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TechPort: https://techport.nasa.gov/dashboards
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SBIR Astrophysics Technology Highlight
September 3, 2024



Why Do We Need This Workshop? 
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Habitable Worlds 
Observatory
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Speed of Implementation (Schedule)
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Launched on Apr 24, 1990 -  18 years later

Launched on Jul 23, 1999 -  17 years later

Launched on Aug 25, 2003 -  12 years later

Launched on Dec 25, 2021 -  20 years later

TBL on May 2027 -  17 years later

TBL on 2040 -  20 years later

(1) Schedule: Long Life Cycle of Development and Implementation 

~17 years for Flagships 
~20-30 years for components (e.g., detectors, optical elements) 



(2) Large Cost of 
Astrophysics 
Missions

• “I’m not interested in estimating the 
precision of the cost of future Astrophysics 
missions and instrumentation; I’m only 
interested in lowering their costs” 

• Paul Hertz, Past NASA HQ 
Astrophysics Director, circa 2013 
(NAC Astrophysics Subcommittee 
meeting) 
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• “Why Astrophysics flagship missions are 
so expensive?” 

• Thomas Zurbuchen, Former NASA 
Associate Administrator for Science 
Mission Directorate, circa 2018. 



(3) Exquisite Performance: 
Astrophysics Technology Requirements

Demanding Requirements:
• S/C and/or Payload 

Ultrastability
• High Contrast Imaging
• Optics and Detectors:

• Large Format
• Spectral Resolution
• High Dynamical Range
• Zero Persistence
• Negligible Noise 
• Fast Readouts

• Thermal Demands
• Zero Contamination 12
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Astrophysics’ Uniqueness
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The Uniqueness and Exceptionalism of 
Space-Based Observational Astrophysics

NASA Astrophysics addresses the most difficult and profound questions about the nature 
and origin of the Universe and is seeking life outside our Solar System.

Astrophysics is a photon-starved discipline, demanding exquisite performance from all 
systems and subsystems utilized in on-sky observation and detection.

Current astrophysical science and technology requirements are exquisite and highly 
demanding (e.g., search for life, dark matter, dark energy) that makes them enabling for 
astrophysical research but enhancing for the rest of other sciences and applications.
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Challenge 
and Path 
Forward

“None of the obstacles to 
reach the next level of 
detection in observational 
astrophysics are 
astrophysical in nature; 
they are technological in 
nature.”
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Connection of Observational 
Astrophysics and Technology
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“Groundbreaking 
discoveries in 

astrophysics are directly 
related to advancements 

in technology.” 

Corollary: Lack of 
investments on 

technologies will impact 
negatively science 

achievements.   



The Urgent Need of Innovation and Better 
Practices

• In the efforts of lowering the cost of space missions, innovation is 
not an option; it is required to break the current paradigm of 
practices and status-quo.   

• Innovation initiatives should be a unified and focused effort by 
academia, industry and government laboratories. 

• “For a great many (space) missions, we should be able to 
reduce cost by a factor of 5 to 10, while maintaining high 
reliability and reducing fragility and vulnerability. If, instead, we 
continue with business as usual, we simply don’t have enough 
money to do the things that we need to do and want to do in 
space.” (taken from “Methods for Achieving Dramatic Reductions in Space Mission Cost” by J. R. Wertz 
et al., 2011, AIAA, https://smad.com/wp-content/uploads/2018/09/Cost-Reduction-paper.pdf)
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https://smad.com/wp-content/uploads/2018/09/Cost-Reduction-paper.pdf


Cosmic Discovery 
by Martin Harwit (1981)

“When I wrote Cosmic Discovery, I wanted to dispel 
two mystiques. The first was that advances in 
astrophysics came about as a result of theoretical 
insight; the second was that further advances 
would require the building of ever-larger optical 
telescopes. The only way I could show that neither 
was relevant was to document the [often] surprising 
discoveries brought about by small radio, infrared, 
x-ray, and gamma-ray telescopes. Neither theory 
nor large optical telescopes had delivered anything 
like these novel technologies.”
- Physics Today, Q&A with Martin Harwit, 10 October 2014
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Cosmic Discovery (1981) 
by Martin Harwit 
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“Progress in astronomy is largely driven by 
advances in technology. Yet, only a tiny 
fraction of the worldwide investment in 
technology directly targets the needs of 
astronomy, so astronomers must seek to 
leverage and harness technology 
advancements made for other purposes.” 
• Jonas Zmuidzinas (2020), Caltech Professor
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A Royal Opinion
Sir Martin Rees, UK Astronomer Royal

“But it is important to emphasize that 
progress will continue to depend, as it has 
up till now, ninety-five percent on 
advancing instruments and 
technology—less than five percent on 
armchair theory, but that theory will be 
augmented by artificial intelligence and 
the ability to make simulations.”

(Taken from “Towards a New Enlightenment? 
A Transcendent Decade” by Martin Rees, 
2019)

21



Astrophysics Innovations
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Innovation

“The electric light bulb 
did not come from 
continuous improvement 
of candles” 
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WORKSHOP
Emerging Technologies for 

Astrophysics Missions
(invitation only)

March 25-27, 2025
NASA Ames Conference Center 

Mountain View, CA
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Emergent Technologies in Astrophysics

Astrophotonics 
(as applied to spectroscopy and 

imaging)

Artificial Intelligence 
and Machine Learning 

Algorithms 
(for technology development)

Quantum 
Technologies

 (sensing, imaging, calibration)

Advanced Materials 
(meta-materials, 

nanofabrication, additive 
manufacturing, composites)
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Emerging Technologies for Astrophysics Missions
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“In the search for life, we are going to need nearly 
perfect detectors. Superconducting detectors are 
not perfect, but they are closer in their noise 
performance than semiconductor detectors.”

•Bernard Rauscher, NASA GSFC Scientist and Technologist (2024)

•Quantum Sensing
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2025 – International Year of Quantum Science 
and Technology (IYQ)
• The United Nations has 

declared 2025 to be 
the International Year of 
Quantum Science and 
Technology (IYQ) to 
celebrate 100 years of 
quantum mechanics.
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January 2025
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Others Areas of Innovation for Astrophysics 
(not included in this workshop)
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Solid State 
Refrigeration

Electric 
Propulsion- 

Microthrusters

Optical 
Communications 

Space Assembly 
and 

Manufacturing

Advanced 
Cryogenics



Future Opportunities and Challenges
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From Innovation to Infusion
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Astrophysics Technology Lessons
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Astrophysics Technologies Uniqueness
Lessons Identified
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Innovation to Infusion – 
long cycles of more than 
20 years for technology 

infusion

Management of 
Technology Grants – 

needs active 
management and 

contacts

“Failure is an Option” – 
technology programs 

should be experimental 
with some risks

NASA Internal versus 
External Technology 

Scope – constant tension, 
no final answer

Experimental 
Astrophysicists are Closer 
to the Science – unique 
feature in astrophysics

Critical Role of Innovation 
in Astrophysics – A way to 
reduce cost, schedule and 

increase performance

Broad Scope of 
Astrophysics Technology 

Gaps – Exquisite 
requirements make 
astrophysics unique

Importance of System 
Engineering – Crucial in 

the design and 
implementation of new 

missions

The Duty of Broadcasting 
and Promoting 

Technology Gaps – There 
is merit in informing the 

community



Deliverables & Path Forward
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What this Workshop is and is NOT
• Not to create more R&D activities
• Not to blame anyone or anything for our challenges
• Not to solve concrete problems, but to identify applications
• Not to find or create reasons why these technologies are impossible
• Not to give up on trying new and innovate solutions for future astrophysics missions

• Yes, to move disruptive ideas to a higher technology readiness level (TRL)
• Yes, to push innovative solutions on their path to mission infusion
• Yes, to experimentation and prototyping solutions
• Yes, to testbeds tinkering 
• Yes, to true technological breakthroughs
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• Partner with OGAs & Industry

• Path Forward:
• Add to current 

solicitations
• Create new 

solicitations for 
Emerging 
Technologies

• Share within NASA • Broadcast Results

• REPORT TO 
ASTROPHYSICS 
DIVISION (April-
May)

DELIVERABLES
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The End


