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“Nothing in the Universe is unique and 
alone, and therefore in other regions 
there must be other earths inhabited 
by different tribes of men and breeds 
of beasts.” 

Lucretius, c. 60 BCE



“Life, as it exists on Earth in the form of 
men, animals and plants, is to be found, let 
us suppose … in the solar and stellar 
regions. Rather than think that so many stars 
and parts of the heavens are uninhabited and 
that this earth of ours alone is peopled … 
we will suppose that in every region there 
are inhabitants.” 

Nicholas of Cusa, 1440





Geocentrism



Galactocentrism



Goldilocks principle



“The Search for Extraterrestrial 
Intelligence represents the last battle 
over anthropocentrism.” 

Steven J. Dick, 1993
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Ozpa, 1971-72 

GBO 140′ / 300′ 
5 mins = 4 days of Ozma



Ozma II - Palmer and Zuckerman



300′ telescope 
201 stars 
65k channels via tape + offline FFT 
Comparison scans offset in RA





300′ telescope 
Commensal 
885 hours in 1986-87 
Look for 15-sigma signals that don’t 
occur at more than one sky position 







31 Aug / 1 Sep 1988 
Select 7 stars with 60-micron excess (Dyson spheres?) 

Observe at 8.7 GHz with 140′ telescope 
6 mins on / 6 mins off
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• 12 GHz bandwith 
• 3 Hz resolution 
• 8 PB storage 
• 500 TFLOPS 
• ~750 MB/sec/compute node 

complex voltages 
• Observing ~5 hours a day 

(20% time) 
• Over 6 PB of GBT data in the 

archive

BL BACKEND  
ARXIV.ORG/ABS/1707.06024 
ARXIV.ORG/ABS/1804.04571



GREEN BANK DATA PRODUCTS

~3 Hz frequency bin resolution,  
~18 second sample time (SETI)

~3 kHz frequency bin resolution,  
~1 second sample time

~366 kHz frequency bin resolution,  
~349 us sample time (pulsar)

HIGH FREQ. 
RESOLUTION

MEDIUM 
RESOLUTION

HIGH TIME 
RESOLUTION
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http://seti.berkeley.edu/blog/doppler/



http://bit.do/voyager_elan
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Nearby star sample essentially complete to 12 GHz 
Observations of TESS targets underway 
Observations of 97 galaxy centers almost complete 
Mosaic observations of extended galaxies to come 
Galactic Center and Plane observations and analysis 
underway (K. Perez) 
Exotica sample (B. Lacki) to be added (55 / 625 sidereal 
targets already observed) 
Observations of other targets (ETZ, Kepler 160, 
`Oumuamua, etc.) 
Higher frequency receiver observations beginning 
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SEARCHES OF TESS TARGETS

Traas et al. (2021), AJ 

TOIs are viewed in their ecliptic 
28 TOIs in LSCX (113 cadences) 
No detections > 5e14 W



SEARCHES OF TESS TARGETS
Traas et al. (2021), AJ



SEARCHES OF TESS TARGETS

61 TOIs serendipitously observed 
with GBT during transit in L/S/C/X 
No detections > few 1e14 W

Franz et al. (2022), AJ



SEARCHES OF TESS TARGETS
Franz et al. (2022), AJ



GALACTIC CENTER SURVEY

SETI.BERKELEY.EDU | BREAKTHROUGHINITIATIVES.ORG  

Gajjar, Perez, et al. (2021) 
Art: D. Futselaar 
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http://seti.berkeley.edu
http://breakthroughinitiatives.org


SETI.BERKELEY.EDU  

OBSERVATION STRATEGY

Deep observations of GC(0,0)

Survey of the bulge

Gajjar, Perez, et al. (2021)

http://seti.berkeley.edu


SETI.BERKELEY.EDU  

• Comprehensive survey of the GC from 1 - 93 
GHz with GBT and Parkes 

• Searched for narrowband drifting signals 
towards 60 million stars across 1 - 4 GHz 
and 0.6 million stars across 4 - 8 GHz with 
EIRP limits of 1018 W and 1017 W, 
respectively 

• Searched for new class of artificially 
dispersed signals 

• Can also search for natural sources such as 
pulsars and magnetars. Current survey found 
no transient source with peak luminosity 
≥1031 erg/sec and ≥0.23 bursts/hr

GC SUMMARY
Gajjar, Perez, et al. (2021)

http://seti.berkeley.edu


• L-band GUPPI raw 
• 31 stars 
• ΔT = 1/Δf 
• 200x more signals / s / Hz







Art: D. Futselaar 







PUBLIC DATA

2 PB of public data 
https://seti.berkeley.edu/opendata



http://seti.berkeley.edu/bl_gbo.html



1 photon final states

2 photon final states

1 photon final states

2 photon final states



KFPA COMMISSIONING







MACHINE LEARNING



SETI.BERKELEY.EDU  

• 1883 stars at C-band (233 
hours) 

• Artificial DM search, 
followed by CNN-based 
candidate vetting (reducing 
false signals by factor 50) 

• CNN training uses 
simulated pulses injected 
into dedispersed 
spectrograms

CNN-ASSISTED PULSE SEARCH
Gajjar et al. (2022)

http://seti.berkeley.edu


KAGGLE 
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seti.berkeley.edu/Internship.html











It is an exciting time in which to practice the 
astronomical craft, as humanity edges ever closer 
to being able to answer the age-old question “Are 

we alone?” It is humbling and exciting to 
contemplate that the question of whether life 
exists elsewhere could be answered with the 

technology humanity now possesses.

2020 Astronomy Decadal Review



“The probability of  success is difficult to 
estimate; but if  we never search, the 
chance of  success is zero.” 

Cocconi & Morrison, September 19, 1959



@BerkeleySETI










