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Basics
• 2 meter, 4 – 6 Kelvin 

telescope
• Spectroscopy and 

imaging
• Precursor GEP 

design study closed 
under $1B 

Ø Glenn, J., et al., 
JATIS, 7(3), 034004 
(2021).



Who is PRIMA?
A JPL Probe with Goddard participation and a 
community-based science team.

16 March 2022 2

The science leadership team is 
partially assembled:
Lee Armus IPAC
Cara Battersby UConn
Alberto Bolatto UMaryland
Brandon Hensley Princeton
Tiffany Kataria JPL
Margaret Meixner USRA
Betsy Mills KU
Arielle Moullet USRA
Klaus Pontoppidan STScI
JD Smith UToledo
Rachel Somerville Flatiron Inst.
Johannes Staguhn GSFC

PI: Jason Glenn GSFC
Deputy PI / Acting PS:
Matt Bradford JPL
Science Lead:
Alex Pope  UMass
+ likely international partners

We are still building the working 
groups.  Contact us if you’re 
interested!

pope@astro.umass.edu
jason.glenn@nasa.gov
matt.Bradford@jpl.nasa.gov



NASA Astrophysics Probe Basics
A rare opportunity for transformational far-IR science!
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Scope
• $1B cost cap (exclusive of launch vehicle & Guest Observer programs)
• International contributions welcome, ≤1/3 of cost

Important Dates
Draft Announcement of Opportunity June 2022

Announcement of Opportunity January 2023

Proposals Due ≤ 90 days post-AO

Downselect Mid 2025

Launch ~ 2030!

The ‘delay’ in Origins and ‘cancellation’ of SPICA let a gap in 
the future of far-IR astronomy that we must fill.



Meeting the Decadal Challenge
From Pathways to Discovery in Astronomy and Astrophysics for the 2020s, a 
Far-IR Probe should address one or all of:

• Measure the building up of galaxies, heavy elements, and interstellar 
dust from the first galaxies to today

• Probe the co-evolution of galaxies and their supermassive black holes 
across cosmic time

• Trace the astrochemical signatures of planet formation (within and 
outside our own Solar System)
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GEP’s science case was narrowly focused on the first two ($100k 
design study).  
PRIMA’s science case substantially broadens that science case and 
brings a strong GO program.



The Buildup of Galaxies
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Madau & Dickinson 2014 ARAA

Extinction 
corrected

The cosmic star-formation history is characterized to z ~ 2

PRIMA

Far-IR observations will be needed to measure star-
formation rates (even with JWST).



Why the IR Perspective is Needed

6         7        8         9       10       11      12       13       14   
Redshift

Arata et al. (2019): The escape fraction of UV photons varies dramatically on 100 
Myr timescales (halo free-fall timescale).

PRIMA
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10                                           100
Wavelength (μm)

Circinus Seyfert 2 Galaxy

[C II]

[O III]

[O I]

[S III], [Si II]

[Ne II]
[Ne V], 
[O IV]

Mid- and Far-IR Spectra of Galaxies
What are the constituents?

ISO, adapted from 
Moorwood 1999

•Warm dust
•Cold dust
•Atomic fine-

structure lines
•PAH lines
•Silicate absorption
•Molecular lines

16 March 2022 7



AA52CH10-Madau ARI 4 August 2014 10:30
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Figure 14
Mean metallicity of the Universe (in solar units): (solid curve) mass of heavy elements ever produced per
cosmic baryon from our model SFH, for an assumed IMF-averaged yield of y = 0.02; (turquoise square)
mass-weighted stellar metallicity in the nearby Universe from the SDSS (Gallazzi et al. 2008); ( green
triangles) mean iron abundances in the central regions of galaxy clusters (Balestra et al. 2007); (red pentagons)
column density-weighted metallicities of the damped Lyα absorption systems (Rafelski et al. 2012); (orange
dot) metallicity of the IGM as probed by OVI absorption in the Lyα forest (Aguirre et al. 2008); (black
pentagon) metallicity of the IGM as probed by CIV absorption (Simcoe 2011); (magenta rectangle) metallicity
of the IGM as probed by CIV and CII absorption (Ryan-Weber et al. 2009, Becker et al. 2011, Simcoe et al.
2011). Abbreviations: IGM, intergalactic medium; IMF, initial mass function; SDSS, Sloan Digital Sky
Survey; SFH, star-formation history.

determined with the highest confidence from elements such as O, S, Si, Zn, and Fe and decreases
with increasing redshift down to ≈1/600 solar to z ∼ 5 (e.g., Rafelski et al. 2012). The enrichment
of the circumgalactic medium, as probed in absorption by CIII, CIV, SiIII, SiIV, OVI, and other
transitions, provides us with a record of past star formation and of the impact of galactic winds on
their surroundings. Figure 14 shows that the ionization-corrected metal abundances from OVI

absorption at z ∼ 3 (Aguirre et al. 2008) and CIV absorption at z ∼ 4 (Simcoe 2011) track well the
predicted mean metallicity of the Universe, i.e., that these systems are an unbiased probe of the
cosmic baryon cycle.

The Universe at redshift 6 remains one of the most challenging observational frontiers, as the
high opacity of the Lyα forest inhibits detailed studies of hydrogen absorption along the line-of-
sight to distant quasars. In this regime, the metal lines that fall longwards of the Lyα emission take
on a special significance as the only tool at our disposal to recognize individual absorption systems,
whether in galaxies or the IGM, and probe cosmic enrichment following the earliest episodes of
star formation. Here, we use recent surveys of high- and low-ionization intergalactic absorption to
estimate the metallicity of the Universe at these extreme redshifts. According to Simcoe et al. (2011)
(see also Ryan-Weber et al. 2009), the comoving mass density of triply ionized carbon over the
redshift range 5.3–6.4 is (expressed as a fraction of the critical density) "CIV = (0.46 ± 0.20)×10−8.
Over a similar redshift range, CII absorption yields "CII = 0.9 × 10−8 (Becker et al. 2011). The
total carbon metallicity by mass, ZC, at 〈z〉 = 5.8 implied by these measurements is

ZC = "CIV + "CII

"b
× C

CII + CIV
' 3 × 10−7 C

CII + CIV
, (19)

www.annualreviews.org • Cosmic Star-Formation History 471
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Damped Ly-alpha absorption

Cosmic 
average, 
expected 
based on SFRD

Galaxy clusters

Stars in the local Universe

Complete Census of Heavy Elements in the Universe
Galaxies, though a small fraction of baryons, are an important part of Universe’s metal budget.

Madau & Dickinson 2014

Heavy element contents 
typically measured with 
nebular spectroscopy in 
the optical.

But optical 
measurements are limited 
by dust to unobscured 
regions; suffer from 
degeneracies with 
temperature (ionization 
state).

Far-IR measurements are 
not susceptible to these 
effects and complement 
other measures.
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PRIMA, in galaxies



Nucleosynthesis History

𝟎 ≤ 𝒛 ≤ 𝟏. 𝟐
• Nitrogen is special as a secondary 

nucleosynthesis product – comes on 
later in stellar processing.

• O/N ratio measures stellar processing 
à proxy for metallicity (e.g. Pilyugin, 
et al. 2014)

• OIII and NIII:  same ionization state, 
dust-immune, T insensitive

Ø Density-independent O3N3 diagnostic 
(2 OIII lines, 1 NIII line; Nagao et al. 
07, Periera-Santella, et al. 2013)

𝟏. 𝟓 ≤ 𝒛 ≤ 𝟑
• Ne inert, abundance tracks metallicity
• S partially depleted onto dust grains; 

tracks < linearly with metallicity
Ø [Ne II]+[Ne III] / [S III]+[S IV] (e.g., 

Fernández-Ontiveros et al. 2021)

  PROPOSAL SENSITIVE 

APEXMO 2019 AO NNH17ZDA004O Section D—Science Investigation 

D-3 

Use or disclosure of information contained on this sheet is subject to the restriction on the Restrictive Notice page of this proposal. 
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measurements and the extinction-insensitive far-IR metal 
diagnostics that we use with SAFARI (Figure D.2-1 left). In this 
small local sample, the far-IR measurements show a fairly tight 
distribution, while the optical metallicities show scatter and trend 
low. This discrepancy is attributed to the fact that the optical 
transitions only probe a low-extinction outer skin and not the 
enriched core of these systems where the bulk of the star 
formation takes place.(e.g. Veilleux et al. 2009b; Santini et 
al. 2010).  
 

Metallicity Investigation Requirements Flow 
Our science goals impose three requirements on the survey: 

 Coverage over 70% of cosmic time, looking back 9.5 billion years, to redshift (z)=1.6.  
 Representative galaxies: At each time, it must go deep enough to access galaxies 

responsible for at least 50% of the total star formation at that time. According to the model 

(below, Left), this is the suite of red circles. At z=1.6, it is a 6×1011 L⊙ galaxy. 

 Low metallicity: For any time and luminosity bin, it must allow detection down to 0.5-solar 

metallicity to capture the diversity in the populations and test predictions such as those in 

Illustris (Figure D.2-1). 

The measurement requires three fine-structure transitions: [OIII] 88 and 52 µm, and [NIII] 57 

µm. The line fluxes are estimated with the O3N3 far-IR abundance diagnostic of Pereira-

Santaella et al. (2017) shown below at right (colored lines; double power-law fit in gray) with 

our local galaxy additions, as well as relations between line luminosities and galaxies’ star 
formation rates (inset text, right) from an ensemble of Herschel measurements (§J.9.1.2). 

While more data will provide a better estimate, the fit residuals have an RMS scatter only 0.1 

dex. 

[NIII] drives requirements; it is generally weakest, and decreases as metallicity goes down. 

(The [NIII] metallicity-dependence is what produces the diagonal shape for the performance 

curves in Fig D.2-1.) Applying the 0.5 Z⊙  [NIII] limit to the fiducial z = 1.6, L = 6 × 1011 L⊙, 

source requires a minimum detectable line flux of 7 × 10-20 W/m2. To allow for uncertainties in 

the scientific estimates, we apply an additional 30% science margin, giving 5.4 × 10-20 W/m2. 

For these faintest bins, we require a 5V detection in eight hours of integration per source, 

enabling 10 sources in the low-luminosity bins at each of the five redshift bins (Table D.2-1). 

  

Figure D.2-2. Left: Luminosities of star-forming galaxies through time. Quartile 

ranges of star-formation activity per Gruppioni et al. 2013, based on Herschel data. 

Red circles indicate the luminosity threshold above (or below) which the galaxies 

account for 50% of the total star formation activity in the Universe at each time. The 

metallicity survey targets sources at this 50% level. Right: O3N3 diagnostic with our 

calibrations using the latest data on local galaxies (§J.9.1.2). 

 

Figure D.2-1. The mass metallicity relationship (MZR) is a key diagnostic of 

the evolution of elemental abundances and can be compared with 

theoretical predictions to constrain galaxy evolution models. Left: Metallicity 

measurements using our dust-penetrating far-IR diagnostic (circles) show 

local ULIRGs are closer to the z=0 mass-metallicity relation while the 

optical measurements (crosses) scatter low (Herrera-Camus et al. 2018). 

Right: Predicted MZR from the Illustris simulation (Torrey et al. 2019) for 

z = 1, with SLOAN measurements at z = 0.7 and 1.3 overlaid in cyan and 

black (Zahid et al. 2014) showing the discrepancies between the optical 

measurements and Illustris. BLISS/SAFARI will measure hundreds of 

galaxies to map out the true MZRs with a dust-immune tool (measurements 

populating above and right of the performance curves), tracking its 

evolution with five redshift bins reaching z = 1.6. 

JD Smith
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O/N calibrated as a 
function of 
metallicity in local 
galaxies with Sloan:
~ 0.1 dex scatter

Absolute metallicities not well measured in dusty galaxies à use extinction-free far-IR lines!



Unfinished Business:  The M-𝜎! Relationship 

From the Ferrarese & Merritt 2000 paper

While the mechanism of 
the relationship between 
bulge stellar mass and 
SMBH mass remain 
uncertain, it is clear that 
stellar and AGN feedback 
likely play important roles.

16 March 2022 10

à What are the energetics 
of feedback and how to 
they regulate the growth of 
stellar mass and 
supermassive black holes?



Observing Feedback with Outflows

Massive starburst at z=1.4
Puglisi et al. 2021.  

Evidently ejecting 46% of is 
molecular gas mass, rate of 
>10,000 M☉ / year!

(Suggests that merger-driven 
episodic events may be more 
important than more steady-
state feedback-driven winds in 
quenching star formation.)

ARTICLES NATURE ASTRONOMY

and has a weak rest-frame 2–10 keV absorption-corrected lumi-
nosity13 LX-ray ≈ 1.6 × 1043 erg s−1, which is in part from the intense 
star-forming activity of the galaxy (~10−15%, according to typical 
X-ray-to-SFR conversions14).

This source was selected from a large ALMA survey that 
observed the carbon monoxide J = 2→1, 5→4 and 7→6 rotational 
transitions and the neutral atomic carbon transition [C i](2–1) in 
123 far-infrared selected galaxies at 1.1 ≤ z ≤ 1.7 (Methods). The 
CO(2–1) and [C i](2–1) transitions trace the bulk of the cold molec-
ular gas reservoir, and the CO(5–4) and CO(7–6) transitions sample 
the dense molecular gas. The emission from the galaxy is detected 
at 15σ and 28σ in CO(2–1) and CO(5–4), respectively, and at more 
than 50σ in CO(7–6) and [C i](2–1). These lines (denoted by ‘n’ 
for ‘narrow’ in the following) have a full-width at half-maximum 
(FWHM) vFWHM,n = 120 ± 13 km s−1 at the submillimetre-measured 
redshift zsubmm = 1.395 ± 0.017, in excellent agreement with the red-
shift obtained from rest-frame optical emission lines (Fig. 1, Table 
1). The CO(2–1) and CO(5–4) spectra reveal the presence of a 
broad emission component at 6.2σ and 3.5σ significance, respec-
tively (Methods). This feature is detected at 2.7σ in [C i](2–1), which 
implies CO(2–1)/[C i](2–1) ratios that are consistent with values 
observed in distant galaxies15. The CO(7–6) provides an upper 
limit to the broad component flux. The broad component (‘b’) has 

vFWHM,b = 535 ± 135 km s−1 and its centroid is 179 ± 78 km s−1 redward 
of the systemic velocity of the galaxy, as identified by the centroid 
of the narrow emission. The broad emission shows no noticeable 
spatial offset with respect to the galaxy (Fig. 2, see also Methods). 
A broad component is also detected at more than 15σ significance 
around the singly ionized oxygen forbidden emission [O ii]3726,3729 
in the rest-frame optical spectrum from the DEIMOS 10K spec-
troscopic survey16 (Fig. 1). The [O ii]3726,3729 broad components are 
detected at a 92 ± 47 km s−1 separation from the narrow lines and 
have vFWHM,b = 537 ± 106 km s−1, which is consistent with the value 
measured from the ALMA spectra. The remarkable consistency 
of the kinematics in the ionized and molecular phases implies that 
these are tracing different phases of the same phenomenon.

We measure the molecular (‘mol’) gas mass of the system from 
the CO(2–1) luminosity (Methods). We assume a starburst-like 
CO excitation (L0COð2"1Þ= L

0
COð1"0Þ ¼ 0:85

I
) and a CO-to-H2 conver-

sion factor α ¼ 0:8M"ðKkm s$1pc2Þ$1

I
, which is appropriate for 

the interstellar medium (ISM) conditions of the galaxy. We derive 
Mmol,n = 2.3 ± 0.2 × 1010 M⊙ and Mmol,b = 2.0 ± 0.5 × 1010 M⊙ for the 
narrow and broad component, respectively. Therefore, 46 ± 13% of 
the total molecular gas mass is decoupled from the galaxy. This is 
a conservative estimate given the lower CO excitation in the broad 
component (Methods).
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Fig. 1 | Multiwavelength spectra of ID2299. a–e, CO(2–1), CO(5–4), [O!II]3729, [C!I](2–1) and CO(7–6) spectra of the source. To aid the visual comparison 
with the CO and [C!I] spectra, in c the λrest = 3,726 Å narrow!+!broad Gaussian model has been subtracted from the observed spectrum and only the λrest 
= 3,729 Å narrow!+!broad complex of the [O!II]3726,3729 doublet is shown. The spectra are continuum-subtracted and are centred on the systemic velocity 
of the galaxy. The spectra are also normalized to the peak of the narrow emission. In the upper panel of each part, the black curve and the light grey error 
bars represent the observed flux and 1σ uncertainty, respectively. Light blue lines show the Gaussian fits to the narrow and broad components. The darkest 
blue curve represents the total fit. Light and dark blue vertical lines mark the centroid positions of the narrow and broad components, respectively. Below 
each spectrum, light and dark blue curves show relative residuals from a single and a two Gaussian fit, respectively. Here, light grey horizontal areas 
highlight the root mean squared (r.m.s.) level of the single Gaussian fit residuals.

NATURE ASTRONOMY | VOL 5 | MARCH 2021 | 319–330 | www.nature.com/natureastronomy320
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𝑅 ≥ 10! enables galactic outflows to be 
characterized (mass, energy) with far-IR 
fine-structure lines and molecular lines.



Original GEP Imager Vision 
Co-evolution of galaxies and their SMBHs:  measure star-formation & 

AGN accretion rates for many galaxies.

‘Hyperspectral’ imager would detect millions of galaxies and measure 
redshifts using the prominent PAH emission lines (and silicate absorption).

σz/(1+z) as 
good as 0.01

Was R = 8 
Rebaselined to R = 20 

16 March 2022 12



Coevolution of Star Formation and SMBH
The incidence of deeply embedded AGN and their contributions to bolometric 

luminosities is still not well known.

Star formation & AGN separated with mid-IR spectra. 
AGN indicators:
Ø Warm dust dominant (‘blue’ mid-IR spectrum)
Ø Low PAH-to-continuum ratio

Jeremy 
Darling, 
z = 1.0 – 1.2 
galaxies

This can be done with 
spectroscopy too, which 
also obtains the far-IR 
fine-structure lines.
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Figure out what to say about polarimetry

Probably not space for another slide
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Origin of Planetary Systems and Water 
Transport to the Habitable Zone

1-28From First Light to Life

To illustrate the transformative power of Origins, Figure 1-26 shows its mass sensitivity as a func-
tion of the expected range of water vapor/ice mass and evolutionary stage. Table 1-10 summarizes the 
primary science objectives related to the goal to understand the development of habitable conditions. 
!ese objectives and the measurements required to accomplish them are described in detail in the 
following sections.

Table 1-11: Water Trail Requirements Flow
Science Objective 1

Measure the water abundance at all evolutionary stages of planet formation and across the range of stellar mass tracing water vapor and ice at all temperatures 
between 10 and 1000 K.

Science Observable
Integrated !uxes and resolved pro"les of water emission lines for planet-forming disks within 400 pc.
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Figure 1-27: Origins provides access to critical molecular tracers, including the HD J=1-0 line at 112 μm, and nearly the full H2O rotational 
spectrum. The wavelength range includes warm water lines between 25 and ~100 μm, and the ground state lines at 179.5 μm and 538 μm. Origins observers will 
use these tracers to quantify the gas mass and the location of water in planet-forming disks. The model protoplanetary disk spectrum above is based on Blevins et al. 
2016, rendered at 4-660 μm and at a uniform 6 km s-1 spectral resolving power, and for a disk distance of 125 pc. Previous spectroscopic observations of disks with 
Spitzer and Herschel were under-resolved, and therefore did not show the dramatic line-to-continuum ratios to be revealed by Origins.

Also shown is a schematic of the di$erent water regions in a planet-forming disk. The main regions include inner disk warm water vapor, midplane ice, and outer disk 
cold (photo-evaporated) water vapor. Origins will probe the water and gas mass content throughout the disk.  (credit: K. Pontoppidan & M. McClure).

Science Requirements
To quantify the water content in planet-forming disks, Origins must be able to perform high-resolution spectroscopy of water lines between 25 and 580 μm with a 
line sensitivity of 5x10-21 W/m2 in 1 hour (5σ). The minimum required spectral resolving power is 25,000. Line tomography of water in nearby disks requires spectral 
resolving powers of at least 200,000 at 179.5 μm and a line sensitivity of 1.5x10-19 W/m2 (5σ).

K. Pontoppidan for Origins

Q. How much resolving power do we need for this science?
16 March 2022 15

Water distribution 
can be modeled from 
the suite of lines and 
studied as a function of 
disk age.

Mdisk: orders of 
magnitude uncertainty 
from unknown CO 
abundance and dust 
depletion.
• 112 𝜇m HD 

fundamental 
optically thin, but 
weak.

Ø R ≥ 3𝑥10!?

PRIMA



What Can You Build with $1B?

The Galaxy Evolution Probe Concept Study  

27 

similarly from the short wavelengths, and we use 
these as priors in out modeling of confusion. The 
performance of XID+ also can be quantified by 
measuring the difference between fitted and true 
galaxy flux densities as a function of the distance to 
the nearest galaxy neighbor. Figure 16 shows that 
down to galaxy separations of the beam size—below 
the classical confusion ‘limit’—galaxy flux 
densities can be deblended with small fractional 
errors and little or no bias in most cases. 

A recent extension of XID+ has been the 
inclusion of spectral energy distribution models to 
fit multiple bands simultaneously. This has the 
capacity to break degeneracies and significantly 
reduce errors. Applying this method to all 23 GEP-I 
bands is highly promising as a means to deblend the 
confused bands. Utilizing the XID+ flux densities 
from the standard wide-field single bands as priors, 
this method can be used for highly blended galaxies 
or galaxies of particular scientific interest. Work is 
underway to apply it to large samples. 
3 INSTRUMENT PAYLOAD 
The GEP payload includes the optical telescope 
assembly (OTA), GEP instrument comprised of one 
imager module (GEP-I) and four spectrometer 
modules (GEP-S), and a payload thermal subsystem 
[Glenn et al. 2018]. Figure 17 shows the basic 
optical configuration of GEP and layout of all major 
components in the payload assembly. This section 

includes: descriptions of the optical telescope 
assembly (§3.1), the GEP imager (GEP-I, §3.2), the 
GEP spectrometer (GEP-S, §3.3), the kinetic 
inductance detectors (KIDs) that comprise all GEP 
focal planes (§3.4), their readout electronics (§3.5), 
and the payload thermal design (§3.6). 
3.1 Optical Telescope Assembly 
To meet the science objectives, the fundamental 
optical design requirement is to collect light with the 
2 m diameter primary mirror and to form an f/9 focus 
at five interface planes. The unobscured three-
mirror astigmat (TMA) is an oft-used configuration 
that is well suited to the first-order optical and 
mechanical requirements of this system. The 
powered mirrors are all conic shapes with parent 
surfaces that have mutual tilts and decentrations to 
reduce wavefront error (Figure 17). 

The five instrument interface planes are nearly 
coplanar at the common focal surface of the TMA, 
with minor differences in final focus to minimize 
wavefront error in each channel. Based on the sizes 
of the Focal-Plane Array (FPA), spectrometer slits 
and enclosures, the optimized field of view is 0.81° 
× 0.88°. The centers of the spectrometer slits are in 
the plane of symmetry of the TMA so that they can 
be untilted with respect to the central ray to each 
spectrometer. Stray light suppression is achieved 
with a pupil stop and a field stop. 

 
Figure 17. Left: GEP optical configuration side view shows its simple TMA design. A field stop is located 
between the secondary and tertiary mirrors and the fourth optic is a chopping mirror located at an image of 
the primary mirror, forming a pupil stop. The GEP-I and GEP-S modules are in the lower right. Center: 
Detail of GEP-I and the four GEP-S focal planes along with the ADR and 4 K cryogenic assembly. Right: 
Detail of the 18 K assembly located near the focal plane assembly. 

We are informed by the GEP concept study
Ø ~2 m, 4 – 6 K telescope
Ø 1 – 2 ambitious cryogenic instruments (arrays of 104 detectors) 

We are reprioritizing the science and the instrument requirements will follow.
We are specifically investigating 𝑅 = "

#"
= 10! − 10$ spectrometer options.

16 March 2022 16



Where to from here?

PRIMA
The PRobe far-Infrared Mission for Astrophysics

Imaging / Polarimetry:  ~10 to 300 μm

• Mapping speed: ~10 (!"#!$%&')
(

)*+,
- )
./0

-
(Extragalactic confusion limited for #>70 μm).

PRIMA factsheet version 1.1, 22 Feb 2022

Line Surface Brightness Sensitivity
(for mapping ISM in Milky Way & nearby gals., low-res mode)

300
900

600

Low-res mode

Low-res mode

Medium-resolution capability using 
addition to low-resolution gratings:
same 25-330 μm band.
• Available resolving power:  up to 
5000-8000.
• Sensitivity range: 5$, 1 hour of 10-19

to 2x10-18 W/m2 per spectral resolution 
element (or unresolved line).
• Mapping speed in medium-res mode: 
modest, to be determined, depends on 
R desired.  

Base low-resolution spectroscopy w/ wideband gratings:  ~25 to 330 μm.
• Resolving power 60 to 250.
• Unprecedented line surface brightness sensitivity (bottom center figure).
• Spectral-line sensitivity when pointed:  5$, 1 hour of  5x10-20 to 2x10-19 W/m2 (top right).
• Full instantaneous coverage of at least one ~octave bandwidth spectrometer band at a 
time, multiple bands simultaneously on source is a goal.
• Mapping speed: 10-1 to 10-4 sq degrees per hour to 3x10-19 W/m2  (bottom right figure).

Potential instrumentation capabilities:

Contact with questions: 
Jason Glenn   (jason.glenn@nasa.gov),
Matt Bradford   (matt.bradford@jpl.nasa.gov)

Preliminary

Preliminary

Preliminary

A community-driven general-observer-accessible far-IR-
optimized observatory for 2030.
• JPL implementation lead, GSFC key contributions.
• International partnerships in development.
• A cryogenic telescope with a target aperture of 2-3 meters.
Science and hardware formulation underway – inputs welcome.

Community Survey
• 121 responses so 

far – broad 
representation 
across areas of  
astrophysics 

Workshops
• 22 March:  173 

participants
• Early career 

workshop 25 
March:  20 
participants

https://docs.google.com/forms/d/e/1FAIpQLSdM1J_4hrgqEL0l0kn
G1vpS_083wPYbHIbclySmkkjtt5VIJQ/viewform16 March 2022 17

Contact us if you 
want to learn more 
or get involved!

https://docs.google.com/forms/d/e/1FAIpQLSdM1J_4hrgqEL0l0knG1vpS_083wPYbHIbclySmkkjtt5VIJQ/viewform


Who is PRIMA?
A JPL Probe with Goddard participation and a 
community-based science team.
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The science leadership team is 
partially assembled:
Lee Armus IPAC
Cara Battersby UConn
Alberto Bolatto UMaryland
Brandon Hensley Princeton
Tiffany Kataria JPL
Margaret Meixner USRA
Betsy Mills KU
Arielle Moullet USRA
Klaus Pontoppidan STScI
JD Smith UToledo
Rachel Somerville Flatiron Inst.
Johannes Staguhn GSFC

PI: Jason Glenn GSFC
Deputy PI / Acting PS:
Matt Bradford JPL
Science Lead:
Alex Pope  UMass
+ likely international partners

pope@astro.umass.edu
jason.glenn@nasa.gov
matt.Bradford@jpl.nasa.gov



Extras
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Adapted from Spinoglio 2013

Species Rest λ 
(μm)

Ionization 
Energy

(eV) 

Traces Typical Line 
Luminosity 
× 10-4 LFIR

[Ne II] 12.8 21.6 SF 3

[Ne V] 14.3 97.1 AGN 2

[Ne V] 24.3 97.1 AGN 2

[O IV] 25.9 54.9 AGN (& SF) 5

[S III] 33.5 23.3 SF 3

[Si II] 34.8 8.2 SF 4

[O III] 51.8 35.1 SF (& AGN) 20

[O I] 63.2 N/A SF 10

[O III] 88.4 35.1 SF (& AGN) 8

[N II] 122 14.5 SF 2

[O I] 146 N/A SF 3

[C II] 158 11.3 SF 20

GEP-S:
24 μm ≤ λ ≤ 193 μm 

Line carrying  10-3 LFIR for 
1012 L¤ galaxy detectable 
at z = 2, 5σ, in ~1 hour
(similar in class to SPICA)

Some IR Lines Accessed by PRIMA

20



GEP-S Spectroscopic Surveys

1. Precise redshifts, AGN markers
2. ISM physical conditions:  Stacking on ~106 NGRST or Euclid 

galaxies detected in Hα to correlate with mid- / far-IR tracers
• Feedback: High-velocity outflows
• Stellar Teff  and densities around young stars: 

[N III] / [N II] and [O III] 52 μm / 88 μm
3. Metallicities in galaxy disks:  Extinction-free tracers, 

e.g. [Ne II]+[Ne III] / [S III]+[S IV] and [O III] / [NIII]
4. Integrated luminosity density and clustering:  Intensity 

mapping of source-removed residual data cubes to assess 
low-luminosity sources in aggregate.

The physical conditions of gas in z > 0 galaxies and the role 
of gas in galaxy evolution are generally poorly known. 
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Cosmic Star Formation History

Driver et al. 2017 

• Accurate and precise 
star formation rates 
across broad ranges of 
redshift and 
environment
• Deep surveys and 

brightening by 
gravitational lensing 
will probe to z ~ 7.

Andrew Benson

These GEP simulations only 
sample 0 < z ≤ 3 (Galacticus + 
Dale et al. spectra).
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Extragalactic Source Confusion

Driver et al. 2017 

• Spectroscopy:  Fine-structure line emission will not be confused
• Imaging:

Ø Angular resolution 3”x (𝜆/25𝜇m) 
Ø Issue primarily for λ ≥ 70 μm 
Ø To be mitigated with, e.g., XID+ (Oliver et al.)

FIR flux densities can be extracted with high fidelity down to the beam FWHM 
using strong GEP mid-IR positional priors with XID+ (Raphael Shirley).
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Flux densities can be 
extracted with high fidelity 
down to beam size.

MIPS 24 micron, equivalent beamsize
to 2-m Probe at 56 micron 

Bertincourt + 2009



Extragalactic Survey Spectroscopy with the Probe
Survey the Universe in 3 dimensions, reveal heavy elements, SF, AGN, feedback
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Key requirements
• Push toward background-limited sensitivity

• Modest resolving power.   Most important 
attribute is detecting lines, so looking at 
integrated line sensitivity.  Sensitivity 
dependence on resolving power is modest, but 
resolving power drives mass and pixel count.

• Large spatial coverage (limited by practicalities 
such as mass / size and array format)

• Also require ability to go deep on single objects 
when necessary.

• à Drives us to wideband, R~200 long-slit 
grating modules.

• Wavelength coverage under study.  Origins went 
to 588 microns, where ground-based windows 
open up.   Longer is larger.

Origins figure from Alex Pope, same idea for Probe!


