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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 
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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 

• Nikola Tesla (1899) 

– Announces “coherent signals from Mars” 

• Guglielmo Marconi (1920) 

– Strange signals from ET 

• Frank Drake (1960) 

– Project Ozma  

– one channel, 1420-1420.4 MHz 
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Berkeley SETI Research Center Experiments 

• Radio SETI 

– SERENDIP VI (Arecibo) 

– SERENDIP VI (Greenbank) 

– LOFAR SETI 

– GBT Targeted Time Domain SETI 

– SETI@home 

– Astropulse 

• Optical/IR SETI 

– Spectral Search for Laser Lines from KOI 

– Searches for ET artifacts in light curves 

– IR SETI with the Infrared Spatial Interferometer 

– IR photodetector system 

• Panchromatic SETI 

 



Technosignatures… 



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 
 “LISTEN” SETI Project 

• $100M over 10 years 

• Starting with Green Bank and Parkes Radio Telescopes  

• Lick Observatory (optical SETI) 

• 1,000,000 stars; 1000 galaxies; galactic plane; all sky  

• New instrumentation: 10 GHz bandwidth (20 billion channels) 

• SETI@home participants will analyze interesting parts of data 

• Open source data, hardware, software, gpuware, gateware  

 

 

 

 



The Breakthrough Listen Initiative:    Telescopes 

Automated Planet Finder (Lick 

Observatory) 
• Search for extremely narrow emission lines from 

artificial lasers 

• Extremely high resolution “Levy Spectrometer”                   

374 - 950 nm, λ/Δλ= 105   

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

observations 

• Nearly continuous frequency coverage 300 MHz - 100 

GHz  

• Flexible IF system can deliver up to 10 GHz dual-pol 

analog bandwidth 

Parkes Telescope (New South Wales, 

Australia) 
• Radio search focusing on surveys 

• Southern hemisphere location gives great access to 

galactic plane 

• Multi-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, “eavesdropping 

SETI” 

 

 

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 “drift” 

correction 





Power Spectrum Auto Correlation 

An example…  Binary Phase Shift Keying (BPSK)  

BROADBAND EMISSION 

✴Modern radio 

communication largely 

broadband 

✴Wide 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 



SETI@Home 

https://www.youtube.com/watch?v=buLKZnyzOdI






8,464,550 

participants 

(in 226 countries) 

  

 2,000 per day 

 

 

 

3 million years 

computer time 

 1,000 years per day 

3*1023        

operations 

 1,000 Tera-flops 

 

 

          SETI@home Statistics 

       TOTAL                 RATE 











Web site:  2 million hits/day 
          200,000 visitors/day 
    (stats & games  popular;  science less popular)     
 
100,000 children, families 
      (including congress members and their kids) 

 
> 7,000 schools 



 



Public Participation Scientific 
Supercomputing 

  

aka “Distributed Computing” 

aka “edge resource aggregation” 

 



Projects 
• Astronomy 

– SETI@home      (Berkeley)   

– Astropulse         (Berkeley) 

– Einstein@home: gravitational pulsar search   (Caltech,…) 

– PlanetQuest       (SETI Institute) 

– Stardust@home  (Berkeley, Univ. Washinton,…) 

• Earth science 

– Climateprediction.net    (Oxford) 

• Biology/Medicine 

– Folding@home, Predictor@home    (Stanford, Scripts) 

– FightAIDSathome: virtual drug discovery 

• Physics 

– LHC@home       (Cern) 

• Other 

– Web indexing/search 

– Internet Resource mapping (UC Berkeley) 











Rosetta Screensaver 



Where's the computing power? 

● 2010: 1 billion Internet-connected PCs 

● 55% privately owned 

● If 100M participate: 

– 100 PetaFLOPs, 1 Exabyte (10^18) storage 

 

your computers 

academic 

business 

home PCs 



 Thinking@Home 
    
 

Stardust@home... 



Stardust January 2009 
19 

     Stardust   (NASA)      



Stardust January 2009 
80 



   Citizen Science Projects 
• SETI@home and Astropulse         (UC Berkeley) 

• Stardust@home                          (UC Berkeley) 

• SetiQuest                                   (Seti Institute) 

• Galaxy Zoo      (Galaxy Classification) 

• Audubon Society's Christmas Bird Count (1900) 

• Community Collaborative Rain, Hail & Snow Monitor Network  

• Clickworkers   (mars crater identficiation - NASA) 

• Ebird, NestWatch, FeederWatch, Urban Birds  (Cornell Univ.) 

• ParkScan  (monitor San Francisco Parks) 

• ScienceForCitizens.net 

• ENERGY@home 

 

 

 

 

http://en.wikipedia.org/wiki/National_Audubon_Society
http://en.wikipedia.org/wiki/Christmas_Bird_Count
http://en.wikipedia.org/wiki/Clickworkers
http://en.wikipedia.org/wiki/Ebird
http://watch.birds.cornell.edu/nest/home/index
http://www.birds.cornell.edu/pfw/
http://www.birds.cornell.edu/celebration


Interplanetary evesdropping  

 Kepler has found numerous multiple 
planet systems 

 When planets are in conjunction with 
Earth the more distant planet is 
beaming its signals at us, giving us an 
opportunity to catch spillover. 

 Given the number of exoplanet 
systems, these conjunctions are 
frequent 

 5-10 minute obs (per band) 

 1.1-1.9 GHz  

 1.8-3.0 GHz  

 7.8-11.0 GHz 

 total of about 30 hours thus far 

 





A Search for Optical Laser Emission Using 

Keck Telescope HIRES Spectrometer 

✴ Survey of 2796 stars for 

narrow emission lines from 

artificial lasers. 

✴ No detections of lasers 

brighter than 1000W 

focused with a 10m 

aperture 



Infrared Spatial Interferometer 
heterodyne detection at 27 THz w/ CO2 laser LOs 

Mt. Wilson, CA 

3 telescope system 4,8,12m early 2006 

Currently ~35m triangular baselines 

2008 @ Mt. Wilson 



  SETI SPIN OFFS 

 



 

CASPER  
Collaboration for Radio Astronomy  

Signal Processing and Electronics Research 
 

Collaborators 
 Xilinx, Intel, Fujitsu, HP,  Sun/Oracle, Nvidia,  NSF,  NASA,  NRAO,  NAIC,  

 CFA (Havard/Smithsonian), Haystack (MIT), Caltech, Cornell,  CSIRO/ATNF,  

JPL/DSN, South Africa KAT, Manchester/Jodrell Bank, GMRT (India), 

Oxford, Bologna, Metsahovi Observatory/Helsinki University,   

University of California, Berkeley;  Swinburne University (Australia),  

Seti Institute, University of California, Santa Barbara; 

University of California, Los Angeles;  CNRS (France), University of Maryland 

Nancay Observatory, Univerity of Cape Town (South Africa),  

ASTRON (Netherlands), Academica Sinica (Taiwan),  Cambridge, 

Brigham Young University, Rhodes University (South Africa) 

 



  Diamond Planet: Matthew Bailes et al 

 



 



      FAST 500 meter telescope 



 HERA Array    352 x 14 meter dishes 



 



82 



     Phased Array Feed – 64 beams 





Dual 26 Gsps ADC and FPGA board 



                    
 
 
 
 
 
                      ADC’s   
 
   26 Gsps   3.5 bit  Hittite  
   55 Gsps   8 bit  Fujitsu 
   80 Gsps   8 bit  Berkeley   
 160 Gsps   8 bit  Keysight 
 240 Gsps   8 bit  Teledyne Lecroy 
    
 
 

 

 

 



Commercial off-the-shelf

Multicast 10 Gbps (10GE

or InfiniBand) Switch

PFBADC
FPGA DSP
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CASPER General Purpose Architechture 
Dynamic Allocation of Resources, need not be FPGA based 



Moores Law – Instruments using FPGA’s: 2X per year 
(1,000,000 over 20 years) 

 



  

We’re on the cusp of technological 

maturity: “ancestor” simulations of 1035 
ops or 0.1c galactic exploration 



    Use Sun As Gravitational Lens 

    Place camera at focus 100 billion km  

   Read License Plates  on Extrasolar Planet 



 Summary and Conclusion 

No ET so far 

Still working on it 



SETI  HAIKU 
 

 



Searching for life 
Answers are revealed 

About ourselves 
 
 

Paula Cook, Duke University 



One million earthlings 
Bounded by optimism 
Leave their PC’s on 

 
 

          Dan Seidner 

    




