
Is there Life?

cwalker@arizona.edu

PSC: Primary Spacecraft 
• Large Pressure Controlled Membrane Reflector  
• Sunshield & Baffle
• ~10K Operating Temp. 

ISC: Instrument Spacecraft
• Optical Relay & DM
• Cryogenic system
• HRCCS: 1< λ <20 µm; R≈ 105

• MKID arrays: λ > 20 µm
• Ion Thrusters ~220m/s yr-1

• Laser Metrology with nm 
precision 

• <12% obscuration @ 10K

SALTUS/Ad ASTRA
Single Aperture Large Telescope for Universe Studies



Ad ASTRA-SALTUS: Best Case for Detecting Biosignatures

Full Biosignature Disequilibrium Observations at ~5 ppm
with High-Resolution Cross-Correlation Spectrometers

Simulated TRAPPIST-1e transmission spectrum at R=1000 via the Planetary Spectrum 
Generator (PSG) with terrestrial-like vertical gas and P-T profiles, and no clouds.
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~39 meters is Optimum Diameter: 
When the photon noise per transit 
equals the stellar contamination 
floor

JWST calibration constant  

(LHS 1140 b at 2 µm; 30 ppm × 6.5 m = 195 ppm ּ-m ּ)

How Big?



Ad ASTRA-SALTUS: Impact of Number of Transits at First Glance

Simulated TRAPPIST-1e transmission spectra via the PSG at R=100. SALTUS simulations 
adopted JWST NIRSpec and MIRI instrument noise – only the M1 diameter changed to 40 m. 

SALTUS is 2 orders of 

magnitude more sensitive 
than MIRI at  > 20 m so 
noise will be significantly 

reduced than shown here 
using MKID technology.

C. Anderson
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Band Nominal range Immersion 

grating      

Fiber Fed

Detector Principal 

molecular 

science

Rationale

1 1–5.2 µm Si HgCdTe H₂O, CH₄, CO, 

CO₂

Strong NIR 

molecular 

bands.

2 5.2–11 µm Ge / GaAs 

trade

Si:As H₂O, CH₄, O₃ 

N2O

6.3 µm H₂O, 

7.7 µm CH₄, 

9.6 µm O₃.

3 11–25 µm Ge / GaAs / 

ZnSe trade

Si:As CO₂, H₂O, O₃, 

N2O

Complete 12–

18 µm region.

C. Anderson



* ELT mid-IR access is partial, weather-dependent, and severely background-limited beyond 5 μm.

Capability JWST HWO (planned) ELT 

(METIS+ANDES)

SALTUS

Aperture 6.5 m ~6 m 39 m

(~200,000 kg)

~39 m inflatable

(~100 kg)

Primary type Rigid segments Rigid segments Rigid segments Hencky membrane

Operating temp. 50 K ~50 K 280 K (ground) 10 K

Wavefront control Passive Passive SCAO/MCAO Offner relay + DM

Wavelength range 0.6–28 μm 0.1–2 μm 0.35–14 μm* 1–25+ μm

O₃ at 9.6 μm Marginal No Difficult* Yes (single transit)

N₂O at 17 μm No No No Yes

Telluric confusion None None Severe None

Photon noise floor ~30 ppm ~10 ppm ~20 ppm (NIR) ~5 ppm

Biosig. ensemble Partial NIR only Partial Full 1–25 μm

Transit capture ~95% ~95% ~60% ~98%

How do they Compare?
Only One

(~35,700 kg @39m)
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Deployable Gossamer 
Primaries are the only 

viable solution.



SALTUS: R~300 @ 10K

SALTUS:
 R~106-7



IR Space Observatories

Herschel 2009

3.5m

~80⁰ K

3 yr

$0.776 B$0.199 B

IRAS 1983

0.57m

2⁰ K

~0.8 yr

26yr

Odin
Spitzer
AKARI

ISO
SWAS

JWST 2022

~$10 B
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A Paradigm Shift  is required to realize 
Larger IR/Far-IR space apertures



Surface Measurement of a Large 

Inflatable Reflector in Cryogenic 

Vacuum 

(Quach, et. al. 2021; Special 

Session, Proceedings SPIE, 24 

August 2021, >100 pages)

Inflatable Aperture Experiment 
(IAE): 1996
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Surface Characterization

270 Pa

250 Pa

230 Pa 2

Round 1 Round 2 Round 3

P
re

ss
u

re

Time

Used Optical Deflectometry
    (Precision >100 nm)

Measured at Multiple Pressures 
and Times

Results Demonstrated
• Repeatable Surface
• Figure Control
• Focus Control
• Capable of Operation in Near IR

• High Strehl ~1 µm
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38×
JWST collecting area

6.2×
SNR gain (same time)

1.9 mag
deeper than JWST

<35 min
trigger → first photons (ToO)

SALTUS Light Bucket Mode: 

Unlocking a Universe of Time-Domain Science

University of Arizona  ·  Steward Observatory  ·  SALTUS  ·  C . K. Walker et al.

TNO Stellar Occultations

GRBs & Kilonovae

r-process absorption (Sr II, Ba II) at late times 

→ kilonova spectroscopy in < 5 min

Compact Object Variability

ms-cadence Pulsar & QPO photometry — 

6,000 photons/ms

Single-chord light curves at ground-impossible 

SNR.

Extragalactic Stellar Pops

Individual RSGs in Virgo Cluster (V≈27) at 

R=5,000 in 2 hr.

Hot Jupiter & Warm Neptune

H₂O, CO, CH₄, CO₂ at R~5,000–

20,000.

Solar System Auroras & Io

H₃⁺ auroral lines on giant planets at R=10,000 

in 2 min. 

TNO Stellar Occultations

No AO Needed!



2026 – 2050

University of Arizona  ·  Steward Observatory  ·  SALTUS  ·  C. K. Walker et al.

2026 2030 2034 2038 2042 2046 2050

Ground-

Based

Observatories

ESO ELT  (39 m  ·  First light 2029)  —  NIR characterisation  ·  biosignature reconnaissance  ·  contamination 

GMT  (25 m  ·  ~2030)  —  NIR reconnaissance  ·  target candidate lists  ·  stellar activity monitoring

Space

Observatories

Nancy Grace Roman  (~2027)  —  statistical transit surveys  

·  occurrence rates  ·  target catalogues

Habitable Worlds Observatory  (~2040s)  —  

UV/optical direct imaging  ·  reflected-light 

spectra

Target 

Selection

& Science 

Prep

Ongoing: biosignature theory  ·  stellar activity modelling  ·  molecular line cross-sections  ·  community target selection

1.5 m LEO Demo

  (Public-Private)

20 m LEO Demo 

(Public-Private)

40 m SALTUS Development

Ad Astra (NASA)
Science Operations (5+ yr prime)

Launch
2028

Launch
2032

Launch

2037

SALTUS Development Roadmap

JWST  —  NIR/MIR atmospheric characterisation  ·  biosignature 

reconnaissance  ·  target selection & prioritisation
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