
EMILIO ENRIQUEZ
UNIVERSITY OF CALIFORNIA BERKELEY

RADBOUD UNIVERSITY NIJMEGEN
05/10/2017

Andrew Siemion, Steve Croft, Vishal Gajjar, 
Greg Hellbourg, Matt Lebofsky, 

Dave MacMahon,Pragaash Ponnusamy, 
Danny Price, Dan Werthimer

 
 AND THE FUTURE OF THE SEARCH 

FOR INTELLIGENT LIFE



SETI



How common is intelligent life in the galaxy?



N  =  R* ⋅ fp ⋅ ne ⋅ fl ⋅ fi ⋅ fc ⋅ L 
R*   = the average rate of star formation in the galaxy
fp    = the fraction of those stars that have planets
ne   = the average number of planets that can potentially support 

life per star that has planets
fl     = the fraction of the above that actually go on to develop life 
        at some point
fi   = the fraction of the above that actually go on to develop 

intelligent life
fc   = the fraction of civilizations that develop a technology that 
           releases detectable signs of their existence into space

L   = the average lifetime of a civilization  

The Drake Equation

Frank Drake, 1961

How common is intelligent life in the galaxy?



Based on Kepler ~5-50% of FGKM stars 
host an Earth-like planet.

e.g. Dressing et al 2013, Kopparapu 2013, Petigura et al. 2013

fp*ne hints towards common…



… but what about fl * fi *fc *L ? 



credit: NRAO/AUI

Complex Chemistry

Life in the Universe

Extreme Life

“Black Smoker” - 
Mariana Trench

Cosmological times

Role of Evolution?



… but what about fl * fi *fc *L ? 

• From the lack of constraints, it is equally 
likely that we are the only civilization in 
the galaxy or that there are thousands of 
them.

Carl Sagan: “…the only significant test of the existence of 
extraterrestrial intelligence is an experimental one.”



PLANETARY RADAR SYSTEMS

HIGH-POWER TV AND RADIO

A few radar systems on Earth
detectable across the galaxy

Hundreds of transmitters 
detectable at a few lightyears

Detectable Signatures of Intelligence

HIGH-POWER LASERS

Lasers can outshine the Sun by  
thousands of times



SEARCHING ACROSS THE ELECTROMAGNETIC 
SPECTRUM

Using multiple telescopes, we can search across the 
electromagnetic spectrum for indicators of advanced 
technology.

Low Frequency ArrayAreciboGreen Bank 
Telescope

Infrared Spatial 
Interferometer

Optical Telescopes





THE SQUARE KILOMETRE ARRAY

ONE OF THE WORLD’S LARGEST SCIENTIFIC INSTRUMENTS



(tintegration = 10 min, SNR = 15)  
FOR AN EXTRATERRESTRIAL TRANSMITTER @ 50 LY

SETI ON THESETI ON THE
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THE BERKELEY TEAM



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  
• 10%

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
• Extremely radio quiet (Federally protected radio quiet zone)
• ~20%

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) 

galactic plane surveys (Parkes Multibeam Receiver)
• Wide-band single-pixel and Phased Array Feed upgrades 

possible.
• ~20%



August 2015
Instrumentation development and 
observation planning

November 2015 
APF Observations Begin

January 2016
GBT Observations Begin

October 2016
Parkes Observations Begin

The Breakthrough Listen Initiative:    Timeline



1 Million Stars
100 Galaxies

Milky Way Galactic 
Plane Survey

The Breakthrough Listen Initiative:    Overview

Exotica



SETI.BERKELEY.EDU | BREAKTHROUGHINITIATIVES.ORG 

R.TSS - O.TSS

1709 Target Stars





The Breakthrough Listen Search for Advanced Life:  
1.1-1.9 GHz observations of 692 Nearby Stars 

Enriquez et. al. Submitted to ApJ



THE 692 STAR SAMPLE



OBSERVATIONS OF 692 NEARBY STARS

• L-band 1.1-1.9GHz 
• Total of 400 hrs  
• Lots of data!

• https://seti.berkeley.edu/lband2017







DETECTION OF VOYAGER 1 WITH TURBOSETI



DETECTION OF VOYAGER 1 WITH TURBOSETI



TURBOSETI
• https://github.com/UCBerkeleySETI/turbo_seti

• Tree search algorithm  
(Siemion2013 - Taylor 1974) 
•  nlog(n)  

• Python/Cython Based 
• HDF5 input  
• Flat output into csv or 

DataFrame (pandas) 
• Potential real time 

(with appropriate 
parallelization). 



RESULTS FROM THE PIPELINE

• We observe these “A” stars 
with three nearby stars “B”, 
“C” and “D” as: ABACAD 

• All signals are consistent 
with human-made RFI. 

• Conclusion: We ruled out a 
continuos artificial signals 
between 1.1-1.9 GHz at 
brighter than 10^13 W.  



“THERE'S NO SUCH THING AS BAD PUBLICITY” ? 



OTHER OPPORTUNITIES WITH BL DATA





Lynch et al. (2015)

Zarka (1998)

Hallinan et al. (2007)

OTHER OPPORTUNITIES WITH BL DATA

Osten (2007)

Hallinan et al. (2015)



Open to Collaboration 

• GBT Breakthrough Listen North 
American Community Workshop  
• (at Green Bank Observatory 

October, 2016) 

• Engender a vibrant academic 
community furthering the search for 
intelligent life beyond the Earth, 
motivate the integration of that 
community with more traditional 
academic pursuits and share our work 
with the public. 

SETI.BERKELEY.EDU | BREAKTHROUGHINITIATIVES.ORG 



BL DETECTION OF 2MASS15+22 (TVLM513-56)?

• Kick start with a 2.5 hr 
observation with GBT 

• C-band (3.9-8 GHz) 

VERY Preliminary 



BL DETECTION OF 2MASS15+22 (TVLM513-56)?

• Kick start with a 2.5 hr 
observation with GBT 

• C-band (3.9-8 GHz) 

VERY Preliminary 

Hallinan et al. (2007)



BL DETECTION OF 2MASS15+22 (TVLM513-56)?
VERY Preliminary 

• Having 
crosstalk 
between 
polarizations 

• Need proper 
Stokes V 
calibration!!  



BL DETECTION OF 2MASS15+22 (TVLM513-56)?

VERY Preliminary 

• Fractional 
bandwidth  
     Dv/v ~ 0.64 

• Available  
Time*Frequency 
resolutions 
products 

• 1s * 3kHz 
• 350us * 366 kHz 



SETI.BERKELEY.EDU | BREAKTHROUGHINITIATIVES.ORG 

The Breakthrough Listen Initiative
BL MACHINE LEARNING 

EFFORTS

BL REU PROGRAM

FPGA Computing Boards

High Speed Digitizers 

BL INSTRUMENTATION

BL OUTREACH

BL PUBLIC DATA

BL ADVANCED RFI MITIGATION

BL COLLABORATIONS



Open to Collaboration 

• Monthly Collaborative SETI Meeting 
• Greg Hellbourg (gregory.hellbourg@berkeley.edu)  
• Next June 6th 

• Want to know more: 
• https://seti.berkeley.edu/lband2017 
• https://seti.berkeley.edu 

SETI.BERKELEY.EDU | BREAKTHROUGHINITIATIVES.ORG 




