
Communication, 2.



Search Strategies

• Basic Problem: where to look?
• Possible Scenarios

– Powerful, omnidirectional beacons
• Implies very advanced civilization
• Seeking to attract attention of new civilizations

– Nearby, not so advanced, broadcasting to
us

• Unlikely
– Detect leakage radiation



Leakage Radiation

• Various sources
– TV, radio, …

• Repeatable pattern due to Earth rotation
– Defense radars

• Most powerful, but won’t repeat







World Television Transmitters
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The Cosmic Haystack

Strong signals, unknown origin
⇒    Small telescope, short  t , cover sky

Weak signals, nearby  stars
⇒   Large telescope, longer  t , only stars

Sensitivity

S  ∝ D–2 t–1/2

          want small S

Large telescope

Long time per
direction

Direction

Large number of
directions

    Small beam

Conflict

Frequency

Large frequency range

But narrow channels

Lots of channels

⇓
⇓



Cosmic Haystack
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The Cosmic Haystack

Strong signals, unknown origin Sky Survey
⇒    Small telescope, short  t , cover sky

Weak signals, nearby  stars Targeted Search
⇒   Large telescope, longer  t , only stars

Sensitivity

S  ∝ D–2 t–1/2

          want small S

Large telescope

Long time per
direction

Direction

Large number of
directions

    Small beam

Conflict

Frequency

Large frequency range

But narrow channels

Lots of channels

⇓
⇓



Targeted Search vs Sky Survey



Some Searches for ETI
# of stars

2

602

All sky

244

800

All Sky

Telescope size
(m)

26

91

26

300

34

34

Frequency
(MHz)

1420

1420

1420

1200-3000
+ selected ν

Up to 25 GHz

1000 - 10,000
+ selected ν

Names

Ozma
(Frank Drake)

Ozma II
(Zuckerman & Palmer)

Meta
(Horowitz; Planetary Soc.;

Spielberg)

NASA search
Discrete source made

All sky Survey

Year

1960

1972

1985

1992

Oct. 12, 1992

[ 8 million channels ]

[ 10 million channels +? ]
2 million in 1992 ;  ~ 16 million in 1996



Some Searches



Previous Searches



SERENDIP - SETI@home
• Latest version:

SERENDIP IV
Uses ARECIBO telescope

 while regular obs.
 going on

ν = 1420 MHz

5  × 10–25  W m-2

very sensitive

Data analyzed by screen savers
on millions of PC’s   SETI@HOME



Report on Project META
Megachannel Extra Terrestrial Assay

Horowitz & Sagan, 1993, Astrophysical Journal, 415, 218.
5 years of searching at 1.420 GHz
8 × 106  channels channel width:   0.05 Hz

coverage:       400 kHz
Covered sky 3 times     1.7 × 10–23  W m–2

37 candidate events:  narrow-band, apparently not interference
But  none repeated

8 signals truly hard to explain as noise
Probably electronic “glitches”
But some tendency to lie in plane of galaxy  ⇒ extraterrestrial

      ?
Nothing convincing yet.





BETA
Successor to META 2.5 × 108 channels

0.5 Hz channel width

Covers 1.4 - 1.7 GHz in 8 steps

Sensitivity:  2 × 10–22 W m–2

Started 1995, suspended in Spring 1999
    (antenna blew off mount!)

repairs underway



NASA Search

Microwave Observing Program (MOP)
  Main improvement: frequency coverage
2 parts:
1. All sky survey - JPL - run

Telescopes of modest 34-m diameter
California, Australia, …
Cover  1 - 10 GHz
2 × 106 channels     16 × 106  channels ( ~ 1996)
Channel width:  20 Hz

To begin Oct. 12, 1992
began ended

revived?



Coverage: 40 MHz ,           320 MHz
right and left circular polarization

Sensitivity: only spend a few sec. per direction
 ⇒ strong signal

(Arecibo Planetary Radar)
     out to 25 ly

Timespan:  6 years to cover sky once



2. Targeted search - Ames - run
 ( ~ 800 Nearest ( < 75 ly) stars like Sun)
Largest telescopes available:
Arecibo 300 m (244 stars)
+ Australia, France, …
Cover: 1 - 3 GHz
16 × 106 channels
Channel width:  1 Hz



Coverage: 10 MHz
right and left circular polarization

Sensitivity: ~  103 sec. per star
⇒ 10–27 W m-2

 Ptrans = 10–27 W m-2 · 4π d2(m)
d(m) ~ 1016 d(ly)

Ptrans ~ 106 d2(ly) = 1 M Watt at 1 ly
e.g. 100 Mega Watts at d = 10 ly
Defense radars to ~ 1000 ly



HR 5158





Project Phoenix

SETI Institute  (- minus NASA $$)
Private Funding (Packard of HP)

+ …
Relocate to Australia 64 - m telescope
1.2 - 3.0 GHz ,  28 × 106 channels

1 Hz  channel width
Targeted search sensitivity ~ 1 × 10–26 W m–2

~ 200 stars like Sun, no binaries, t > 3 × 109 yr
Within 150 ly observe each for 5 min
(eventually 1000 stars)

Underway Feb. 2, 1995



Can detect  1 Mega Watt if beamed to us by
similar size telescope

Immediate followup by second telescope

No ETI found in first run (sp 95)

Webpage:  http://www.seti-inst.edu

Used various other telescopes, including Arecibo
No civilizations found yet.



Amateur Projects
BAMBI (Bob and Mike’s Big Investment)
3.7 - 4.2 GHz Sky survey

SETI League project ARGUS
Use Satellite TV Dishes   (~ 100) as of 2001
1.4 - 1.7 GHz Channel width:  1 Hz

Sens. ~ 1 × 10–21 W m–2

Goal is 5000 sites
Aim for continuous sky coverage



Allen Telescope Array  (ATA)
SETI Institute, UC Berkeley
Major telescope dedicated to SETI
Partially constructed, some operations (2006)
Cost ~ 26 M $ ~ 1/2 provided by Paul Allen,

Nathan Myrvold (Microsoft)
Hat Creek, California
350 × 6 m antennas
1 - 10 GHz
Can examine 105 stars   3 times over a decade
Will extend targeted search much farther.



Expanding the Search Radius





Websites for SETI

http://www.seti-inst.edu/ Many Links

http://www.mc.harvard.edu/seti/ Project BETA



Update on Searches

Article by Jill Tarter, 2001
Annual reviews of Astronomy & Astrophysics, 39, 511

Appendix Available on WWW

99 SETI projects   > 14 ongoing in 2001

Some Optical, most radio



Update on Searches

Notable Ones:

Serendip SETI@home

META BETA

NASA Phoenix

BAMBI, ARGUS (Amateurs)

Allen Telescope Array (Future)



Beyond MOP

VLA Expansion “ARGUS”

Cyclops
1000 telescopes, each 100-m diameter

Detect 1000 MW transmitter at 1000 ly
or monitor 1000 stars simultaneously
or detect leakage radiation at 100 ly



Square Kilometer Array (SKA)


