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Technosignatures, SETI, and extraterrestrials, 
oh, my
Data-Driven Approaches to Searches for the 
Technosignatures of Advanced Civilizations 
(W. M. Keck Institute for Space Studies)

Applications to the Transient and Variable Sky
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Search for Extraterrestrial 
Intelligence (SETI)
¿ How to define or determine 

“intelligence” among 
terrestrial species?

H. sapiens (humans), P. 
troglodyte (chimpanzees), 
dolphins, …

v Key element is detection over 
interstellar distances
No radio transmissions from 
ancient Romans, Mayans, …

Signatures of Extraterrestrial Technology I
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• Technosignature = signature of 
technology

Can address fundamental question in 
biology---evolution of complex life

• Biosignature = signature of biology
Algae or zebras?

Signatures of Extraterrestrial Technology II
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Meadows & 
Roberge
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• Technosignature = signature of 
technology

Can address fundamental question in 
biology---evolution of complex life

• Biosignature = signature of biology
Algae or zebras?
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• Extrasolar planets!
– 5000+ extrasolar planets known
– ~ 25 potentially habitable extrasolar 

planets 
Liquid water on surface and exposed to light 
of host star (V. Meadows)

• Astronomy data sets approaching / 
exceeding 1 PB (1015 B)

Context

Data-Driven Approaches to Searches for the 
Technosignatures of Advanced Civilizations
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Historically, technosignature 
searches have focused on Earth-
analog technologies

– E.g., radio beacon
– Clear risk that human-centered ”bias” 

results in missing technosignatures
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Notable discoveries in science 
result from enlarging volume of 
parameter space searched

CP1919 (a.k.a. PSR B1919+21, neé 
L.G.M.1)
viz. M. Schmidt

Data-Driven Approaches to Searches for the 
Technosignatures of Advanced Civilizations
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Observable Parameter Space
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First Law of SETI 
(Technosignature) Investigations:
“Every search for alien 
civilizations should be planned to 
give interesting results even 
when no aliens are discovered.”

F. Dyson
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Data-Driven Approaches to Searches for the 
Technosignatures of Advanced Civilizations
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• All-Sky Surveys
Ø Enormous data sets being/will be generated, multi-wavelength, multi-messenger, time domain

ZTF, Evryscope, VRO LSST, …

• Searches at Radio Wavelengths with Interferometers 
Ø Terrestrial technosignatures (a.k.a. radio frequency interference [RFI]) clear confounding factor
Ø Interferometers enable much more robust discrimination between terrestrial and extraterrestrial 

transmitters

• Mid-IR Sky Survey
Ø No technology is 100% efficient, all will generate “waste heat” that potentially detectable at mid-IR to 

far-IR wavelengths

• Solar System Artifacts
Ø Humanity has five spacecraft on interstellar trajectories
Ø Multiple technological artifacts on surfaces of the Moon and Mars
Ø Multitude of geosynchronous orbit (GEO) spacecraft

Data-Driven Approaches to Searches for the 
Technosignatures of Advanced Civilizations

9Transient and Variable Technosignatures
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• Type II supernovae
– Long-duration gamma-ray bursts 

(the B.O.A.T.)
– Failed core-collapse supernovae

• Type I supernovae
• Kilonovae 
• Active galactic nuclei
• Tidal disruption events
• Main sequence star-compact object 

binaries
• …

... At Visible and Near-IR Wavelengths
Transient and Variable Sources in All-Sky Surveys

Transient and Variable Technosignatures 10
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• “Exploding” a massive star is tough for 
computers

Many simulations, particularly early ones, resulted 
in failed supernovae

• Finding failed supernovae could inform 
black hole formation rate estimates

• Comments on Kochanek et al.
– Data-driven paper?  

As surveys for supernovae “exploded,” possibility of 
finding failed supernovae became “obvious”

– Guaranteed Science!
– Any paper that references publication by A. C. 

Doyle (1892) warrants contemplation

Transient and Variable Sources in All-Sky Surveys
Failed Supernovae

Transient and Variable Technosignatures 11

Kochanek et al. 2008
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• Failed supernovae?
Opportunities in decades-long data sets!

• Secular trends
– “Great Dimmings” a la Betelgeuse?
– Dyson Structures?

Transient and Variable Sources in All-Sky Surveys
Disappearing Stars

Transient and Variable Technosignatures 12
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• All-Sky Surveys
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Ø Interferometers enable much more robust discrimination between terrestrial and extraterrestrial 

transmitters
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Data-Driven Approaches to Searches for the 
Technosignatures of Advanced Civilizations

13



j p l . n a s a . g o v

Exemplar of conducting search 
for outliers
• Lorimer et al. searched around 

SMC for pulses that should not 
have occurred from SMC pulsars

• Detection implied object well 
beyond the Local Group

• Recent award of the Shaw Prize 
(Lorimer, McLaughlin, Bailes)

Searches at Radio Wavelengths
Fast Radio Bursts

Transient and Variable Technosignatures 14Lorimer et al.
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Exemplar of conducting 
search for outliers
What if we considered 
band-limited signal?

Searches at Radio Wavelengths
Fast Radio Bursts

Transient and Variable Technosignatures 15Lorimer et al.
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Klystron operational frequency 
ranges < 10% (= Dn/n)

Radio astronomical receiver 
operational frequency ranges ~ 1

Goldstone Solar 
System Radar

Arecibo 
Observatory

Kickapoo
(AFSSS)

Power 450 kW 900 kW 767 kW
Gain 74.5 dBi 75.3 dBi 35.9 dBi
Effective Isotropic 
Radiated Power 
(EIRP)

12 TW 30 TW 3 GW

Frequency 8.56 GHz 2.38 GHz 0.2 GHz
Bandwidth up to 40 MHz up to 20 MHz ~ 1 Hz
Flux Density @ 10 pc 25 µJy 0.12 mJy 0.25 Jy

Searches at Radio Wavelengths
Fast Radar Bursts?

Transient and Variable Technosignatures 16
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ü Radio wave 
propagation 
through 
plasma

Searches at Radio Wavelengths
Negative Dispersion Measures?

Transient and Variable Technosignatures 17

Gajjar et al.

Not expected(?)
… but could be used to assess systematics
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Decimeter reverse-drift Type II solar radio burst

Searches at Radio Wavelengths
Negative Dispersion Measures?

Transient and Variable Technosignatures 18

Aurass et al.
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Objective: Search nearby stars to 
constrain prevalence of techno-
signatures in the Galaxy

Real-time search algorithm looks for 
narrow-band (7 Hz) signals with 200 
ms time resolution

– Real-time system ingests digital signals, 
creates 1 MHz channels, calibrates, 
beamforms, channelizes, and searches 
data

– COSMIC compute cluster at the VLA has 
24 GPU servers, 2 PB of local storage, 
digital processing rack with 3 FPGA 
servers

VLA/COSMIC
COSMIC on Very Large Array
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Radio Camera

Deep Synoptic Array-
2000

20

• 2000 ⨉ 5 m dishes 
• Hot Creek Valley, Nevada
• Frequency range: 0.7--2 GHz
• Spatial resolution: 3.3ʺ
• Optimized for surveys

First light: 2026
Key surveys: 2027 – 2032
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Volume of increasing interest
Direct imaging of nearby planets, 

NASA’s Habitable Worlds Observatory

DSA-2000 Projected Performance

21

Arecibo 
EIRP

*EIRP = effective isotropic radiated power
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Earth Transit Zone: ET looking 
at Sun would see Earth 
transit, i.e., know terrestrial-
mass planet orbits the Sun

More generally, Sun hosts 
planetary system

DSA-200 offers opportunity to 
test for directed 
transmissions 

Full sky, ~ 8600 antenna fields 
of view

Earth Transit Zone and DSA-2000

Transient and Variable Technosignatures 22
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Solar neighborhood will be of 
considerable interest in next 

25+ years leading to Habitable 
Worlds Observatory

Solar Neighborhood, Biosignatures, Technosignatures

23

Andrew Z. Colvin, Science X,
https://phys.org/news/2016-04-alpha-centauri-life.html 

https://phys.org/news/2016-04-alpha-centauri-life.html
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• Technosignatures, SETI, and extraterrestrials, oh, my
Ø Signatures of technology will be what is found

• Data-Driven Approaches to Searches for the Technosignatures of 
Advanced Civilizations (W. M. Keck Institute for Space Studies)
Ø All-Sky (Visible and Near-IR Wavelength) Searches with decade-long 

data sets offer data-driven opportunities
Ø Radio Interferometers offer powerful approach to searches
Ø Find outliers ➜ even if not ETIs, likely astrophysics discoveries

• Applications to DSA-2000 and VLA/COSMIC
Ø Potential to enlarge volume of parameter space searched!

Transient and Variable Technosignatures
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Survey 31,000 deg2 to 0.5 µJy
• > 1 billion radio sources 

(Stokes IQUV)
• > 10 million galaxies in H I
• ~ 105 FRBs and pulsars

Enabled by key technologies
v “Radio camera” digital back-

end
v Cryo-free antenna/receiver

DSA-2000: Unparalleled Survey Speed

Transient and Variable Technosignatures 26
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Full sky
~ 8600 Antenna Fields of View

DSA-2000 Survey Strategy I

Transient and Variable Technosignatures 27

Nbeams

Data 
Volume

(in 15 
min.)

Full 
Sky

DSA-2000 
Lifetime

(cover sky 16 
times)

“Big Gulp” 4000 28 TB 240 TB 3.9 PB

“Targeted” 1000 7 GB 27 TB 445 TB

Earth Transit Zone
ET looking at Sun would see Earth transit, i.e., 

know terrestrial-mass planet orbits the Sun
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• Biosignatures are prime target for 
future space telescopes

Habitable Worlds Observatory
~ 6 m diameter
“high-level science goals of the mission are to 
directly image ~ 25 potentially Earth-like 
planets and spectroscopically characterize 
them for signs of life, as well as perform 
exquisite general astrophysics.”

• Telescope designs approaching 
size that technosignatures possibly 
detectable

… whether intended or not

Detectability of Nightside Artificial Lights

28

NASA Earth 
Observatory
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• Beamformed data from X-engine nodes---
total power, combined polarizations
Ø Concern: terrestrial transmissions tend to 

be polarized, 2x reduction in sensitivity?

• Native channelization at 134 kHz, integrate 
data to 10 s, write to disk in real-time

• Data Volume (in 15 min.) = Nbeams ⨉ 9680 
frequencies ⨉ 90 time samples ⨉ 8 
bits/sample ➜ ~ 7 MB ⨉ Nbeams

DSA-2000 Survey Strategy I
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2.8° Antenna Field 
of View @ 1.5 GHz

(waterhole)

Nbeams
Data Volume

(in 15 min.)

“Big Gulp” 4000 28 GB

“Targeted” 1000 7 GB

3.2ʺ Array Beam 
@ 1.5 GHz
(waterhole)
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LUVOIR city lights

30

NASA Earth 
Observatory

Beatty Fraction of Illuminated Nightside Planet
1 100 1001


