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PRIMA Timeline

Foundation: Concept Nominals
>20 yrs NASA Study ominat o-
investment in GEP Report year
detector and Galaxy  concept Astro2020 PRIMA PRIMA Due science
i - lected mission

cryocooler technology Evolution  study recommen Step-1 se .
_KIDs, MIRI Probe report ds Far-IR or proposal  forPhaseA l _ Selection fgr
cryocooler, CADR proposed submitted X-ray Probe submitted study!! implementation Launch!
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2016 2018 2021 2023 2024 Today Dec 2026 2032

2025

Why now?

1. Detector &
cryocooler
technology mature

2. Excellent
complementarity to
JWST & ALMA

3. Unprecedented
sensitivity 2 vast
discovery potential

4. Implementation
feasible in 5 years
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O PRMA
Why Now?
- Far-IR Detector

Technological
Readiness

Sensitivities of far-IR
detectors have doubled
approx. every two years
for 75 years!

Far-IR Probe
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PRIMA Basics

Telescope 1.8-m, aluminum, 4.5 Kelvin

PRIMAger R =8 hyperspectral imaging

Imager & 25-80 um

polarimeter R =4 imaging & polarimetry
91-261 um

FIRESS R > 85 spectroscopy

Spectrometer | 24-235 um
High-resolution mode:
R=4,400x (112um/A)

Detectors 100 mK KID arrays
(11k total)
Orbit Earth-Sun L2
ObserVing Time Launch 2032

* 25% or Principal Investigator science

* 75% for NASA-managed Guest Observers

* Pl data will be available quickly for Guest
Investigator science
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Large Gains and New Capabilities from Coupling Sensitive KID Arrays
To a Cold (4.5 K) Telescope (and Dispersive Spectroscopy)

— qp10 |- Spatial-Spectral SOFIA Predicted Newly enabled:

Survey Time FIFI-LS “ " Performance . Exter}deq-sourpe
-8 active facilities and line intensity
— past facilities spectral mapping

Herschel PACS Extensive
polarimetric
PRIMA W mapping
! * Deep all-sky far-IR
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PRIMA Science Themes

SPECTRAL MEASUREMENT EVOLUTION

L

z=2 From yoﬁng ‘through rapid Y ’
galaxies... growth... to galaxies today

POLYCYCLIC AROMATIC METALLICITY

HYDROCARBONS
BUILDUP OF POLARIZED

DUST AND DUST

METALS - EMISSION

PRIMA ALMA PRIMA uses the power of the far-infrared to see into the
hearts of dusty and obscured sources across cosmic time.

From water... to planets

OBSERVED WAVELENGTH

- : s PRIMAs instrument complement
@') - ¢ E ¢ ‘ enables a broad range of General
Observer (GO) programs.

COSMOLOGY GALAXIES ENERGETIC PLANET SOLAR
PHENOMENA FORMATION SYSTEM
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Protoplanetary Disks: Context with a Model Spectrum

ALMA (1) reveals
disk radial
structures and
temperatures and
(2) C abundance
with CO
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JWST probes hot 100
water (>150 K)

Wavelength (um)

PRIMA probes cold PRIMA measures disk masses
and warm water with optically thin, undepleted HD

Pontoppidan, Cleeves, Bergin, MacGregor
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Protoplaneta 'Y  Is there sufficient water mass to drive the formation of
Disks planetesimals and giant planet cores near the water snow line?

Water dominates solid mass beyond
snowline (e.g., Ros & Johansen 2013)

CH
OMH

C/H ~Stellar CHH ~Stellar lge

OH >Stellar S8 ( OH _ <Stellr S8

C/O C/O <Stellar C/O >Stellar
~Stellar

| Water vapor
\Nater snowlin®

PRIMA measures relative water vapor
column density in the disk surface inside,
near, and outside the snow line to establish
if icy pebble drift can catalyze formation

Does icy pebble drift transfer
enough massinto 10-20 AU where
most planets likely form?



T PRMR it s
Is there enough water mass to drive the formation of planetesimals
near the water snowline?

Do giant planets form by gas phase accretion in the outer PRIMA FIRESS FTM will measure the level of
disk or by inward icy pebble drift seeding? Which modelis inner-disk water enhancement in 200 disks (one
correct? simulation shown) of various ages and masses
JWST (point size « line flux).
—> PRIMA —p  200f
— ° (o]
g 19 on g
E 10 E . @ E ° =
= | 3 2100} °
EZRPeT N 4, B E o Cold water (~50 K)
g’ 10 E & L Enhancement? |'% @ 60; # Snowline water (~150 K)
= [ 2 % o 0 © Warm water (~500 K)
£ : S 5 40 o Hot water (~1200 K)
3107 — - = AB Payload Requirement
= 500K 50K 20 98
2 - water water e
= 1016 . o . 3
/' 8 10 2 4 6 810 50 100
(1) Gas-phase Disk RadIUS AU) Radius (AU)

planet formation
(e.g., Woitke et
al. 2009)
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Protoplaneta 'Y Do protoplanetary disks have non-solar C and O abundances
Disks in the 10-20 AU regions where most planets form?

While planetary cores likely form from the reservoir of solids, atmospheres accrete from the
gas reservoir (e.g., Mordasini et al. 2016).

Hypothesis: Measured transiting exoplanet [C/H] and [O/H] derive from disk abundances
(e.g., Oberg et al. 2011).

Due to uncertain CO depletion, disk masses are uncertain to an order of magnitude.
» PRIMA derives H from HD (112 um) and hence [C/H] and [O/H].

/ao] )

| | C/0__<Stallar | I CIO__>Stallar |
C/H | ~Stellar CH ~Stellar ( C/H ~Stellar e
l St ‘ OIF ~>Stellar 8 | OfFf —<Silar i

\Nater snowlin®

<——— Icy pebbles / Disk midplane
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Galaxy What is the relation between black-hole accretion rate and star-
Evolution formation rate in luminous galaxies since the peak epoch (z~ 2)?

ORIGIN OF GALAXY SCALING RELATIONS
SPRITZ - star- ~=
formation based
model linked to
Spitzer, Herschel
datasets (Bisigello
et al. 2021).

Santa Cruz Semi-
analytic model:
J more black hole
. / SFR growth at cosmic
outflows [ " (PRIMA) noon (Somerville
z=2 etal. 2021).

Observed relation
between black hole mass

and stellar mass (Reines &
Volonteri 2015). Log[Galaxy Stellar Mass]
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Background:

(Rest-Frame)
Mid- and Far-IR
Galaxy Spectra

Simultaneous black

hole accretion rates

and star formation

rates

* Spectral energy
distributions

* Relative PAH-to-
continuum ratios

* [OIV] vs[Nell]
strengths

Other objectives

* Metallicities from
[O HI]/[N 1]

* PAHs (to high z)

Observed Wavelength (x«m)
30 100 300

Metallicity [0 111] [N 1]

Polycyclic
ﬁr%matlcb Black Hole Accretion Rate [0 Iv]
ydrocarbons Star Formation Rate
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Galaxy What is the relation between black-hole accretion rate and star-
Evolution formation rate in luminous galaxies since the peak epoch (z~ 2)?
10 = ' ' ' 1 * PRIMAone square degree
F’iSX;bUﬁOOS;QbR survey: 42k galaxies
n = U In
151 =S_pRIMA quartile SC SAM (Donnellan+ 2024)

* Spectroscopic validation
and refinement:
Spectroscopic sub-samples
of 160 z =1.0-2.5 galaxies
using [O IV] and [Ne II] (rest
frame 26 & 12.8 um)

uncertainty

Log(BHAR/SFR)

" SPRITZ

0.5 1.0 2.0 2.5

1.5
Redshift
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Galaxy

Do winds in luminous z =1 - 2 galaxies quench star formation?

Evolution
Models Method Survey
10°E  Detectable ,=1 5.
g = | outiow 5o 71072 @
ﬁ > = e n ®
2a = d
5 O
2009 o . €
ES o 103 <
22 Markarian 231 3 3 g .
=10)) — Systemic s Lo | load requirement
S 08| Raosds S A |
ayload + 10 » ,
M82, courtesy NASA, ESA, and the : : : : : 8 ekt
: -3000 -2000 -1000 0 1000 2000 3000 = 102 Y0 o 8L e T
Hubble Heritage Team (STScl/AURA) Rest Frame Velocity (km/s) - _© Example PRIMAR=900 targets
' 1012 1013
Lrllo
* Models require winds ejecting gas to * OH doublet absorption features (here ¢ Contours: Illustris TNG outflow
guench star formation in massive galaxies 84 uym @ z=1.5; also 61, 71, 79 um) model on PRIMA SPRITZ populations
* Need velocities and mass outflow rates to with the FIRESS FTM tuned to R=900 « Requirement: detect 340 M@ /yr (all
test models * Fitcomponents to measure outflow HLIRGs should have this)
* Coolcomponent (T<10,000K) dominates velocity and mass » Survey: 25 galaxies each in redshift

the mass e Shown: 850 Mg,/ yr @ 130 binsz=1-1.5and z=1.5-20
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Interstellar Dust Grain

Structure and How does the structure of interstellar dust change

across environments in the local universe?

Composition

1.25 — Polarization:
ISM[;mSi:(ed o Pristine stardust from C-rich AGB
1.00 u — stars does not produce polarized

Model

emission.
4 0.75 : T |
= o Composite grains aggregating
\5_ 050 i stardust with ISM-grown grains does.
. > o Albedo difference leads to strong
0.25 - # olarization wavelength dependence.
Stardus P g P
0.00 — A Model . Test: Are ISM grain growth rates
70 100 200 300 suppressed in low-metallicity
Wave|ength (pm) galaxies/environments?

Warm, C-rich grains
unpolarized

Hensley, Dowell, Sauvage, Essinger-Hileman

Survey: 91-232 um polarization imaging
of 31 local galaxies
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PRIMA Guest Observer Program and Community Outreach

PRIMA Internship Program
Pl: Meredith MacGregor

PRIMA General Observer
Science Book Special Section on the

PRIMA Probe-Class
Mission Concept

Guest Editors: Naseem Rangwala and Matt
Griffin

Engaging graduate and upper-
division undergraduate students in

ond ad.: 38 revisions hands-on mission development at
and 91 new! JATIS special issue: JPL and GSFC

1sted.: 76 papers

Read the articles

33 submissions!
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GO Science: Polarimetry and Magnetic Fields in Galaxies

PR|MAger (35%) . ggn;:latlons of polarimetric capability: Dowell+

* GO: Magnetic fields (Lopez-Rodriguez; Louvet;
| Paré; Pattle)
N 4 I—o /—& L ‘ 1\

| — Galactic clouds: The role of magnetic fields
Simulated 4+ 1 '

in cloud dynamics

l
PRIMAger| -} s53%= ~ o .
| 1 — Nearby, resolved galaxies: Do molecular
Polarimetric =~ ¥ ¥ &% B,

' Ji — cloud fields generally align with and reflect

Imager mags\ Ll radio (cosmic ray) derived fields on larger
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PRIMAger (LAM)

100 Linear Position Along Filter
© Lens or 0'_'_'_'_'_‘mm e L
Telescope :\5 80 R = Ao/DAtwnm A
z 0
g 60
! el
42 arcmin. = /
i 1 % 40 DAfwhm
=
. Short-wave \/ y Long-wave 20
‘ . transmission | transmission
1 6 a rcm I n : ~ Linear Variable Filter ° ) E ‘ Y T
0 5 10 20 25
W — ——AL Wavelength (um)

25 47

v Cross-Sectional View

UIWOIR $Z

< UIWOE || >

AR Coating
Cross-slots
uniform.
AR Coating

Polarimetric Imager

NGC 6946
Herschel/SPIRE 250 um

X Cc8
Cross-slots scale up linearly. d=10400m

Logarithmically | “M\“J
Variable Filters [

polarization sensing directions shown

Perido et al. (2024),

SEM HV: 20.0 kV/ WD: 9.99 mm i VEGA3 TESCAN|

S RO N View field: 7.19 ym Det: SE 2ym

GSFC Detector Development Lab
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FIRESS (JPL & GSFC)

* 4 dispersive diffraction gratings

* Fourier Transform Spectrometer with ABB /
University of Lethbridge SPICA-type phase-delay
mechanism (with post dispersion)

Device for stiffness compensation
adjustment

OPD actuator
electrical wires
OPD laser metrology moving :

back-to-back retroreflectors

Rotary moving
magnet actuator
with magnetic
shielding

f Flexure pivots with
= passive caging

Scanning arm with
clear aperture for
science beam

Moving
carriage

Stationary
structure

Interface Y

! mounting points
OPD actuator
[ electrical wires 7 X

Cournouyer et al. (2023)

(b) FIRESS slits &
band-center pixels
(projected onto
sky plane)

R

l"iBand 4

_ Gsrezezezen |

(O

<«—4.5arcmin.—»

4 slit-fed grating modules, each 24 x 84 pixels
Bands 1 and 3 overlap, Bands 2 and 4 overlap.
High-res mode with FTM couples all bands when
engaged.
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KID Principle of Operation

Superconducting ]
resonator
Q =22 10%t0 10
Af
fO =O.1 —10 GHZ
T L ° g /
hv = —=- Oof@
o Qa -
28 Q//7
o
.
= -20f e
74
o
10g,4(P 350 ghz WD h/@f
O I O 20 200 400 600 800 1000
Day et al. 2003
-30F

57549 5755 5.7551 57552 5.7553 5.7554
F [GHZ]

5.7547 5.7548
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KIDs: Culmination of 2 Decades of Technology Investment

JPL FIRESS .
prototype KID arrays Prototype KIDs meet PRIMA requirements
with GSFC
microlenses 7E-19 i I>I LI | L 1 1 UL |J“ 1 1 I. ] i
L E® . Example Margin | .
L 2 &80
N o I Lo
T (S LETTH
= E=5||| =-;F=—====--- B1
< o=9g
= (HES FIRESS Reqts
& -------- B2
= 1E-19 T ]
5 t JPL210-um ]
T SRON 43-um pixel  FIRESS array
o (polarimetric) i
)
(]
SRON polarimetric
KIDs (derived from 2E-20

10 ' 100
Modulation Frequency (Hz)

25 pm result: Day+ 2024, Phys Rev X

SPACEKIDs effort for
SPICA)
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Microlens Arrays & Hybridization

|

Silicon microlens Light arriving at focalplane
from telescope optics

—Thin bonding layer

KID absorber LQuarter-wave or absorbing backshort

GSFC greyscale-etched microlens arrays & hybridization technique.
Accuracy across the bulk of each lensis ~2 um!

Stevenson, Cothard et al. (2024), Dahal et al. (2025)
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Beyond PRIMA: Science Opportunities with PRIMA Technology

* Balloon using high-background PRIMA-type KIDs Balloon Experiment for Galactic INfrared Science
and logarithmically variable filter technology A )
» Radiative ISM feedback from massive stars: 6m (!)
Measure heating (single- and multi-photon) and Rl e BRa LIV
size distributions of small dust grains near hot, Sun Shielding '

young stars

Communication

Antennas
Solar Array

MIDEX far-IR all-sky polarimetric mapper using
PRIMA’s ultrasensitive KIDs and readout:

Elevation

Drive Telescope

» Measure dust composition and B-fields throughout
the Milky Way

LHe Dewar

* Asteroid finding with concurrent surface et
temperatures using PRIMA’s KIDs and
logarithmically variable filters

Batteries,
CSBF Support Computer Boxes,
Instrument Flight Electronics
v Package (SIP) ete

» Significantly reduced mass uncertainties

* Origins Space Telescope
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Extra slide follows
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Astrophysics Probed with Far-IR Observations

Unigueness: Dust-

obscured star formation

and AGN;
protoplanetary disk
masses & chemical
abundances

Complementarity:

Cooler gas than JWST
can access (e.g., <150

K'H,O in protoplanetary
disks)

Mechanical AGN

feedback

Molecular gas, —pp»

SPACE REQUIRED SPACEREQULLLRED

Old stars
0 g o

Lyman-alpha
emission

Obscured &
star formation t!
k]
Obscured
AGN .
Radio  |sub-mm| FariR |[ MR [NRJopt] uv | SoftXray
| | | | | | | | | |
| | | | | | [ | | | |
9 10 1" 12 13 14 15 16 17 18 19

o0 Frequency () Astro 2020 Fig. 7.1
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Protoplanetary Disk Masses from HD

CO-derived disk masses are currently HD line flux vs. disk mass for two model
uncertain to a factor of 10 due to depletion and 3 stellar masses (luminosities).
) o 7 Line Sensitivity
* Mass retrieval accurate to 2x when combining 10" FRD prediction 2.0 My
unresolved lines with far-IR SED (e.g., Seo+ 2024) < 2+¥r:g#;%e;ta;i 22%1167 -
— . 2 ©
* Consistent with previous Herschel-PACS HD- § ol 05M,
based masses (e.g., Trapman+ 2017, Kama+ ‘,f10 ‘
- e —~v=—Stressing case at 3 M, |
2020) - Payload Req(usire;rggnr:
[0)
* Seo+ show that R > 1.5x108 required to fully 1018 L .
resolve the line at high S/N to significantly . Resolving Power
improve uncertainty. = f
‘% L Stressing
PRIMA £10} case at 3 M,
o
* H, mass derived from HD 112 um (using 2 oo
temperatures from existing ALMA CO or Cl = ¥ 60) 2l R3.500
observations) AT
(o] - | L ; Ll L ol
200 disks of various ages 01 1 3 10 100

Disk Gas Mass (M)
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Protoplanetary Disk C and O Abundances

JWST transit observations of exoplanet atmospheres PRIMA’s disk survey simulated as two sub-samples
are yielding C and O abundances different from their with expected error bars (200 disks of various ages
stars. will be observed).

* Departures can be due to disk chemical

@ 2
evolution, planetary migration, and z E B } f { PRIMA
accretion (e.g., Mordasini & Burn 2024). E 5 1 fg\VASP-33D O-enriched

<

* There is a paucity of disk C and O s 5 { E
abundance meagurements (a few disks with - § 0 WASP-77 Ab
+/- 1 dex uncertainty; e.g., Grant+ 2023) to g § < Planet migraion .
compare to exoplanet abundances and test & 3'1 i 1 danlatedt |
del e 5 “®. Exoplanet atmospheres diSks

OCL LS = ; ® o PRIMA simulated disks

o Ll ol 1 sl

0.1 1 10 100
Planet Orbital Radius (AU)

Oxygen derived from water and (gas-phase,
which drives gas-giant formation) carbon from
existing CO ALMA observation
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Protoplanetary Disk Water Vapor Column Density Measurements

Retrievals via slab models with unresolved lines
* Previously: Spitzer (Zhang+ 2013) and Herschel (Blevins+ 2016)
* Recently: Unresolved R =3000 JWST MIRI spectroscopy (Pontoppidan+ 2024, Munoz-Romero+

2024).

Water column density  2x
Temperature 10%

Emitting area / radius 20%
* Consistent with predicted disk-surface dust-temperature profiles

PRIMA will have ~100 lines per spectrum in 200 disks.
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Mitigation of Confusion: Spectrally densely sampled, R =10 rest-
frame mid-IR spectra — excellent short-wave positional priors

[* galaxy at 2=2 (2E12 L) — 50 confusion (SIDES) 1and 10 sq deg surveys
1015 fagn=0 - = - XID+, single A priors ' — ' >
| — =04 —— XID+, CIGALE priors w 10%F Gl Potential :
e 2 : ]
= S 8 403 Logllg <12 ).
L P = 10 12 < Log(L/Le) < 13 |
510_16 - 2 -t - Require 600 Log(L/Lo) > 13 ]
- = o 102 | galaxies per
Tig S © E Az = 0.25
= - [ bin
““““ S 101}
=
10-17 e AN AT N g e e S s e o e A e T 0
: deep payload reqt. 10 2 4 | 5 8
reqt . N Redshift
30 40 5\(/)V86\99|er?8th1?3m) 150 200 Bethermin+ 2024

Donnellan+ 2024
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BHAR and SFR for Two Models

Model predictions vary considerably and new data are needed to test them.

SC SAM z=1-15| * 10sqdeg, 1500 hrs

. * SPRITZ models are
empirical and have a

large number of
coevolving galaxies

* SC models are semi-
analytical, black
holes form early and
quench star
formation

* Cross denotes

L typical error bars
= | From Bisigello+ 2024

10°

-1 -1
SFR (M yr) oY)
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AGN Tracers

14}

12

I—boIAGN [ I—o]

b°|AGN( X )

14

6

8 10 12 14

oo (SED—Tit) [Lo]

X-rays are 2-10
keV

3 points with
stars denote
corrections from
hard X-rays for
known Compton-
thick sources
Other X-ray
points may lie
below 1:1 line
due to
obscuration
From Bisigello+
2024




YT PRMA dens e B
Galaxy Evolution: Star-Formation Rate and AGN Luminosity from Atomic Fine-Structure

Lines

How to measure the SFRs and obscured SMBH luminosities simultaneously in galaxies?
= Redshifted mid-IR and far-IR spectral energy distributions (SEDs) and atomic fine-structure

lines.
10 '\ 2303 R" @) )1 of1602=1.0-2.5 galaxies
L / ] using[OIV]and[Ne ll] (rest

& 4Iﬁ’/// 1 frame 26 &12.8 um)
g "
S Models based on Bonato+
> | el -
= uz 3 X 2019 (also Gruppioni+ 2016
@ / e and Stone+ 2022)
£ 1119 Qe e i e L :
510

3
Payload Requirement for z=1-1.5 -

04 0.6 0.8 1.0
fAGN

o
N
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[Nell]13um

[Ne [lI] and [O IV] Detectability o — o
_ ) = <fAGN> =0.3 125,\
£ 107 3
* PRIMA wavelength coverage = _ _ 12.0 %
starts where JWST stops L1p-19] A 8
* Dashed lines show L* and 6 x 11.5
L* 10—20_
. . C e , ; : . 11.0
* L* galaxies with significant 0 1 2 3 4 5
AGN will be detectable up to ?
cosmic noon, above L* to high [OIV]26um
redshifts 10-17] - Z:AGN: = 8;
: = Ay > = U,
From Bisigello+ 2024 T - <faony> =0.6 12'53
E 1078 -
= NEN 1205
2 1010\ 8
- \ 11.5
10—20_
11.0
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The Rise of Dust and Metals: Has the relationship between PAHs and
metals evolved since cosmic noon?

In the local universe, there a reduction in PAH
emission with reduced metallicity.

For1001.75< z <2.25
0 galaxies in 5 gpay bins, PRIMA
4 will measure
3
2

Local Measurements

— Model based on
local galaxies

- Shifted with
MZR to z=2

g
S

-
(9]}

 Gas-phase abundances of
O and N via [O I1], [NII]

1 * (pay from rest-frame 11.3
and 12.7 um bands

Simulated
0.5 PRIMA binned
qefegtiolnsl o ;
1.0 06 04 0.2 0.1

Metallicity (Z)

SPAH / vF,/(20 um)
o




T PRMA s s B
Metallicities from [N [I1]/[O ll]

18 ' | ' ' Sample of 100
10 [0 1I]] 52 um galaxies z = 1.75-2.25
(9]
§ Calibrate [N 1111/ O [llI]
e with local galaxies
X
LGLJ Models shown based
= 19 on Peng+2021
—10"F /| _ _Payload Requirement _ _ _ _ _ _ _ _3
I ~7/7,=0.33 !
0.3 0.6 0.9 1.2 1.5

Metallicity (Z/Z,)
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Extinction and Temperature Independent Metallicities

—

o

o
K
|

- TR | T T =TT
~ > P

57

ﬂ * Nitrogen is a secondary
—— ; nucleosynthesis product—comes on

=

~ * | later in stellar processing.

;- O/N calibrated as a | * O/N ratio measures stellar

é function of processing = proxy for metallicity
+ metallicity in local (e.g. Pilyugin, et al. 2014)

o 10|/ galaxies with Sloan: " o

- ~ 0.1 dex scatter GP * Olll and NIII: same ionization state,
g dust-immune, T insensitive

™y L([OIN1]88) [L.] = 2.17 x 10" x SFR [M./yr]§ | » Density-independent O3N3

o [OII1]52/[O11|88 = 0.56 (low-p limit) Y\ diagnostic (2 Olll lines, 1 NIl line;
]r 03IN3(7) = R4 4 x 7003 (Z< 0_27)'"'- | Nagao et al. 07, Periera-Santella, et
2 (©)=1613x2'7 (22027 al. 2013)

o i i A | i 5 e | i A

© 0.1 0.10 1.00

ZIZ . JD Smith
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GO Science: How do stars get their mass?

* Mass: The fundamental
property of stars, but we do 90 Class 0 Protostars

not know how they accrete §
. . = 5 Space-based Mid IR Space-based Far IR Ground-based Sub-mm
their mass. Quiescentor =
episodic? <E,: 4 Extinction & Reliable tracer Luminosity
« Far-IR: Only wavelength for 45 orientation of accretion temperature
which luminosity correlates § ’ dependent rate dependent
. . . 1)
tightly with accretion rate. 2 2
O
* Test: >50% of mass is i T N s A
derived from rare events? @
: - g 0 $ —&
* Survey: 2000 protostars with =
cadences of 2 wks to 5 yrs (& 3.4 4.6 PRIMA 450 850
back to Herschel) Wavelength (um)
* Archivalvalue: Huge, plus Battersby, et al., (2023,

polarimetry! PRIMA GO Science Book)
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GO Science: High-z PAHs

An exciting and unique opportunity to observe hydrocarbons in the early universe, complementary
to JWST (Donnelly et al., PRIMA GO Science Book)

Redshift
6 5 4 3 2 1 0
1 0 . 4.5 1 1 1 1 1 1 1
] ==
e J£]
= 4.0 T+--- e e
T g T
& 0.8 T 351
T >
: S 3.0 Z
= c L
-~ 0.6 1 © —
> — JWST 2 2.57 ®
o= —— PRIMA 3 PRIMA PA DA v
W < 2.0 =
= 0.4 1 < :
o c Simulated
c © 1.51 pinned - Cosmplogical Sim. with Local PAH-Z
@ - T Relation (SFR>100M, yr—1)
8 0.2 1 S 1.0 —— Delayed Injection
8 _ Modern Average for Z,
S 0.5 ] ~77 (Whitcomb et al.)
0.0 - :|>:‘ % z < 1 Stacking Constraints
L L L . v Ad . o,o T T T II T T T T T T T T
0 1 ? 3 4 5 6 08 1 2 3 4 5 6 7 8910 13.8

Redshift Cosmic Time (Gyr)
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Simple Take-Away Points

* Star Fc

* The Far-IR provides unique probes of the cool ISM. ™

) ) . Obscured
* PRIMA s poised to measure the coevolution of | star formation

galaxies and their black holes, the buildup of dust
and metals in the universe, and abundances in
protoplanetary disks (Pl science) and provide a
broadly capable observatory for exciting GO Obscured

. S AGN
science (75% of the observing time). Far IR MR N

* With exciting results over the last several years,
the detector technology is in hand!

Please consider how far-IR observations can
address your science and talk to the PRIMA team!

https://prima.ipac.caltech.edu
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OPRMA

The timing is perfect for a background-limited Far-IR

Observatory

Our JPL/ Goddard / SRON collaboration has demonstrated kinetic inductance detector (KID)
sensitivities exceeding PRIMA’s requirements spanning PRIMA’s wavelengths

PRIMAR =10 imaging
requirement
PRIMAR =100

spectroscopy requirement —p

>

Demonstrated
performance
(lower on this
plotis better!)

lasik et al, Ti microNEESH

gl Baselmans et al, Al KID array
ah et al, Ti/Au TES

JPL 210 xm PRMWNA/FIRESS arra

JPL 25 ;m PRIMAYsototype pixel l 10x

Echternach et al, QCDH
| | | |

2000 2010 2020 2030




