo Qsp AGN g
>0.14 105701 L1970 022709 0.95553
<014 L0803 1247035 0.9470F 12874
NMp Sp All LIEG3E 130405 0‘29:1)_%1 1145533
>0.14 L1503 128703 02180f  1.05%5
<0.14  1.087033 1327942 0.6310¢ 1234093
z=4
Ms Fs All 100798 097793 109104 085703
>0.14 091701 0.8579% L1350 0.8879%
<0.14  1.07731¢ 112794 1.05%0%9 081733
Ms Fp All 1L00X03  1.075030 051598 2.107F%8
>0.14 098+ 099758 0335085 216713
<0.14 L0173 L12#33¢ 073103 2.o7t%,§2
Ms Sp All 098537 1.117%3] 0.29+}82 1367212
>0.14  094%33 1017038 034728 131403
<014  1.03%03¢ 124708 02645 1 63*% 2;
NMp Fs All 098+ 1.0479% 091793 0.69752%
>0.14 0921048 095792 092703 0487 25
<014 LO4TYS  L127930 090703 0.89703]
NMp Fp All 105017 1197957 0.5575% 1.08t3_9§
>0.14  1.0071 111738 0.46t8_2§ 0.76:438
<0.14  1.097%317  125%04% 079798 1591393
NMp Sp All 112408 1.24t8§g 0471355 1.457198
>0.14 L1391 121303 0438378 1197292
<0.14  L1179% 129903 o.sst?,jz 1.64+}5¢
z=95
Ms Fs All 0974342 09893 101709 1.289273
>0.14  0.87+04 080793 086134 127807
<0.14 1071318 112433 1.097933 128539
Ms Fp All 1.0579%  1.04%047 07372 239723
>0.14  1.04%93  1.0470% 048701 208733
<0.14  1.06731 1.06t3§g 09159 273722
Ms Sp All 096533  1.07549 0.14%43 2.027}8!
>0.14 097701 1.06793 0.0743: 32 1.66t?,¥§
<0.14 093703 1077937 0347333 217735
NMp Fs All 096718 1.007932 Lo1*34] 054508
>0.14 091701 095753 0937930 0.3270%8
<0.14  1.0270H  1.0470% 1027593 0.8772% 5
NMp Fp All 1087929 1.28%0%0  0.6075% 0737 gg
>0.14  0.9910% 1107337 043798 04973
<014 LIS 147705 063'08 09472 gg
NMp Sp All LIFYSS 1307942 0367487 092909
>0.14 1215018 12750 0.54t5&2"’ 0.52%338
<0.14  1.00*93% 1307050 02109 134732

Note. Results are presented forz ~0,z=0.5,z=1,z=2,z=3,z=4, and
z = 5. For each redshift, results are presented for simulations using the entire
input sample, and for high- and low-PAH 6.2 um EW subsamples
(Section 6.3).
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