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An AgeAn Age--Old QuestionOld Question



An AgeAn Age--Old QuestionOld Question

• Epicurus - “there are infinite worlds both like and 
unlike this world of ours” (ca 300 BC)

• Lucretius - “it is in the highest degree unlikely that 
this earth and sky is the only one to have been 
created” (ca 70 BC)

• The Pythagoreans pictured spectacular lunar 
creatures who did not defecate (!?)

However …



an agean age--old questionold question

• Plato – “there is and ever will be one only-
begotten and created heaven” (ca 400 BC) 

• Aristotle rejected multiple worlds via a 
complex metaphysical argument (ca 350 BC)

And we know who won!

The early church later opposed the concept of multiple 
worlds



an agean age--old questionold question

• Early thinkers had no physical 
framework with which to approach the 
problem, only philosophical and 
theological musings
Middle-ages (ca 1300) resurgence of 
“multiple worlds” and the tools to start 
thinking about it somewhat critically.

Are we alone?Are we alone?



Early SETIEarly SETI
((SSignallingignalling ETIETI))

• Karl Friedrich Gauss 
(ca 1800)

Large right triangle in 
Siberia – “Hello, we 
are here”

wheatwheat

treestrees



early early S(ignalling)ETIS(ignalling)ETI

• Charles Gros advocated France building 
a gigantic mirror to signal Mars

• Joseph von Littrow advocated digging a 
large trench in the Sahara in some 
geometrical form, filling it with 
kerosene and igniting it



Early SETIEarly SETI
((SSearch for earch for ETIETI))

• No less than Nicola Tesla and Gugliemo
Marconi thought they had detected 
signals from another planet.



Early Radio AstronomyEarly Radio Astronomy
• Karl Jansky at Bell 

Labs (1933) 



Radio Astronomy and WhyRadio Astronomy and Why

• Many different physical phenomenon 
govern how the universe works –
different frequencies probe different 
processes

• Regions are obscured at some 
wavelengths and not others – dust at 
optical not much of an issue in radio



Radio AstronomyRadio Astronomy

• Thermal
• Non-thermal
• Spectral line



CrabCrab
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Single DishSingle Dish
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Single Dish
+ 

Focal Plane Receivers

R.D. Ekers



Dish of Panels

R.D. Ekers
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Imaging
Array θ
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R.D. Ekers

Correlator



The Very Large Array

New Mexico

The Very Large Array

New Mexico



VLA DVLA D--configurationconfiguration



Hat Creek Radio ObservatoryHat Creek Radio Observatory



Hat Creek Radio ObservatoryHat Creek Radio Observatory

BIMA+OVRO = CARMA

ATA



• Joint project between SETI Institute 
and UCB Radio Astronomy Lab

• Located at Hat Creek in N. CA
• Goal of 350 6.1-meter antennas (and 

beyond)
• Funded to-date primarily by Paul G. 

Allen Foundation

The Allen Telescope Array



ATAATA--350350



Original Original ““NebulaNebula””



Imaging with ATAImaging with ATA--350350
2.5o

Snapshot image

1420 MHz



Imaging with VLA EImaging with VLA E--
configurationconfiguration2.5o

Snapshot image

1420 MHz



Number of Elements/ScheduleNumber of Elements/Schedule
4.6% 5.2%

29.1%

32.2%

6.7%

13.9%

4.7% 3.8%
Project Management
Integration & Test
Antennas
Signal Path
Control
Site
Contingency
Other

~$29M*

*Full-cost accounting



• 3 year survey to map all Galaxies out to 300 
Mpc and extragalactic clouds in HI

• Frequent, fast all-sky surveys to explore 
transient phenomenon (~5 days)

• Pulsar monitoring/survey
• Magnetic field transition regions (Zeeman)
• Large-scale surveys at other frequencies (e.g. 

CCS, H2CO, H2CS,C4H, CH3OH, OH, CH, 
CH2NH, CH3NH2, HCOOH, HC5N, HC7N, HC9N)

• SETI

Science GoalsScience Goals
Introduction Antenna Signal Path Control Site Status



Surveys

Surveys

Surveys





Design Goals for the ATADesign Goals for the ATA

GHz11.20.5Frequency

arcsec9.8216Synthesized beam

deg2 (5 deg2 at 1420 MHz)0.0740FoV

Dual-pol16Number of beams

Natural weightingm700Effective diameter

~1% SKAm2/K146Ae/Tsys

At 80 KK42System temperature

K/Jy2.2

m26,137Effective area

%60Aperture efficiency

Diameter equivalentm114

m210,229Total geometric 
collecting area

m6.1Element diameter

350Number of elements



The Electromagnetic SkyThe Electromagnetic Sky

Microwave Window

ATA



FlexibilityFlexibility

Beam formerBeam former
generatesgenerates
16 dual16 dual--polpol
pencil beams pencil beams 
anywhereanywhere
in the skyin the sky
(100 MHz)(100 MHz)
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FlexibilityFlexibility

Beam formerBeam former
generatesgenerates
16 dual16 dual--polpol
pencil beams pencil beams 
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Correlator 
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entire FoV
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Not Just Cheaper, but BetterNot Just Cheaper, but Better

Exploits Large Primary FOV
Enables Simultaneous SETI and RA
Satellite Nulling

5 times
Size of 
Full moon

Steer the null
beam onto
satellite

Uses RA Imager

Every beam needs a back end



NullsNulls



CancellationCancellation



Cost CurveCost Curve

Fixed area

Fixed UWB
Science drivers



Signal PathSignal Path

Field Lab IP



Signal PathSignal Path



Antenna/FrontAntenna/Front--endend

Field Lab IP



AntennaAntenna
•6.1-meter offset Gregorian 
(2.4-meter secondary)

•rim-supported, 
hydroformed dishes



Tip CurveTip Curve



AntennaAntenna



• rms:  0.022”
(0.56mm)

• p-p:  0.118” (3mm)

Antenna SurfaceAntenna Surface



ShipmentShipment



ShipmentShipment



Many AntennasMany Antennas



Construction TentConstruction Tent





Dish AssemblyDish Assembly







Antenna/FrontAntenna/Front--endend

Field Lab IP



FeedFeed
0.5 – 12.0 GHz





FrontFront--EndEnd



Dewar/Dewar/CryoCryo

12”

Dewar

Refrigerator

LNAs



Balun/LNABalun/LNA



““Active BalunActive Balun””



FrontFront--endend



PAXPAX



PAMPAM OTXOTX



Full SpectrumFull Spectrum
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RF ConverterRF Converter

Field Lab IP



DigitizerDigitizer

Field Lab IP



IP

IF ProcessorIF Processor

Field Lab



IP

BackBack--endsends



ATAATA--350 Configuration350 Configuration

500
800



UV DistributionUV Distribution









ControlControl

• Java–based client-server JSDA (Java 
Simple Distributed Architecture)

• TCP/IP, UDP/IP
• Jython scripting
• SBC at each antenna does it’s own 

housekeeping
• Hierarchical controllers thru processor
• Monitor – less is more



JSDA
Antenna 

Server

Video
Server

Hat Creek

Predict Server
(satellites)

Beam Pattern
Client

Video
Client
Local

Jython
Spectrum
Correlator

Server

Corr.
Client
Local

Introduction Antenna Signal Path Control Site Status

Beam Pattern ClientBeam Pattern Client





M31M31



M33M33



Silo/HolographySilo/Holography

< 1mm rms



TestsTests



Feed TestingFeed Testing



Receiver TemperatureReceiver Temperature





Uncertainty PrincipleUncertainty Principle
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Uncertainty PrincipleUncertainty Principle
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Short pulses will be broadband

Nature never does
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SETI Targeted SearchSETI Targeted Search

2
*4103.2

ν
Nno

−×= stars/PFOV
2

* 4288ν>N stars



Targeted SearchTargeted Search

*
4102 N−×<ν GHz

0.690010530015.3106

0.122001061404.8105

0.0340107651.5104

0.0069108300.5103

AOPR at 
Dmax

Weather 
radar 

at Dmax

NcivDmax
[pc]

νmax
[GHz]

N*



Near Sky SurveyNear Sky Survey

For 1 beam

20 AOPR (1 SKA) at 1.5 kpc

108 stars 1000 civilizations



Far Sky SurveyFar Sky Survey

For 1 beam

700 APR at 10.5 kpc





www.seti.org

astro.berkeley.edu/ral


