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time is money, fast deliver is mandatory




strategic vs commercial paradigm

geopolitical influence, no risk, no
iIncentive to bring down cost

make money, low cost, risk openess

military advantage

quality of life, wellness, proportional to
Innovation

need new invention

allow new Invention

Technological development is pushed

Technological development is pulled

single missions but distributed
procurement, artisanal production

constellation, vertical integration, scale
production

timing is not a driver

time is money, fast deliver is mandatory




public funding pros & cons

basic science missions are possible

single missions, sometime high risk

funding more stable than in private sector

intrinsically limited funding: ESA-NASA
budgets

spin-off possible

limited incentives for spin-off, reduced
efficiency in innovation, difficulty in hiring
best personnel, hierarchical organization of
research teams, complexity of
administrative procedures

possiblility to exploit synergies with
strategic programs, military
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metrics for science mission success
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NASA Missions
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NASA vs EU science missions 2000-2030

NASA Missions
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toward new ambitious but affordable science missions
also in EUROPE

applying the CubeSat, Explorer, Pioneers approaches to larger
spacecraft

two main steps:
* a broader funding base

* InNnovation



broadening the funding base

private investors:
* advertising their activities;

e profit opportunities in activities such as planetary protection, or
exploration of Moon, Mars and Asteroids for resource prospecting,
Or using science mission to test advanced technologies;

* buy knowledge
philanthropic foundations

public-private partnerships as in e.g. NASA Commercial Orbital

Transportation Services (COTS) and Commercial Lunar Payload
Services (CLIPS)

inter-governmental organizations like the European Commission



Innovation

* make the requirements smart, where you end Is not where you start. iterative
approach to achieve the main science goal, during which the science
requirements are continually challenged and gquestioned, with rapid iteration
at each step of the development process

* before looking for complex technical solutions we must be sure they are really
necessary to reach our main scientific objectives

» exploit as much as possible vertical integration and scale production,
commercial buses:

e starshield
e https://www.k2space.com/
e https://www.apexspace.com/
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Approaches to lowering the cost of large space telescopes
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Ewan S Douglas?®, Greg Aldering®, Greg W. Allan®, Ramya Anche?®, Roger Angel®, Cameron C.
Ard?, Supriya Chal_qab(utl , Laird M. Close?, Kevm Derby?, Jerry Edelstem ~John Ford?,

. ‘ The Enc and Wendy Schmade
The Lazuli Space Observatory "0' Observatory
. Svstem
Widefield Context

Telescope

Camera (WCC)

Diameter: 3m ] A Imaging: Diffraction limited ot 633nm

Design: 0ff-axis TMA : L Sensors: 23 large format CMOS sensors

* FoV: 35'x 12

Filters: Broad + narrow band, covering 350-1000nm

Control: Active Jitter & Alignment Control

Integral Field ] A N
Spectrograph (IFS) & Jh~ ExtraSolar
Wavelength range: 400-1700nm ™ (oronogrnph (ES()

Spectral resolution: 100-500 R Method: Focal plane vector-vortex coronographs

Two parallel fields: . Wavelength range: 400-750am
* Narrow: 2.3x4.6" FoV sompled ot 40mas/pix Wavefront control: Active deformable mirrors

o Wide: 4.6x8.8" FoV sampled at 80mas/pix Contrast: 10%-10° (post processed)
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Argus array

Schmidt science

* time domain astronomy
e 1200 telescopes - equivalent to 8m

8000 deg?

* point source sensitivity:
e 1sg=16.8

« Tm g=20.0

e Thr g=22.3

* Tnight g=23.2

* planned 2028




adapt smallsat (cubesat, explorer missions)
to enable large basic science missions
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adapt smallsat (cubesat, explorer missions)
to enable large basic science missions

Pioneer program: enabling
cost-effective, but impactful,
science missions.

Pandora "X

AL |
0.45m ONIR telescope provided by LLNL s/ A
for photometric & spectroscopic ¢
observations. S/C provided by Blue

Canyon - ~20M$. Launch 2026 Jan 11 (



https://www.apexspace.com/order-now

adapt smallsat (cubesat, explorer missions)
to enable larae basic science missions

ESCAPADE

Escape and Plasma Acceleration and
Dynamics Explorers

2 S/C to be operated in Mars

orbit, manufactured by Rocket
Lab: <80M$. Launch 2025, Nov 13


https://www.apexspace.com/order-now

NASA Pioneers program

« PANDORA
« ASPERA
e StarBurst



NASA Pioneers program

ASPERA: WHIM mapping
using OVI line

UV spectrograph from
UArizona

spectral resolution
<0.07nm

spatial resolution<1arcmin
FoV 60arcmin x 0.5 arcmin

S/C UTIAS SFL (Canada)
DEFIANT, 60kg

20M$ total cost

launch Q1 2026 on Rocket
Lab Electron




NASA Pioneers program

StarBurst: GRB and EM counterparts of
GE events

Gamma-ray spectrograph provided by
NRL

collecting area GBM x 5; 12 12 CsI(TI) read
out by SIPM;

30-1000 keV

S/C UTIAS SFL (Canada) DAUNTLESS,
300kg

20M$ total cost
launch 2025 on SpaceX F9




HOMEPAGE » EVENTI »

PRESENTAZIONE DELLE CARROZZE INDUSTRIALI PER
LA PARTECIPAZIONE AL BANDO INAF PER LA “PICCOLA
MISSIONE SCIENTIFICA NAZIONALE”

« Tutti gli Eventi

Presentazione delle carrozze industriali per

la partecipazione al bando INAF per la
“Piccola Missione Scientifica Nazionale”

13 Febbraio
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strategic vs commercial paradigm

* most space astrophysics has been funded so far by Governments
under the strategic paradigm with ‘€lear connection/synergies with
military programs. many examples:

« HST shares common design with NRO KH-11 Kennen
 Roman uses a 2.4 primary mirror donated by NRO

* NIR/IR detector developer for military purposes

o Swift fast repointing developed by military

o JWST segmented berillum primary mirror developed jointly by

NASA & DoD: Advanced Mirror System Demonstrator (AMSD)
program



Feature JWST Implementation Military Synergies Examples/Impacts
Enables compact, high- Used in EO/IR sensors for UAVs
Lightweight |Gold-plated segments for performance optics in drones, |(e.g., Predator drones); DoD
Beryllium 25.4 m? collecting area; satellites, and aircraft; X-ray |satellites for missile warning.
Mirrors stable at cryogenic temps. |transparency aids secure Enhances stealth via lighter
comms. designs.
e (Critical for high-altitude or  |Misslle seekers (e.g., AIM-9X
: Maintains shape at 30-50 K; Sidewinder); space-based infrared
Cryogenic . . space-based IR sensors L

g low thermal distortion for . . . systems (SBIRS) for ballistic

Stability . . detecting heat signatures in - L
precise alignment. . missile defense. Improves reliability
extreme environments. . . .
INn hypersonic scenarios.
Segmented/ |18 segments with actuators Supports scalable, folldable Adaptive optics in military
. . . optics for small satellites or  |telescopes (e.g., ground-based
Deployable for on-orbit phasing; survives . _
Desi L deployable arrays in contested|laser systems); future deployable
esign launch vibrations. . .

orbits. surveillance sats..

. . Enables real-time wavefront |Laser weapon systems (e.g.,
Precision 1132 actuators total; aligns to |, -0 i i dynamic HELIOS): gimbal-stabilized EO/IR
Actuation & [<25 nm rms surface error . . . . .

. environments like airborne turrets on ships/aircraft. Boosts
Alighment post-deployment.

targeting.

accuracy in electronic warfare.




Feature JWST Implementation Military Synergies Examples/Impacts

high- Used in EO/IR sensors for UAVs
LIOUEHS DUy e e s in drones, |(e.g., Predator drones); DoD
19906 elliptical (S raft; X-ray |satellites for missile warning.
8x4 . 5m design secure Enhances stealth via lighter
designs.

Missile seekers (e.g., AIM-9X
Sidewinder); space-based infrared
. systems (SBIRS) for ballistic
natures In N L
missile defense. Improves reliability
ents. . . .
Inner Baffle INn hypersonic scenarios.

itude or
BNSOrS

, foldable  |Adaptive optics in military

tellites or  |telescopes (e.g., ground-based
in contested|laser systems); future deployable
survelillance sats..

wavefront |Laser weapon systems (e.g.,

Space

Support Module mic HELIOS); gimbal-stabilized EO/IR
i airborne turrets on ships/aircraft. Boosts
Module accuracy in electronic warfare.

Instrument




JWST Implementation Military Synergies Examples/Impacts

| high- Used in EO/IR sensors for UAVs
Double Sun Shield I all s in drones, |(e.g., Predator drones); DoD

1996 elliptical (S
8x4.5m design

Inner Baffle
X >
\
Space ' .
Support Module )
Science airborne turrets on ships/aircraft. Boosts

Instrument

Module accuracy in electronic warfare.



