
PRIMA FAR-INFRARED ENHANCED SURVEY SPECTROMETER (FIRESS)

Low-Resolution Mode 

• Provides R~130 and covers with 
complete full-band shown in two 
pointings.

• Sensitivities shown are for 
unresolved spectral lines in point 
sources, assume north ecliptic 
pole backgrounds.  Higher 
background regions will have 
increased limits. 

• Bar envelopes wavelength 
dependence under optimization.  
2x10-19 W/m2 is a safe assumption 
for estimation purposes.

Mapping Modes 

• Long slits -> maps a square degree to 3x10-19 W/m2 line flux 
in 1000 hours at 100 microns.   Full band covered in two 
pointings.   

• Small and large map modes available with observatory scan 
and steering mirror.  Map depth scaled by area / time^2 

• Excellent surface brightness sensitivity for low-surface-
brightness line emission:  5 sigma below 10-10 W/m2/sr, per 
beam in 5 minutes at [CII], [NII] wavelengths.

High-Resolution Mode 
  

• Also covers the full complete band in 
2 pointings.   

• Provides tunable resolving power up 
to R=4,400 at 112 microns, R=17,000 
at 28 microns.   

• Use 4.7 x 10-19 W/m2 for unresolved 
lines in faint sources.   See FIRESS 
presentation from March 2023 
workshop, slide 7 for more info. 

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.

0.0

10 100

0.5

1.0

1.5

0.0

H2O bending
vibration

H2O rotational spectrum

Silicate

Silicate

Vapor

o-H2O ground-state
“179.5µm”

o-H2O ground-state
“538µm”2.5

Flu
x d

en
sit

y (
Jy)

Wavelength (µm)

Ice

Cometary volitile
reservoir

CO rotational spectrumCO fundamental

Terrestrial
planets

Giant
planets

HCN +C2H2

Snowline

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).
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