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ABSTRACT. We present the science drivers for the far-infrared enhanced survey spectrometer
(FIRESS), one of two science instruments on the PRobe Infrared Mission for
Astrophysics. FIRESS is designed to meet science objectives in the areas of the
origins of planetary atmospheres, the co-evolution of galaxies and supermassive
black holes, and the buildup of heavy elements in the universe. In addition to these
drivers, FIRESS is envisioned as a versatile far-infrared spectrometer, capable
of addressing science questions in most areas of astrophysics and planetary
astronomy as part of a dominant General Observer (GO) program with 2/3 of the
current science cases using FIRESS. We summarize how the instrument design
choices and parameters enable the main science drivers as well as a broad and
vibrant GO program.
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1 Introduction
The PRobe Infrared Mission for Astrophysics (PRIMA) takes advantage of the maturation of
key technologies to understand the origins of galaxies, stars, and planets by providing sensitive
access to the far-infrared waveband (24 to 235 μm), resulting in improvements in survey speed
of 3 to 5 orders of magnitude compared with the previous state of the art (Sec. 3.4).1 It is at these
wavelengths that we may measure key tracers of dust, ice, and molecular gas, and where the
universe emits half its light across the past 10 billion years of its history (the Cosmic Infrared
Background, CIB).2,3 PRIMA is a 1.8 m actively cooled telescope feeding two science instru-
ments. The PRIMA Imager (PRIMAger) offers hyperspectral imaging at 24 to 80 μm and polari-
metric broad-band imaging in four bands spanning 80 to 262 μm.4,5

The second PRIMA science instrument, the far-infrared enhanced survey spectrometer
(FIRESS), offers a versatile set of spectroscopic observing modes, including spectral mapping,
and deep point-source spectroscopy. The PRIMA focal planes employ low-noise state-of-the-art
microwave kinetic inductance detectors enabling broad wavelength coverage and fast survey
speeds. This combination offers sensitive access to the far-infrared wavelength range, limited by
the astrophysical background rather than by telescope self-emission or detector noise. FIRESS is
equipped with a total of 672 spectral channels, half of which (336) can observe a point source
simultaneously, enabling a full-band, low-resolution (R ∼ 100) grating spectrum to be obtained
in just two settings. The addition of a pre-dispersed Fourier transform module (FTM) produces a
high-resolution (R ∼ 4400 × 112 μm∕λ) spectrum that provides simultaneous access to the same
spectral band as the low-resolution mode.

FIRESS succeeds previous space-borne spectrometers on the Infrared Space Observa-
tory (ISO),6 the Herschel Space Observatory,7 the Stratospheric Observatory for Infrared
Astronomy (SOFIA),8 and the long-wavelength edges of the Spitzer Space Telescope9 and
the James Webb Space Telescope (JWST).10 Although these historical missions made trans-
formational advances relative to previous capabilities, they were sensitivity limited by tele-
scope background emission and/or detector noise. PRIMA’s cold optics, low-noise kinetic
inductance detectors, and large-format arrays enable observations at the astrophysical back-
ground limit allowing us to address a wide range of astrophysical questions beyond the reach
of any previous far-infrared facility. It is this leap in spatial and spectral multiplexing, and
therefore spectral mapping speed of FIRESS, that provides access to science objectives not
previously possible. For instance, the Long-Wavelength Spectrometer (LWS)11,12 on ISO,
launched in 1998, was limited by available technology at the time to only 10 doped germanium
photoconductors to provide access to a 47 to 196 μm spectral grasp. This led to spectral
observing modes that required time-consuming scans in the spectral direction, thus limiting
sensitive observations to individual lines. Later, the Photoconductor Array Camera and
Spectrometer (PACS)13 onboard Herschel was equipped with photoconductor arrays, offering
more individual pixels enabling the deployment of a 5 × 5 spaxel integral field unit but was
ultimately still limited to narrow spectral range scans for the observation of faint lines offering
16 spectral pixels, with its sensitivity limited by both detector noise (NEP ∼ 0.9 − 2.1 ×
10−18 WHz−1∕2) and the warm telescope (∼70 K). This mode was used for the deep spectros-
copy that for the first time detected hydrogen deuteride (HD) in three protoplanetary disks to
measure their masses and mapped large areas within nearby galaxies in key gas cooling lines of
[CII], [OI], and [NII] to reveal the heating/cooling balance of the ISM, but at great cost in
observing time, and only yielding a single line in a narrow bandpass. Because FIRESS is
designed to offer fast, broad-band observing speeds at the astrophysical limit, there would
be less advantage in very high spectral resolving powers. FIRESS is therefore highly com-
plementary to instruments offering single-line R ≫ 10;000 spectroscopy, such as SOFIA-
GREAT,14 or the upcoming Planetary Origins and Evolution Multispectral Monochromator
balloon mission.

This paper describes the key science drivers for FIRESS, how they flow to instrument
requirements, and how FIRESS enables a wide range of General Observer (GO) science. It
follows the FIRESS technical description.
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2 Key Science Drivers for FIRESS
PRIMA-FIRESS is a versatile, multimode instrument capable of addressing a wide range of
questions across much of astrophysics. Although the instrumental design of FIRESS is driven
by a limited set of science objectives, the derived technical capabilities are designed to enable and
support many science cases. The FIRESS design is defined based on three basic science
objectives.

• Determine the volatile element budgets for oxygen and carbon in the primary gas reservoirs
for the formation of planets, measured using broad-band, high-resolution spectroscopy of
a large number of water lines in protoplanetary disks, as well as the ground state line
(J ¼ 1 − 0) of HD at 112 μm to measure the total disk masses (Sec. 2.1).

• Determine the relation between the growth rates of stars and supermassive black holes
(SMBHs) by combining large hyperspectral imaging surveys obtained with PRIMAger
with a FIRESS-measured relation between classical line tracers and the far-infrared spectral
energy distribution. Furthermore, determine the role of galactic winds in the evolution of
SMBHs and their host galaxies by measuring the wind mass-loss rates using high-
resolution spectroscopy of far-infrared hydroxyl (OH) lines (Sec. 2.2).

• Understand the formation and buildup of heavy elements and interstellar dust in the uni-
verse by measuring the relation between the [OIII] and [NIII] fine structure lines and
Polycyclic aromatic hydrocarbon (PAH) emission in galaxies at cosmic noon and beyond
(Sec. 2.3).

As 75% of PRIMA’s 5-year lifetime is dedicated to GO programs, FIRESS is capable of
addressing a wide range of science questions across most areas of astrophysics and planetary
astronomy. The PRIMAGeneral Observer (GO) book15 collected 76 science cases, of which two-
thirds requested FIRESS either alone or in combination with PRIMAger,5 the other PRIMA
science instrument. FIRESS accesses the full bandpass in all its observing modes (mapping
modes, low- and high resolving power) and is therefore well suited to address new science
questions, requiring far-infrared spectroscopy, which may emerge in the 2030s. We discuss this
potential throughout this paper and specifically in Sec. 3.5.

2.1 Origins of Planetary Atmospheres

Although planet cores develop from the solid reservoir of a protoplanetary disk, giant planet
atmospheres develop from the gas reservoir.16 Consequently, carbon and oxygen abundances
([C/H], [O/H], C/O) in transiting exoplanet atmospheres have been hypothesized to reflect their
abundances in the disk during planet formation17,18 (Fig. 1). We currently rely on theoretical
models19 to link these abundances20,21 because accurate total disk gas masses are not available.

Fig. 1 Bulk composition of planets reflect that of their natal protoplanetary disks at the disk radii
where planets accrete their mass. For rocky planets, the bulk composition will be that of the solids
of the disk, whereas giant planet atmospheres derive their composition from the disk gas. The total
abundance of the disk ([C/H] and [O/H]) as well as the carbon-to-oxygen ratio (C/O) as measured
by PRIMA-FIRESS are key tracers of how disk chemical evolution shapes planetary atmospheres.
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Water is believed to play a pivotal role in this process as it dominates the solid mass outside
the water “snowline” (the location in the disk where water condenses into solid grains). Water ice
forms the basis of pebble-sized (mm to cm) icy grains, the radial drift (icy pebble drift) of which
concentrates solid mass in protoplanetary disks22 and catalyzes the rapid formation of planetes-
imals and planetary cores.23,24 ALMA observations indicate that this pebble drift may be ubiqui-
tous in outer disks (>30 AU),25,26 but its role in the inner disk (<30 AU), where most planets
form, is largely unconstrained and only now being studied with JWST.27,28 Icy pebbles drifting
inward through the snowline at ∼150 K may deplete the outer disk in water ice, evaporate, and
enrich the inner disk with water vapor, thereby changing the bulk disk C/O ratio as a function of
radius and evolutionary stage,29–31 as well as the relative mass distribution between inner and
outer disk volatile reservoirs.32 FIRESS directly measures the radial distribution of water vapor to
constrain the importance of icy pebble drift and its relation to planetary architecture and atmos-
pheric composition.

Another unknown is the total disk gas mass as a function of disk age, which sets the time
scale for planet formation and measures the denominator in the volatile abundances [O/H] and
[C/H]. PRIMA obtains the total H2 disk mass from the 112 μm HD ground-state line and uses
it as a key input parameter to global thermochemical disk models [e.g., dust and lines33] to deter-
mine the “H” in [C/H] and [O/H]. HD is ∼106 times more emissive than H2, the bulk gas
reservoir in disks, and has a well-established HD∕H2 ratio limited by the elemental D∕H abun-
dance,34 which is known to ∼30% precision.35 The “O” in [O/H] is from PRIMA measurements
of water, whereas the “C” in [C/H] is known from existing ALMA observations of CO. We
compare disk abundances that are oxygen-enriched inside their snowline from icy pebble drift
with those that are carbon-depleted from freeze-out outside the snowline to determine how disk
composition influences planet formation.

2.2 Co-evolution of Galaxies and Black Holes

Every massive galaxy hosts an SMBH at its center. The SMBHmass is tightly correlated with the
galaxy bulge mass and with its total stellar mass,36 suggesting that galaxies and their SMBHs
grow together with evolutionary processes shaping both the galaxies and their central black
holes. The most rapid growth of galaxies and their SMBHs happens during a period of heavy
obscuration by dust and gas, around the peak of cosmic co-moving star formation rate density at
z ∼ 2 known as “Cosmic Noon.”37 Obscuration by a combination of the active galactic nucleus
(AGN) torus, circumnuclear starbursts, and large-scale galaxy material is a major barrier to char-
acterizing the co-evolution of galaxies and their central black holes during rapid growth.38 Rest-
frame hard X-ray emission can be an effective probe of AGN (e.g., Ref. 39), although at very
high column densities (NH > 1.5 × 1024 cm−2) Compton interactions absorb even 10 keV pho-
tons,40 and the fastest growing black holes accreting at super-Eddington rates are most likely
intrinsically faint in X-rays.41,42

However, to accurately constrain the co-evolution of galaxies and their black holes, it is
necessary to measure both the star formation and black hole accretion rates in the same galaxies
for large samples. The far-infrared spectral energy distribution (SED) provides straightforward
access to both parameters, with the luminosity of the obscured AGN concentrated in a hot com-
ponent contributing at rest-frame mid-infrared (10 to 25 μm) wavelengths and the star forma-
tion–related luminosity in a cool component taking over at longer wavelengths.43,44 Thus, a
powerful approach to simultaneously obtaining an accurate census of highly obscured AGN
along with the host galaxies’ star formation activity during “Cosmic Noon” is using relatively
unobscured light received at far-infrared wavelengths and the fast survey speed of PRIMA to
gather information for very large samples (>10;000 galaxies out to z ≳ 2). FIRESS plays an
important role by accurately verifying the SED-based rates using higher resolution spectroscopy
for a subset of galaxies of rest-frame mid- to far-infrared fine-structure lines tracing both star
formation ([Ne II]) and SMBH accretion rates ([O IV]). There are only a few complete 30 to
250 μm far-infrared spectra of nearby galaxies ever obtained, and none at high redshift. FIRESS
can readily fill this gap for significant samples of galaxies across a wide range of redshifts
(see Fig. 2).

Winds containing large masses of gas, ejected from active black holes into the circumga-
lactic medium, are a key feedback mechanism linking SMBHs and galaxy growth. Models
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invoke these winds to quench star formation in massive galaxies because they provide a mecha-
nism to both remove star-forming gas and prevent new gas from accreting.45 However, model
predictions are fundamentally constrained by the lack of measured wind properties such as their
velocities and mass outflow rates.46 Observations of infrequent or weak winds would change the
paradigm. The cool (molecular and neutral atomic, T ≲ 104 K) wind component dominates the
outflowing mass, providing the most relevant outflow rates. Existing measurements of this com-
ponent are limited to small samples (<20) of local galaxies (e.g., Ref. 47). PRIMA measures cool
galactic winds in active galaxies out to z ∼ 2.0.

2.3 Buildup of Heavy Elements and Dust

As the first massive stars began exploding as supernovae after cosmic dawn, the universe has
produced a growing complement of heavy elements. Heavy elements play a fundamental role in
the formation of galaxies, stars, and planetary systems. When heavy elements are injected into
the interstellar medium by asymptotic giant branch stars (both C- and O-rich stars) and super-
novae,48 a large fraction is converted to dust—a near-universal step in their complex journey to
forming planetary systems, including our own solar nebula.49 The remarkably efficient growth
and evolution of dust from heavy elements over cosmic time remains a mystery.50 PRIMA pro-
vides data in the form of key far-IR tracers of dust and metals at two pivotal times in the universe:
cosmic noon (z ¼ 2), when most metals formed and the cycle of dust production and destruction
also peaks;51,52 and the present day (z ¼ 0). PRIMA’s access to the far-IR spectral range directly
addresses two unsolved, yet crucial, questions about the co-evolution of dust and metals. First,
how has the relationship between gas-phase heavy-element contents (metallicity) and the mass
fraction of small-grain dust traced with PAHs in galaxies changed as cosmic noon (z ¼ 2)?
PRIMA can measure the PAH-metallicity relationship at cosmic noon because PAH bands have
redshifted into the far-IR.

Spitzer observations have shown that the smallest grains of carbon dust, PAHs, contribute up
to 25% of the IR luminosity of galaxies53 and are ubiquitous from today until cosmic noon,54 and
possibly beyond.55,56 PAH feature strengths relative to the nearby dust continuum are used to
measure the small-grain abundance (qPAH), which is suppressed in low-metallicity systems
in the local universe.57–59 The main explanations include the destruction of PAHs in harsh radi-
ation environments and inhibited grain regrowth inside clouds with fewer free metals. The impor-
tance of this effect at the critical epoch when heaviest elements were formed remains unclear.

Fig. 2 FIRESS is capable of measuring the abundances of PAHs at redshifts z ¼ 2–5 and un-
obscured tracers of star formation and black hole accretion rates at z > 1.
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3 Design Philosophy
The PRIMA PI science objectives are accomplished by three basic science observing modes with
FIRESS; low-resolution mapping spectroscopy, low-resolution point-source spectroscopy, and
high-resolution point-source spectroscopy. The incoming beam is split by dichroic into four
wavelength bands, masked by long slits, and dispersed by four gratings with resolving powers
of R ∼ 85 to 150. This design allows for rapid observation of point sources of the full spectral
band from 24 to 235 μm. Spectral mapping is accomplished by scanning the slits across the sky
using flexible two-dimensional patterns using a beam-steering mirror (BSM) while continuously
reading out four detector arrays. For the low-resolution point-source mode, the source is chopped
among different slit positions using the BSM. To provide a higher resolution mode, it is possible
to insert an FTM into the dispersed beam to provide separate interferograms for every grating
spectral pixel. In this case, the source is nodded within the same slit with the BSM fixed.

3.1 Spectral Range

FIRESS is designed to provide full, near-simultaneous spectral coverage in all its modes, requir-
ing only two spectral settings to cover the full PRIMA band between 24 and 235 μm. This is
needed to access the same galactic star formation and SMBH tracers over a wide range of red-
shifts and to observe a large number of water lines in protoplanetary disks.

The short end of the wavelength coverage at 24 μm enables measurements of the 12.8 μm
[NeII] line, which traces star formation in galaxies at z ≳ 1, and ensures overlap with JWST-
MIRI (which extends to ∼28 μm). The JWST overlap is important for cross-calibration when
combining JWSTand PRIMA observations, especially for young stars, protoplanetary disks, and
other sources with the potential for significant variability. FIRESS also provides easy access to
the ground-state H2 S(0) line at 28.2 μm, which is generally inaccessible to JWST but is an
important tracer of warm bulk molecular gas and the energy balance of molecular clouds.60

The full range (24 to 235 μm) allows for detections of strong 11.3 μm PAH features at all rel-
evant redshifts beyond z ≳ 1.1 and the 84 μm OH doublet out to z ∼ 1.8.

For protoplanetary disks, the range encompasses water lines of a wide range of upper level
energies, including the ortho ground-state water line at 179.53 μm (H2O 212 → 101,
Eupper ¼ 114.4 K), the 234.8 μm 212 → 101 HDO line (Eupper ¼ 83.6 K), lines from warm
CO (J ¼ 12 − 11 at 217 μm is the lowest-lying 12CO line accessible to FIRESS), and a wide
range of atomic and ionic fine-structure lines from volatile elements (including 63 and 145 μm
[OI], 158 μm [CII], and 205 μm [NII].

Finally, the FIRESS range provides access to important solid-state features, including the
43 μm band of water ice (see Fig. 3), which has not been accessible since the mid-1990s with
ISO,63 and the 69 μm forsterite band, which is very sensitive to dust temperature and composition
but could only be effectively surveyed in protoplanetary disks around luminous intermediate-
mass stars with Herschel.64 In the context of ice, the far infrared is unique in that it traces ice
in emission and therefore has the potential to measure bulk ice mass in disks, young stars, and
molecular clouds.65

3.2 Spatial Resolution and Field of View

The potential for source confusion with a single-dish far-infrared telescope is an important
consideration. However, the layout of the FIRESS slits and field of view is well matched
to observe individual protoplanetary disks in nearby clusters of young stars. With spatial res-
olutions of 7.6 to 22.9″, depending on the spectral channel, FIRESS can obtain spectra of young
stars with projected separations characteristic of the clustering regime (≳5000 AU or ≳30 00 at
the distance of the Taurus star-forming region66,67). Figure 4 shows the FIRESS FOV compared
with one of the densest regions in the Ophiuchus star-forming regions. This is a young cluster,
and as stellar clusters disperse with age, this represents a stressing case for PRIMA, as other
clusters will have lower angular density. The low-resolution mapping mode with PRIMAwill be
able to effectively separate protoplanetary disks in young clusters out to the distance of Orion
(460 pc).
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3.3 Resolving Power

The resolving power is set to be sufficient to detect relevant lines with adequate line-to-con-
tinuum ratios over the bright dust continuum in galaxies using the low-resolution grating, and
from typical protoplanetary disks using the FTM, without sacrificing the broad wavelength cov-
erage or sensitivity. For the low-resolution mode, a resolving power of R > 80 at all wavelengths
ensures line-to-continuum ratios of the [NeII] and [OIV] lines in excess of 3%68,69 for luminous
galaxies with AGN luminosity fraction FAGN > 0.4.

Band 1 and 3

Band 2 and 4

FTM FOV

270”

F Core in Ophiuchus (distance = 120 pc)

Spitzer MIPS1 (24 micron)

Fig. 4 The spatial sampling and resolution of FIRESS is well suited to observe individual young
stars and protoplanetary disks in nearby star-forming regions and young clusters. The FIRESS
field of view is compared with a 24 μm Spitzer MIPS image of the protostellar cluster in the
Ophiuchus F core at a distance of 120 pc. This is typical of a nearby young star-forming region
likely to be targeted by PRIMA with a spatial resolution corresponding to that of PRIMA at ∼50 μm.
The image is centered near RA = 16 h 27 min 28 s, Dec = −24 d 40 min 10 s.

HD 1-0

Ground-state H2O CO 14-13

[OI]

Warm H2O

H2O ice

Herschel PACS 
(AA Tau)

Fig. 3 Simulation of a full-band FIRESS spectrum of a generic protoplanetary disk with properties
typical of those expected for a young protoplanetary disk around a relatively low-mass star
(∼0.5M⊙). The noise is set by the required FIRESS sensitivity and assumes a total integration
time of 10 h per spectral setting and a (selectable) resolving power of R ¼ 4400 at 112 μm. In
this case, the HD line has an intensity of 4 × 10−19 Wm−2 and is detected with a signal-to-noise
ratio of 10. The simulation is compared with JWST-MIRI61 and Herschel PACS62 observations of
similar disks.
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The resolving power of the high-resolution mode is designed to allow the 112 μm HD 1–0
line to have a contrast (line-to-continuum ratio) of at least 2.5% for all disks more massive than
1MJup, as predicted by available radiative transfer models of protoplanetary disks.70–72 Given the
variation in model predictions, this translates to resolving powers of at least R ∼ 3000 to ensure
sufficient line-to-continuum ratios at 112 μm for a wide range of disk masses and gas-to-dust
ratios (see Fig. 5). It is further required that models are consistent with the existing detections of
the HD line in three disks (TW Hya, DM Tau, and GM Aur) obtained by Herschel-PACS.70,73

These are observed to have line-to-continuum ratios at R ∼ 3000 of 12%, 6%, and 40%,
respectively.

As the resolving power of the FTM scales as R ∼ 4400 × ð112 μmÞ∕λ, the highest power
anticipated is achieved at the shortest wavelengths, with Rð24 μmÞ ¼ 20;500 (15 km s−1). This
is sufficient to kinematically resolve water lines at the snowline typically across several reso-
lution elements (the full width of a line at the surface snowline around a solar-mass star is
∼35 km s−1). At the longer end of the wavelength range, at 235 μm, the resolving power is
at least R ∼ 2000, sufficient to maintain line-to-continuum ratios of the water ground-state line
in excess of a few percentages.62

As the high-resolution mode of FIRESS is implemented by an FTM, the resolving power
may be tuned to the specific science case by changing the maximum path difference in a spectral
scan, trading against sensitivity. This is used to optimize FIRESS observations of galactic out-
flows (Fig. 6).

3.4 Spectroscopic Sensitivity and Survey Speed

The spectroscopic sensitivity of the FIRESS low-resolution mode is sufficient to detect PAH
emission from luminous (≳1011 L⊙) galaxies over a wide range of redshifts, out to cosmic noon

Fig. 5 Predicted HD 1–0 line fluxes and line-to-continuum ratios for a representative grid of disk
models using the model, as described in Ref. 62. The line flux predictions and their detailed
correlation with disk gas masses have been independently confirmed by at least three different
studies;70–72 the red dashed curve is from Ref. 71.

Fig. 6 Simulation of a FIRESS high-resolution observation of OH absorption from a galactic wind.
In this case, the resolving power is tuned to R ¼ 900 to optimize the sensitivity to the line profile.

Pontoppidan et al.: Far-infrared enhanced survey spectrometer for PRIMA: science. . .

J. Astron. Telesc. Instrum. Syst. 031635-8 Jul–Sep 2025 • Vol. 11(3)



(z ≲ 2, Fig. 7). For pointed spectroscopy, this enables the detection of line emission from large
numbers of luminous galaxies in the distant universe (see Fig. 8). The FIRESS low-resolution
mode can be operated in a fast-scan pattern to obtain R ∼ 80 to 130 spectral imaging of large
areas on the sky (e.g., 1 sq. deg to 5σ line detections better than 5 × 10−18 Wm−2 in 100 h).

The broad-band coverage of the high-resolution FTM offers dramatic improvements in the
speed with which the spectral dimension is covered. For instance, for full spectral range scans
(51 to 210 μm), Herschel-PACS reached a line RMS of 0.45 − 3 × 10−17 W∕m2 in 1 h.76 The
same coverage can be covered by FIRESS to an RMS of at least 1.4 × 10−19 W∕m2 or 30 to 200
times the sensitivity of PACS at the same time, depending on wavelength. This corresponds to an
improvement of 3 to 4 orders of magnitude in survey speed over more than twice the wavelength
coverage at 3 to 5 times the spectral resolving power, compared with the previous state of the art.

For the high-resolution mode, an important consideration is that the FTMwill receive a noise
penalty from the integrated background across a full low-resolution pixel. This result shows a
moderate sensitivity penalty for the brightest protoplanetary disks with dust continua brighter
than ∼0.3 Jy range, whereas fainter disks are much less affected. Essentially, the detectable

[Ne II]

[Si II]

PAH

z=1

z=2

z=5

[O III]

[N III]

[O I] [O III]

z=0.7

Silicates
[Ne II]

PAHP

FIRESS high-res (FTM)

FIRESS low-res

Fig. 7 Simulated FIRESS low-resolution observations of luminous (1013.0 L⊙) starburst galaxies at
high redshift, calculated by scaling the spectrum of M82, as observed with ISO-SWS and LWS74,75

(one of only a few complete far-infrared spectra of external galaxies). Representative noise real-
izations are added for exposure times per setting of 4, 2, 4, and 12 h per setting for the z ¼ 0.7, 1, 2,
and 5 galaxies, respectively; FIRESS requires two spectral settings to cover the entire wavelength
range. The simulated high-resolution spectrum using the FIRESS FTM mode uses a (selectable)
resolving power of R ¼ 600 at 112 μm.

Fig. 8 Relative fine structure line fluxes tracing star formation ([Ne II]) and AGN activity ([O IV])
from a luminous star-forming galaxy as a function of AGN fraction, compared with the FIRESS
sensitivity. FIRESS can detect an AGN fraction (f AGN greater than 0.4 at cosmic noon).

Pontoppidan et al.: Far-infrared enhanced survey spectrometer for PRIMA: science. . .

J. Astron. Telesc. Instrum. Syst. 031635-9 Jul–Sep 2025 • Vol. 11(3)



line-to-continuum ratio is only a weak function of source brightness in the bright-source limit.
The trade-off is that the entire spectrum is measured at high resolution, offering an expansive
discovery space for a wide range of scientific applications that would not otherwise be possible.

3.5 Discovery Space and General Observer Science

The highly multiplexed FIRESS modes have the potential for a wide range of science cases and
can address objectives that may emerge in the next decade particularly leveraging JWST and
ALMA. In the PRIMA GO science book, two-thirds of the science cases specify the use of
FIRESS, with roughly equal representation of the different FIRESS observing modes. Highlights
from the PRIMA GO science book15 include sensitive measurements of the D∕H ratio in solar
system comets to elucidate the origin of Earth’s water (Lis et al.), determining the primary modes
of protostellar accretion by monitoring large numbers of protostars (Battersby et al.), detecting
the primary reservoirs of nitrogen in protoplanetary disks (Bergner et al.), the evolution of crys-
talline silicates at cosmic noon (Kemper et al.), searching for the missing oxygen in the inter-
stellar medium using far-infrared ice bands and [OI] emission (Onaka et al.), understanding the
energy balance in nearby galaxies using fine-structure lines (Sutter et al.), and many more. We
anticipate gathering more science cases for PRIMA FIRESS during phase A and beyond.
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