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               Drake Equation 

   N=R fs fp ne fl fi fc L 
 

N = number of communicating   

        civilizations in our galaxy 



Planet  Detection 





Survey 150,000 Stars 

 for Earth -size Planets 
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SETI Before IEEE 
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Porno in space: 

FUNDED! 







Signal Types 
1.  Artifact     (radio, radar, ~TV, ????) 

2. Deliberate (easy to decode, pictures,   

                                 language lessons) 

First civilization we contact is likely 

to be a billion years ahead of us.  

(ray norris, 2002) 



First Radio SETI 

ÅNikola Tesla (1899) 

ïAnnounces ñcoherent signals from Marsò 

ÅGuglielmo Marconi (1920) 

ïStrange signals from ET 

ÅFrank Drake (1960) 

ïProject Ozma  

ïone channel, 1420-1420.4 MHz 
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Berkeley SETI Research Center Experiments 

ÅRadio SETI 

ïSERENDIP VI (Arecibo) 

ïSERENDIP VI (Greenbank) 

ïLOFAR SETI 

ïGBT Targeted Time Domain SETI 

ïSETI@home 

ïAstropulse 

Å Optical/IR SETI 

ïSpectral Search for Laser Lines from KOI 

ïSearches for ET artifacts in light curves 

ïIR SETI with the Infrared Spatial Interferometer  

ïIR photodetector system 

ÅPanchromatic SETI 

 



Technosignaturesé 



Searching Across the Electromagnetic Spectrum 

Using multiple telescopes, we can search across 

the electromagnetic spectrum for indicators of 

advanced technology. 

Low Frequency 

Array 
Arecibo Green Bank 

Telescope 

Infrared Spatial  

Interferometer 
Optical Telescopes 















NAIC Arecibo Observatory, Puerto Rico 



  Breakthough Prize Foundation 
 ñLISTENò SETI Project 

Å$100M over 10 years 

ÅStarting with Green Bank and Parkes Radio Telescopes  

ÅLick Observatory (optical SETI) 

Å1,000,000 stars; 1000 galaxies; galactic plane; all sky  

ÅNew instrumentation: 10 GHz bandwidth (20 billion channels)  

ÅSETI@home participants will analyze interesting parts of data  

ÅOpen source data, hardware, software, gpuware, gateware  

 

 

 

 



The Breakthrough Listen Initiative:    Telescopes 

Automated Planet Finder (Lick 

Observatory) 
ÅSearch for extremely narrow emission lines from 

artificial lasers 

ÅExtremely high resolution ñLevy Spectrometerò                   

374 - 950 nm, ɚ/ȹɚ= 105   

Green Bank Telescope (Green Bank, WV) 
ÅRadio search focusing on targeted and raster 

observations 

ÅNearly continuous frequency coverage 300 MHz - 100 

GHz  

ÅFlexible IF system can deliver up to 10 GHz dual-pol 

analog bandwidth 

Parkes Telescope (New South Wales, 

Australia) 
ÅRadio search focusing on surveys 

ÅSouthern hemisphere location gives great access to 

galactic plane 

ÅMulti-beam receiver allows very efficient L-band (1.2 - 1.5 

GHz) sky surveys 



The Breakthrough Listen Initiative:    

http://breakthroughinitiatives.org 

1 Million Stars 1000 Galaxies 

1 day of Breakthrough Listen = 1 year of any previous search 

10 years - 108 dollars  



Nearby Stars 

 

 

 

Sun-like Stars 

 

 

 

Known Earth-like Exoplanets or Solar 

System-like Exoplanet Systems 

 

 

Serendipitous Alignments, e.g. multiple 

exoplanets in a single system along a line 

of sight to the Earth, ñeavesdropping 

SETIò 

 

 

Exotica, e.g. natural amplifiers, 

astrophysical masers, a la Cordes, 1993  

The Breakthrough Listen Initiative:    Targets 



The Breakthrough Listen Initiative:    Technology 

FPGA Computing Boards 

Commodity Compute Elements 

High Speed Digitizers  

 

Many-GHz processing capability 

 

200 - 400 Gbps data recording 

 

1010 channel spectroscopy 

 

GPU-accelerated multi-parameter 

search pipeline (dispersion, 

Doppler effects)  

 

Interference identification, 

classification 

 

 



Fall 2015 
Instrumentation development 

and  

observation planning 

 

 

January 2016  
GBT Observations commence  

 

 

Early 2016 
APF observations begin 

 

 

October 2016 
Parkes observations begin 

The Breakthrough Listen Initiative:    Timeline 







NARROW-BAND  SIGNAL  DETECTION 

Doppler ñdriftò 

correction 





Power Spectrum  Auto Correlation  

An exampleé  Binary Phase Shift Keying (BPSK)  

BROADBAND  EMISSION 

ᾼModern radio 

communication largely 

broadband  

ᾼWide bandwidths permit 

rich information content  



MACHINE LEARNING-BASED SEARCHES 

Local Outlier Factor (LOF) ranking approach  

Find isolated signals  in feature space  



High performance data storage silo Arecibo Observatory 

UC Berkeley Space Sciences Lab 
Public Volunteers 


