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Biosignatures

• “Biomarkers” appearing in literature by early 
1970s (Rho et al.  1973, “A search for porphyrin 
biomarkers in nonesuch shale and extraterrestrial 
samples”)
Typically in context of past life on Earth, with later 
expansion to consider life on other solar system 
bodies

• “Astrobiological exploration is founded upon 
the premise that signatures of life 
(biosignatures) encountered in space will be 
recognizable.”  (2003 NASA Astrobiology 
Roadmap)



Technosignatures

“If we can find technosignatures—evidence of 
some technology that modifies its  
environment in ways that are detectable–then 
we will be permitted to infer the existence, at 
least at some time, of intelligent technologists. 
As with biosignatures, it is not possible to 
enumerate all the potential technosignatures of 
technology-as-we-don’t-yet-know-it, but we  
can define systematic search strategies for 
equivalents of some 21st century terrestrial 
technologies.

Jill Tarter (2007)
Technosignatures and the Decadal Survey
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Visible Wavelengths
Electromagnetic Technosignatures

L⊙ = 4 ⨉ 1033 erg/s

Assume peak luminosity 
similar to Sun, at yellow-green 
light, l ~ 550 nm

hc/l = 3.6 ⨉ 10−12 erg

N⊙ = (L⊙ /(hc/l))/(4pR2) ~ 1.6 ⨉
1021 photons/s/cm2

N(10 pc) ~  104 photons/s/cm2

Ø … or 1 photon/cm2 every 10 
µs

• Sky is dark on 
nanosecond time 
scales
Only 1 photon/cm2

every 10 µs from 
typical star

• but …
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Visible Wavelengths
Electromagnetic Technosignatures

Sky is dark on nanosecond time scales, but …
Only 1 photon/cm2 every 10 µs from typical star

Femtosecond lasers are routine today

(Solanpää & Esa Räsänen 2018, 
“Control of Rydberg-state population 

with realistic femtosecond laser 
pulses,” Phys. Rev. A)
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Radio Wavelengths
Electromagnetic Technosignatures

Terrestrial radio signals have orders of magnitude 
narrower bandwidths than natural signals

~ 5 kHz
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Credit: National Academies

+ VLA expansion

+ VLBA
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https://sites.nationalacademies.org/DEPS/astro2020/
Astro2020
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Astro 2020 Statement of Task

• Agreed to by the National Academy of Sciences, NASA, NSF, and DOE.  The 
Statement of Task is the governing document for the Astro2020 Decadal Study.

• The National Academies of Sciences, Engineering, and Medicine shall convene 
an ad hoc survey committee and supporting study panels to carry out a decadal 
survey in astronomy and astrophysics. The study will generate consensus 
recommendations to implement a comprehensive strategy and vision for a 
decade of transformative science at the frontiers of astronomy and astrophysics. 
The committee, with inputs from study panels covering the breadth of astronomy 
and astrophysics, will carry out the following tasks:

1. Provide an overview of the current state of astronomy and astrophysics 
science, and technology research in support of that science …;

2. Identify the most compelling science challenges and frontiers in astronomy 
and astrophysics, which shall motivate the committee’s strategy for the future;

3. Develop a comprehensive research strategy to advance the frontiers of 
astronomy and astrophysics for the period 2022-2032 …;

4. Utilize and recommend decision rules …;
5. Assess the state of the profession ….



Science White 
Papers
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Science White Papers

“White papers should:
1. Identify scientific opportunities and compelling scientific 

themes for the coming decade, particularly those that have 
arisen from recent advances and accomplishments in 
astronomy and astrophysics;

2. Describe the scientific context of the importance of these 
opportunities, including connections to other parts of 
astronomy and astrophysics and, where appropriate, to the 
advancement of our broader scientific understanding;

3. While focusing on science, not specific missions or 
projects, describe and quantify the key advances in 
observation,   measurement, theory, and/or computation 
necessary to realize the scientific opportunities within the 
decade 2020-2030 and beyond.

Technosignatures and the Decadal Survey
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From "New Worlds, New Horizons for RMS,” N. Evans
Science White Papers
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Thematic Areas
Science White Papers

• Planetary Systems
• Star and Planet Formation
• Stars and Stellar Evolution
• Formation and Evolution of Compact Objects
• Resolved Stellar Populations and their 

Environments
• Galaxy Evolution
• Cosmology and Fundamental Physics
• Multi-Messenger Astronomy and 

Astrophysics
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Astro2020 Science White Papers

Searches for Technosignatures in Astronomy and Astrophysics - J. Wright et al.
Technosignatures in Transit - J. Wright et al.
Technosignatures in the Thermal Infrared - J. Wright et al.
The radio search for technosignatures in the decade 2020–2030 - Margot et al.
A Technosignature Carrying a Message Will Likely Inform us of Crucial Biological 
Details of Life Outside our Solar System - Lesyna
Observing the Earth as a Communicating Exoplanet - DeMarines et al.
Searching for Technosignatures: Implications of Detection and Non-Detection -

Haqq-Misra et al.
The Promise of Data Science for the Technosignatures Field - Berea et al.

White papers that mention technosignatures in the body of the white paper
• The Virtues of Time and Cadence for Pulsars and Fast Transients - Lynch et al.
• Radio Time-Domain Signatures of Magnetar Birth - Law et al.

Activity, Project and Community (APC) Notice of Intent
“state of the field of technosignatures” - J. Wright et al.
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a.k.a. people charged with writing the final report …
Astro2020 Steering Committee

Fiona A. Harrison, Co-Chair California Institute of Technology

Robert C. Kennicutt, Jr., Co-Chair University of Arizona and Texas A&M University

Julianne Dalcanton University of Washington

Pieter van Dokkum Yale University

Andrew S. Driesman Johns Hopkins University Applied Physics Laboratory

Jonathan J. Fortney University of California, Santa Cruz

Gabriela González Louisiana State University

Jordan A. Goodman University of Maryland

Marc P. Kamionkowski Johns Hopkins University

Bruce A. Macintosh Stanford University

Jacobus M. Oschmann International Society for Optics and Photonics (SPIE)

Rachel A. Osten Space Telescope Science Institute

Lyman A. Page, Jr. Princeton University

Eliot Quataert University of California, Berkeley

Wanda A. Sigur Lockheed Martin (ret.)

Rachel Somerville Flatiron Institute/Rutgers University

Keivan G. Stassun Vanderbilt University

Jean L. Turner University of California, Los Angeles

Tim de Zeeuw Leiden University

Ellen G. Zweibel University of Wisconsin, Madison
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Breaking News!
Astro2020 Panel Structure Announced

Program Panels
• Electromagnetic Observations 

from Space 1
• Electromagnetic Observations 

from Space 2
• Optical and Infrared 

Observations from the Ground
• Radio, Millimeter, and Sub-

millimeter Observations from the 
Ground

• Particle Astrophysics and 
Gravitation

• An Enabling Foundation for 
Research

Science Panels
• Cosmology
• Galaxies
• Interstellar Medium and Star 

and Planet Formation
• Stars, the Sun, and Stellar 

Populations
• Compact Objects and 

Energetic Phenomena
• Exoplanets, Astrobiology, 

and the Solar System

State of the Profession Panel
State of the Profession and Societal Impacts
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APC white papers

• Activities and Projects
– Key science goals and objectives
– Technical overview
– Technology drivers
– Organizations or partnerships and 

current status
– Schedule
– Cost estimates

• State of the profession 
considerations
– Key issue 
– Overview of its impact on field
– Strategic plan
– Organizations or partnerships and 

current status
– Schedule
– Cost estimates

Activity, Project, and State of the Profession 
Consideration White Papers

Categories
• Space-Based Projects

– Small: <$500M
– Medium: $500M -- $1.5 B
– Large: >$1.5B

• Ground-Based Projects
– Small: <$20M
– Medium: $20M -- $70M
– Large: >$70M
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Technosignatures and the Decadal Survey

• Searches for technosignatures are natural 
extension of search for biosignatures

• Astro2020 Decadal Survey underway(!)
• Science White Paper call generated 8 + 2 

responses
vs. 1 white paper for Astro2010

• APC white papers due July 10
• Structure announced, panel membership 

imminent(?)


