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21st Century:  

The Century of Biology 
  On Earth and Beyond 





GAME CHANGERS 
FROM THE 20TH CENTURY 

Exoplanets and Exomoons 



Two Kinds of Deliberate Signals 

J. Learned et. al 

Vela (P = 0.089 sec) 

Almost natural L.F. A. Arnold (2005) 

Single frequency on dial 
Single nanosecond in time 

Obviously 

Engineered 

 
•  Build dedicated  
   telescopes 

Vela (P = 0.089 sec) 

Observational consequences:  
• Do astronomy! 

•  Signals might appear 
–  Almost natural 
–  Engineered  



The Cosmic Haystack Is Huge  
Nine Dimensional 

 
 

•  3 – space 
•  1 – time 
•  2 – polarizations 
•  1 – frequency 
•  1 – modulation scheme 
•  1 – sensitivity 
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Current SETI Searches 
Work on Simple Artifacts 

Δν 

Δt 

Uncertainty Principle dt*df>1

0

1

2

3

4

5

6

7

8

9

10

0 1 2 3 4 5 6 7 8 9 10
delta t

de
lta

 f

 

Technology can approach limit 

Time compression: broadband optical pulses 

Nature doesn’t 

Δt Δν ≥ 1  Uncertainty Principle 
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Terrestrial	  Microwave	  Window	  
Feed	  	  

Coverage	  



Credit: Peter Backus 
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700 Hz 

Radio: Natural vs. Engineered 
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VOYAGER 1 SIGNAL: 106 AU AWAY 



Mopra 

Parkes 

Lovell 

Arecibo 

Woodbury 

140 Ft. 

NASA-derived 
TSS: full custom 

NSS: PCs 
+ accelerators 

2.2 x 105 Star-MHz 2.9 x 105 Star-MHz 4.8 x 105 Star-MHz 

Project Phoenix: 1994 – 2004 
1000 stars x 1700 MHz = 1.7 x 106 Star-MHz 





The ATA- 350 



The ATA-42 



6.1	  m	  Offset	  Gregorian	  Antenna	  -‐	  LNSD	  



The Andromeda Galaxy 

A familiar object  
for scale 

0.5 degrees 

2.5 degrees 

Arecibo Field of View 
O 

O 
O 

O O 
O O 

O 
ALFA Field of View 



Field of View = 2.5 degrees at 1.4 GHz 

Radio Camera with  
 ~1250 pixels and 
   1024 “colors” 



Field of View = 2.5 degrees 

3 phased array 
beams at 2 
frequency 

bands 



5/7/15 

Beam Plus Offset Null 



0.5 – 10 GHz 



Log-‐Periodic	  Feed	  –	  Frequency	  Independent	  



WBA	  13	  Noise	  Temp	  –	  Sandy	  Weinreb	  
(at 70K) 



0.5 – 10 GHz 

1 – 20 GHz 









0.1	  

0.2	  

0.3	  

0.4	  

0.5	  

0.6	  

0.7	  

0.8	  

0.9	  

1	  

1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	   13	   14	   15	  

G
ai
n	  

Frequency	  in	  GHz	  

Gain	  Curves	  for	  High	  Frequency	  ATA	  Feed	  

12	  GHz	  focus	   10	  GHz	  focus	  

6	  GHz	  focus	   2	  GHz	  focus	  



	  	  

dB 





SonATA	  (SETI	  on	  the	  ATA)	  Since	  2011	  
•  Use 3 Beamformers to target 

3 systems simultaneously with 
100 million channel detectors 
– All Kepler candidates 
– Exoplanets from 

exoplanets.org 
δ > -30° 

•  Over the entire  
terrestrial MW 
window 
1-10 GHz 

 
   

1020 CONFIRMED EXOPLANETS 
4601 CANDIDATE EXOPLANETS 
76 IN THE HZ,  R < 2 REARTH 

4.5x107 Star-MHz 



http://setiquest.info/data/obsinfo 

by Jon Richards 

http://setiquest.info/data/obsreports 



~1250 pixels / 
pointing 

 
1024 

channels / pixel 

NEW TRICKS 



‘Narrowband’	  Signals	  in	  Image	  



Search in Time Domain  
Rather than Frequency Domain 



‘Fast’	  Time	  Variable	  Sources	  

Now gathering training sets for ML 



70,408 Red Dwarfs 
R

A 

DEC DEC 



SETI@home 
 

ALFA at Arecibo 
Astropulse & 
Other signals 

LOFAR 
Low Frequency Transients 

Green Bank  
Telescope 

800 MHz record 
 + SETI@home  

off-line processing 

SETI Italia 

 More 
 SETI 
Today 

Project Dorothy 
15 Countries 



OSETI 



OSETI 

Harvard OSETI Sky Survey of Northern Sky 



Berkeley Optical SETI 

Leuschner 
Observatory 

HIRES at 
KECK 
Observatory 
1000 KOIs 
10 γ’s /hr in laser line 



IR-OSETI 

Mt. Wilson 

K II K III WISE 



1015 W  
LASER 
1000 LY 
AWAY 



2x1013 W  
RADAR 
1000 LY 
AWAY 

~106 stars 
L ~ 105 years 



The Future 

JWST and then ??? 
 
 BIOSIGNATURES 

Colossus 

SKA 

FAST 

TMT 

E-ELT 

SETI 

LSST 



Longevity is key 



Prof. Philip Morrison 

SETI IS THE ARCHEOLOGY OF THE FUTURE 



 
 

“The probability of success 
 is difficult to estimate;  
but if we never search 

 the chance of success is zero.” 
 
 

Cocconi and Morrison, Nature (1959)                                                                          









Earthrise/ William Anders/ Apollo 8 

 On a finite world, a cosmic perspective isn’t a luxury; it is a necessity. 
 

                                                                                                                                                                  Caleb Scharf (2014) 


