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will it be possible in the future to realize large, complex, basic science missions 
like HST, Chandra and JWST? If yes, How?

space-related investments have grown exponentially in recent years, exceeding 
$0.5 trillion in 2023, when private investment surpassed government investment 
for the first time 

can space science take advantage of the benefits of the new space economy to 
reduce cost and development time and at the same time succeed in producing 
powerful  missions in basic science?



NASA cuts
FY2024 
Enacted

FY2027 
President 

budget 
request

FY2026 
Senate CJS 

Report

FY House 
CJS Report

House report 
change from 

FY2024
Science total 7300 3907 7300 6000 -18%

Astrophysics 1530 523 1605 1485 -3%
Planetary 
science 2717 1891 2552 2500 -8%

Heliophysics 805 433 887 625 -22%

Earth 
science 2195 1036 2166 1325 -40%

STEM 143 0 148 0 -100%
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science the endless frontier
the birth of the American scientific vision

• Vannevar Bush, director of the Office of Scientific Research and Development 
(OSRD) the organization that managed all research and development activities 
during the war, including the Manhattan Project and the invention of radar


• the starting poing of the report: SCIENTIFIC PROGRESS IS ESSENTIAL  (capital 
letters)


• ..progress in the fight against disease depends on the flow of new scientific 
knowledge. Responsibility for medical research, which is fundamental in the fight 
against disease, lies with medical schools and universities, which must be 
financed for the most part directly by the government


• ..full employment can be achieved through the creation of many new businesses, 
but these must be based on new principles and new concepts, which in turn 
derive from basic scientific research



science the endless frontier
the birth of the American scientific vision

• ..basic research is scientific “capital.” The real reservoir for the production of new 
scientific knowledge … is the number of trained scientists available


• ..establish a new “agency” to achieve all these goals. The new agency should 
have stable funding so that long-term programs can be undertaken. The agency 
must recognize the importance of preserving freedom of research. Government 
funding of basic research is the “pacemaker” of technological progress


• the report led to the creation of the National Science Fundation in 1950. The 
latest budget (2025) was 8 billion $ for basic research (e.g. LIGO, Vera Rubin, 
Gemini, Kitt Peak, NRAO (JVLA, ALMA…) etc. etc.


• https://www.nsf.gov/about/history/vbush1945.htm 

• 2025: Trump administration proposes to cut this budget in half (nearly zeroed 

astrophysics)



outline

• basic science from space


• the new space economy


• public funding: pros and cons for large missions, metrics for science mission 
success


• toward a new generation of ambitious and affordable space science missions


• conclusions



main astrophysics themes emerged in the past 25 years

• exoplanets

• black holes - galaxy scaling relations - black hole direct imaging

• the accelerated expansion of the Universe 

• multimessenger astrophysics 


• 11 Nobel Prizes in the past 14 years: S. Perlmutter, B. Schmidt, A. Riess, R. 
Weiss, B. Barish, K.Thorne, M. Mayor, D. Queloz, R. Penrose, R. Genzel, A. Ghez

basic science from space



• the four themes were NOT among the  main science drivers for 
NGST/JWST

• instead, in the Decadal report “Astronomy and Astrophysics in the 
New Millennium” one reads that:  NGST “is designed to detect light 
from the first stars and to trace the evolution of galaxies from their 
formation to the present. It will revolutionize understanding of how 
stars and planets form in our galaxy today… thanks to  Kuiper Belt 
objects (KBOs) in our solar system, the formation of stars and planets 
in our galaxy, and the dust emission from galaxies out to redshifts of 
3”…

basic science from space



• JWST is doing a great job on all 4 main themes! it was designed to 
be a multipurpose observatory that pushes the sensitivity by orders 
of magnitude with respect to previous or contemporary facilities, 
opening up new “discovery space”


• this did not come for free:

• cost: $10 b (cannibalization of other astrophysical programs, e.g. 

BE)

• develpment time: 23 years

• complexity/risk
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• Astro 2020 decadal survey recommended as its highest-priority a “large (~6 m 
aperture) infrared/optical/ultraviolet (IR/O/UV) space telescope” (now called 
the Habitable Worlds Observator, HWO), with a deployment date slated for 
sometime in the 2040s and at an estimated cost of $11 B

• by the time of HWO launch, somewhere in the next 20-25 years, new 
scientific themes are likely to emerge, and exoplanets may fade in relative 
importance. Will the discovery space of HWO be large enough to 
accommodate other breakthrough discoveries, as for JWST?

• would NASA and ESA be willing or able to embark on a new JWST-scale 
project?

basic science from space



• in April 2024 NASA paused the original JPL-led Mars Sample Return project


• in July 2024 NASA ended the Moon VIPER rover project


• Can HWO and Artemis (and MSR) coexist?


• One alternative to expensive, multipurpose observatories is to have multiple 
dedicated missions:


• ESA Gaia, Euclid, NASA Probes, Explorer program

basic science from space
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the new space economy



business in space is enabled by resources

Standard, literature scheme:

• location is a key resource, today by far the most important

• solar light is a second obvious resource

• materials will (may)be important resources on mid/long timescales


This misses a crucial point! 
• knowledge enables harvesting all other resources!!!

… and basic science researchers are the best suited to 
produce knowledge useful for space enterprises



innovation paradigm: three main pillars

• technology innovation, proceeding through both disruptive innovation and 
incremental innovation Gartner hype cycle



innovation paradigm: three main pillars

• technology innovation, proceeding through both disruptive innovation and 
incremental innovation

• business innovation, defined as vertical integration, scale production and 
service oriented business model

• cultural innovation. Startups must have a bold-risk culture, which manifests in 
risk openness project management models, for example the Agile 
methodology, which breaks projects into several “sprints” and delivers a 
Minimum Viable Product (MVP) at the end of each sprint



strategic vs commercial paradigm
geopolitical influence, no risk, no 
incentive 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



strategic vs commercial paradigm

• most space astrophysics has been funded so far by Governments 
under the strategic paradigm with clear 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
• Swift fast repointing developed by military
• JWST segmented berillum primary mirror developed jointly by 

NASA & DoD: Advanced Mirror System Demonstrator (AMSD) 
program  
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Feature JWST Implementation Military Synergies Examples/Impacts

Lightweight 
Beryllium 
Mirrors

Gold-plated segments for 
25.4 m² collecting area; 
stable at cryogenic temps.

Enables compact, high-
performance optics in drones, 
satellites, and aircraft; X-ray 
transparency aids secure 
comms.

Used in EO/IR sensors for UAVs 
(e.g., Predator drones); DoD 
satellites for missile warning. 
Enhances stealth via lighter 
designs.

Cryogenic 
Stability

Maintains shape at 30–50 K; 
low thermal distortion for 
precise alignment.

Critical for high-altitude or 
space-based IR sensors 
detecting heat signatures in 
extreme environments.

Missile seekers (e.g., AIM-9X 
Sidewinder); space-based infrared 
systems (SBIRS) for ballistic 
missile defense. Improves reliability 
in hypersonic scenarios.

Segmented/
Deployable 
Design

18 segments with actuators 
for on-orbit phasing; survives 
launch vibrations.

Supports scalable, foldable 
optics for small satellites or 
deployable arrays in contested 
orbits.

Adaptive optics in military 
telescopes (e.g., ground-based 
laser systems); future deployable 
surveillance sats..

Precision 
Actuation & 
Alignment

132 actuators total; aligns to 
<25 nm rms surface error 
post-deployment.

Enables real-time wavefront 
correction in dynamic 
environments like airborne 
targeting.

Laser weapon systems (e.g., 
HELIOS); gimbal-stabilized EO/IR 
turrets on ships/aircraft. Boosts 
accuracy in electronic warfare.
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strategic vs commercial paradigm
Geology

• large energy oil and gas companies have financed most of the extensive and 
costly drilling in the US (>4millions oil wells, >10trillion$)


• data  (drill bits, logs etc.) public >2-5yr from drilling

• often “in-kind” to balance the exchange: public entities offer free expertise in 

exchange for data. This reduces costs for private entities (~20-30% in R&D) 
and accelerates research


• crucial subsurface data for understanding the structure and geological history 
of the continent:  plate tectonics, mapping structures such as faults and 
sedimentary basins
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launch cost

1ton=200k$ 10ton=2M$ !!!!!



launch cost

• the starship revolution will not be limited to cost to orbit. Starship 
performance will make it unnecessary to spend time and 
resources to minimize mass and size, which will change the way 
not only how the satellites will be built but, more importantly, how 
the missions are architected.



satellite cost

Satellite Multi
plicit

Weight kg Cost M$ Cost M$/kg
JWST 1 6500 9000 1.4
Europa clipper 1 6000 5200 0.9
Euclid 1 2000 1510a 0.76a

IXPE (SMEX) 1 330 138 0.42
HERMES-PF 3U 6 6 0.86a 0.144a

Standard 3U CubeSat 5 0.1-0.4 0.02-0.08
Planet Lab 3U 100 5.2 ~0.1-0.4* 0.02-0.08
Skysat 10 110 ~3.5* ~0.032
Starlink1 1000 260 ~0.25* ~0.001
Starlink 2 mini 1000 730 ~0.8* ~0.0011
Starlink 2 1000 1500 ~1.2* ~0.0008



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

possibility to exploit synergies with 
strategic programs, military
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standard science mission cost driven by
• pushing scientific requirements to extremes with little regard 

for engineering realities
• minimizing  launch mass and volume because of high launch 

costs and limited fairing volumes produces more complex 
engineering solutions,  i.e. JWST's "origami" unfolding

• use of space qualified parts
• failure is not an option leads to large numbers of quality 

control procedures to reduce the risk of failure. ESA ECSS 
foresees >15000 requirements for standard missions, mostly 
on quality standards

• quasi-monopoly suppliers



the cubesat example
• miniaturization

• standardization of hardware 

components, using COTS 
components, use of flight proven 
EEE instead of radhard EEE.


• reduced cost of manpower in 
Universities and research institutes


• less demanding quality control 
procedures

so far CubeSats have not been able to take advantage of two key 
elements of cost reduction: production at scale and vertical integration

CSWWE 2012



toward new ambitious but affordable science missions

applying the CubeSat & Explorer approaches to larger spacecraft


two main steps:


• a broader funding base


• innovation



broadening the funding base
• private investors:
• advertising their activities; 
• 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 questioned, 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:
• starshield
• https://www.k2space.com/
• https://www.apexspace.com/

https://www.k2space.com/
https://www.apexspace.com/


science goals:

• spectrophotometry of type1a SN

• high contrast imaging of sub-neptune 

planets around nearby stars

engeeniring constraints

• use fairing of Starship, 6.5m

• use Mirror Lab 6.5m light-weighted

• borosilicate honeycomb mirror

• adapt smallsat concepts to enable larger 

satellites

Eu
cli

d Ro
m

an



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

• bus ~10MEur

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

• P/L up to 150kg ~10MEur

• system engineering & system AIT 

~10MEur

• launch ~10MEur

• precursos, GS, operations and margings 

~10MEur

• Total 50MEur

https://www.apexspace.com/order-now
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2 spacecrafts to be operated in 
Mars orbit manufactured by 
Rocket Lab: <80M$

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


where to start? back to the Moon!

• 130 missions so far, 13 currently operational, >40 in the next 
5-10 years


• public-private engagement

• global interest: Artemis, ILRS but also India, Japan, Korea, 

UAE, Australia, Israel, Brazil, SA etc..

• Lunar economy moves $8-10B/year CSIS report 2024

 https://csis-website-prod.s3.amazonaws.com/s3fs-public/
2024-10/241021_Swope_Swimmimg_Upstream_0.pdf 
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metrics for science mission success

riq = tori/yso
tori = ∑

n
1/ar a is the number of authors of each citing paper and r 

is the number of references of the citing paper


