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@PH:MH in a nuishell

PRIMA has:

LEGACY
Builds on decades
of advanced

space-FIR
observatory
concepts




@PH:MH in a nuishell

Origins Flagship Concept

PRIMA has:

LEGACY
Builds on decades
of advanced

space-FIR
observatory
concepts




@PH:MH in a nuishell

PRIMA has:
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@PH:MH in a nuishell
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PRIMA has:

OPPORTUNITY
Space-
background

orders of
magnifude below
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WPH MH in a nuishell

PRIMA Is:

COMPLEMENTARY
Fills the missing
wavelength gap

between JWST &
ALMA



@PH:MH in a nuishell

PRIMA Is:

COLD
multistage

passive + active
cooling
4.5K 1.8m primary
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PRIMA Is:

ADVANCED
State of the art

large format
quantum KID
detectors




Probe
region of

Nnterest

Moore’s Law for FIR detectors:
Sensitivity doubling every 2 years for 75+ years
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PRIMA Is:

POWERFUL

R~10 hyperspectral +

polarimeftry
®

R~100 up o >10,000
o Full decade in
wavelength: 24-261um

‘C?VPH:MH in a nuishell

1. 1.8-m primary telescope
2. Passive thermal shields
3. Metering structure

4. FIRESS objective optics
5-8. FIRESS bands 1-4
9. FIRESS FTM

10. PRIMAger

11. Joule-Thompson cold head

PRI1023
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PRIMA Is:

SENSITIVE & FAST
>102x sensitivity
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PRIMA'’s Superpower: Mapping

e Fast slew + steering mirror + large FOVs = very fast mapping —
PRIMA'’s superpower

e Powerful dust and gas followup with FIRESS spectroscopy.

e One GO idea: all-sky survey @100x Akari/IRAS depth, comparable
to Herschel deep fields

Simulated wide field
PRIMAger Hyperspectral

image (25-80 ym) and
FIRESS spectra of
two galaxies
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PRIMA Is:

OPEN
75% of mission

dedicated to GO
sclence
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PRIMA Is:

OPEN
75% of mission

dedicated to GO
sclence




PRIMA
Science Book
2nd Edition
Dropping on
arXiv Monday!
120 new PRIMA

GO Science
Cases

650+ pages!

PRIMA General Observer
Science Book Volume 2

Editors: A. Moullet (NRAO), D. Burgarella (Laboratoire d'Astrophysique de Marseille), T. Kataria
(Jet Propulsion Laboratory, California Institute of Technology), H. Beuther (Max Planck Institute
for Astronomy), C. Battersby (University of Connecticut), T. Essinger-Hileman (NASA Goddard
Space Flight Center), H. Inami (Hiroshima University), E. Mills (University of Kansas), T. Nagao
(Ehime University), S. Unwin (Jet Propulsion Laboratory, California Institute of Technology)
(Eds.)



PRIMA Origins and Key Science

CONSINSUS STUDY RIFORT

Pathways to Discovery in NASA Establishes New Class

Astronomy and Astrophysics - o
y for'fheyzozos of Astrophysics Missions,

Selects Studies

Credit: NASA

“Probe Explorers” <$1B

and a probe scale mission is an extremely timely and compelling opportunity to do so. These scientific
areas include tracing the astrochemical signatures of planet formation (within and outside of our own
Solar System), measuring the formation and buildup of galaxies, heavy elements, and interstellar dust
from the first galax1es to today, and probing the co-evolution of galaxies and their supermassive black
holes across cosmic time. These goals are all central to the broader scientific themes of the survey. The
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PRIMA & Dust

. What is the origin of dust in the Universe today?
Stardust? ISM dusi?

. How have dust and metals co-evolved over the past
10 billion years?

. When and where did the first carbon nanoparticles
emerge in the Universe?



From the Community: Across the Peak
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Figure 1. Typical SED of a star-forming region with the brightest gas lines. The magenta error bars correspond to
broad-band spectrophotometry with R=3.5 (100), and the cyan line is a R=200 spectrum (50)

Galliano+ 2023/25, GOB1/2



Offset Arbitrary Scale in F, / Iy
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ISO/LWS data for PN NGC6302
after continuum subtraction i
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From the
Community:
Mineralogy

Bower; Kemper; Galliano
2023/2025, GOB1+2



From the community: Dust Heating
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Path to the first dust in the Universe

T

SN Big Bang

Injection of elements

Condensation to dust
o W & T
ol 2l
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e N

Figure 1. The pathway to form the first dust in the universe: after the Big Bang, the first generation of stars are
formed, and high mass stars die as supernovae. These SNe synthesize elements, and some of refractory elements

Dust mass (M@)

condense into dust grains.
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Figure 2. Dust masses measured in SNe, as a function of epoch since the SN explosion (Revised from Niculescu-

Duvaz et al. 2022; https://nebulousresearch.org/dustmasses/)

From the community:

How much dust
production in SNe??

Matsuura 25, GOB2



ﬁr BUILDUP OF DUST AND METALS

Interstellar Dust Grain Structure and Origins

How does the structure of interstellar dust change across
environments in the local universe?

more more

e Polarization holds the key to Carbon grains Silicates

understanding the origin of dust
grains. 1.25

| IéM-lmixed
- . 1.00} Dust
e Polarization SED should rise { Model

sharply with wavelength if C &SI « .75}
populations remain separated.

22

S 050 [T oplpy)=04]

e PRIMA will directly test ISM grain | J{
growth and see if it is ' Stardust

Model
r d at low-metallicity b . — -
suppresse y by 00070 0 T 00

polari;qiion imaging of local Wavelength (um)
galaxies (91-232 uym).

see Hensley+Draine 2023



BUILDUP OF DUST
AND METALS

e |f Herschel could measure dust emission, PRIMA can measure
its polarization (p > 2%)! Dowell, BH, & Sauvage 2024
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BRANDON HENSLEY



BUILDUP OF DUST
AND METALS

One possible
scenario

Simulated
PRIMAger

Pa1/P232

0.6 0.8 1.0
Metallicity (Z/Zo)

BRANDON HENSLEY



Observed Waveleng 1
How have dust and 030 00 300

meftals co-evolved over
the past 10 billion years?

e Hyper-spectral imaging +
FIR spectra and provide
crucial diagnostics of:

e Dust emission in the form
resolved PAHs
Polarized
e Temperature-insensitive | Emission
metal-sensitive fine |
structure lines

[NII]/[OIll] = N3O3 Metallicity [0 111 [N 111]
Polycyclic

Aromatic Black Hole Accretion Rate [0
Hydrocarbons |

ormation Rate [Ne
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See also
posters/talks by
Tarantino, Lai,
Chown,
Sandstrom ...
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See also
posters/talks by
Tarantino, Lai,
Chown,
Sandstrom ...
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Far-Infrared Metallicity
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Far-Infrared Metallicity
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Far-Infrared Metallicity
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Jir BUILDUP OF DUST AND METALS

The Rise of Dust and Metals: PAHs and
heavy elements since beyond cosmic

noon
XL
-
o
u
=20fnale. Local Measuremenis| - £5 PRIMA/FIRESS will observe
3; jocal galaxies _F4 hundreds of galaxies up to
. PR = Qhi i e —_
S F bated with §I3=  2z=2.5to measure:
= 1.0 : BF2 =
= zt " & * Gas-phase metal
= (.5 fSimulated ° ° St abundances of O and N via
o PRIMA binned y )
N detections = [O 1], [NIl] (aka “O3N3")
)] —— - 0
1.0 06 04 0.2 0.1 « Direct PAH abundance

Metallicity (Z)
see Whitcomb, JDS, + 2024

relative to dust (gpay) from

rest-frame PAH emission
bands



I:I BUILDUP OF DUST AND METALS

The Rise of Dust and Metals: PAHs and
heavy elements since beyond cosmic
noon
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PRIMA will frace the enrichment history of hydrocarbons in the
Universe from early appearance to steady state abundance

= = = Total dust in galaxy | |
= | arge grains in galaxy| 7
= =Small grains in galaxy| |

Galaxy

10°
Q (a)
=107
| PRIMA’S
107 PAH range
10~

Aoyama+ 2018

o 1 2 3 4 5 6

104()

104

log(Lpan (erg/s)) cm 2

10#

x (kpc)

Narayanan, JDS+ 2023

“First fully self-consistent
PAH emission in

hydrodynamical galaxy

simulations.”



Flux Density (mJy)

a Observed wavelength 4, _ (um)
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The “P” Iin PRIMA is for PAHT

ot actually

10!

Bandl Band2 Band3 Band4
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— == FIRESS 50 (1 hour) point source sensitivity
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PRIMA will be a high-z PAH machine

Fraction of PAH power covered
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Donnelly+ 2024



PRIMA will be a high-z PAH machine

Simulated FIRESS Spectra, z>4 Star-Forming Galaxies
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PRIMA e Probe fartnfarea vission for Astrophysics - ’./ MIIA«"
Get Involved with PRIMA

e JATIS PRIMA Special o AAS Special Session
Issue (<—cite here) Wed Jan 7 2-3:30
released in August
(vol 11, Issue 3)

e PRIMA GO Book, 2nd

Approximate PRIMA Schedule:

edition
*T-Tyr: PRIMA + AXIS (X-ray)
e What will PRIMA do for selected for concept study
you?? Please fill our e Step 2 Proposal Submission:
December

survey  Selection Site Visit:
late ~Spring

rlma.IaC.Ca|teCh.edU e Probe Selection: ???
@PRIMAprobe on X *2031/32 Launch

| —



https://arxiv.org/abs/2511.10927
https://arxiv.org/abs/2511.10927
https://docs.google.com/forms/d/e/1FAIpQLScIC1LPtoj0ukVEyFDKrMyWb34gTXP7KlaMT3gSLd_s_gRn9w/viewform?usp=dialog
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