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e Our only messageto ET.

* Needlein ahaystack.

» Leakagesignals.

» Senditivity of telescope— Does size matter?

on May 5. Thehistory of SETI.
e Thefuture?
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* On November 16, 1974 Carl Sagan and Frank
Drake sent amessage for 3 minutes. Then repeated.
Now, we wait.

» By frequency modulation, they sent 1679 bits of
1/on and O/off.

» 1679 isthe product of 2 prime numbers-23 and 73.

» ET should be ableto try arranging them into a
picture.

» Sent toward the globular cluster M13 which is
21,000 lyrs away.

» Used the Arecibo telescope with alarge transmitter—
20 trillion watts of power.

I'm « If they'relooking, any SETI experiment will detect
this.
_——
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http://antwrp.gsfc.nasa.gov/apod/ap970717.html
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{1 WISUAL TION OF

ARECIEG TELESGOFE IN
PUERTE RIGO (1974)

ACTUAL DIAMETER OF ARECIBO
TELESCOPE 1004.52 Feat

101001 = 2430 |126 cm * 2430 =
o111 30,618cm = 1004,52"

11000 ATOMIC NUMBERS FOR LIFE

00011 00011 00711 00011 Decoyribose,

Contacting Us

* What does an advanced civilization that wants to contact
us do?
e Could set-up radio beacons
— Broadcast in all directions.
— Broadcast at several frequencies.
— Would require enormous energy Sources.
» Would be much better if they could use directional
messages.
» Existing transmitters on Arecibo are strong enough to
communicate across the galaxy with similar telescopes, but
with avery small beam.

* The problem iswhere to look or to transmit.
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DoesET Love Lucy?

One solution isto look for unintentional leakage signals.
Leakage, asit “leaks’ from the planet’sionosphere.

Our technology is not sensitive enough to detect this, but
maybe other civilizations are.

Television transmission exceeds 107 watts (10 MW).
Unableto really distinguish individual stations due to the
rotation of the Earth.

Would produce aregular 24 hour pattern for the last 60
years.

Asradio travels at speed of light, our leakage signals
have reached the nearest 2000 stars!

Thisisequal to our estimated radius (about 60 lyrs)!!!
They could already be calling back.

Thisisthe scenario explored in the novel Contact by Carl
Sagan and the movie based on the novel.
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Contact

“If humans were the only lifein
the Universe it would be aterrible
waste of space.”

Vega calls us back, but how can
we be sure that we're listening?

Our leakage radiation is actually
decreasing with cable, fiber
optics, direct satellite, etc.
Civilizations may not spend much
timein that phase.
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Problems Problems

Assume that an advanced
civilization is broadcasting either
in al directions or toward us.
Where and when do we listen?
What frequency?

What polarization?

What is the code?

The problem is worse than
searching for aneedlein a
haystack.

We have to assume that they are
constantly broadcasting, or the
problem isimpossible.
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http://nl.ijs.si/et/talks/esslli02/metadat
a files’Haystack-FINALb.jpg

Sky Dishes
Radio telescopes are Radio Telescape
similar to optical
telescopes.
Most radio telescopes are
Parabolic Cassegrains.
Radio telescopes measure
the source intensity— flux
density—in W m2 Hz'L,
Normal |y in Receivers amplify and deteet
-Jy (10—26 W m_2 HZ'l). radio signals. 3
The bi gger the dlSh, the itp:/fwww. a0, eduiwhatisralradiotel shtmi
more sensitive.

{rcarming
Radic Waves

off the dish and
focus at the tip.

Radio waves leﬂl!l::tl

Unblocked
Aperture

Astronomy 230 Spring 2004
Apr 21, 2004 Y Spring

Haystack: Sensitivity

» Sensitivity of aradio telescope: SD%
« The smaller the sensitivity the better. D VAU

» We haveto detect aweak signal in the presence of
Noi se.

» S0, ideally look in afixed direction for along
time-— better sensitivity to weak signals.

» But it may be the wrong direction.

Astronomy 230 Spring 2004
Apr 21, 2004 v Spring

Haystack: Direction

We can not a priori know — . ~
which direction to look, so -
we must ook in many _ \

directions. ‘ o| |

Tradeoff: The most sensitive ‘
radio telescope has the | v
largest diameter but the

smallest field of view.

Beam size decreases as the I/> | - A
| b2 |I
| A\

diameter increases. D
The number of timesyou ) (j
have to point to cover a L 2
certain area of the sky o i =/
increase as diameter squared. Bisinradians.
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Dish Decision

o If ET signals are afew strong signals, we can use
asmall telescope and listen for ashort timein any
direction. The small diameter dish covers more
area.

o If ET signal is many weak signals, we can use a
bigger telescope and observe in asingle direction
for along time. A weak signal requires a big dish,
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Haystack: Frequency

* Would the signal be concentrated in asmall range
of fregs?

* What size should a channel be?

» Could argue that the best choiceisaround 1 Hz.

e Thenin the 1-10 GHz band there are 9 x 10°
channels!

» With modern electronics we can survey large
numbers of channels, but not that many.

» What'sthe history of SETI?
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Project Ozma

Thefirst look for ET radio signals by Frank Drakein
1960.

Used a 26 meter telescope in W.V. using the H atom
frequency band of 1.42 GHz.

Targeted search of 2 nearby stars that are the same
age asour Sun: Tau Ceti in the Constellation Cetus
(the Whale) and Epsilon Eridani in the Constellation
Eridanus (the River), both around 11 lyrs away.

200 hours over 3 months.

A single 100 Hz channel scanned 400 kHz.
1 false dlarm due to a secret military
experiment.

Nothing detected at a sensitivity of

102 W m2

http://www.angel fire.com/pal
maryanne/images/ozma,jpg
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Ozmall |l

» Ben Zuckerman and Pat Palmer used the 91m telescopein
W.V. to survey the 670 nearest “suitable” stars.

» Targeted Search of stars with low mass and binaries that
allowed stable planet orbits.

» Alsoobserved at 1.42 GHz with 192 channels of 4 kHz
and 192 channels of 52 kHz.

e Could have detected a 40 MW transmitter on a100m
telescope.

e Observed for 500 hours.

 No detection at a sensitivity of 10-2W m2 (10 times
better than Ozma)
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Ohio State

In 1973 by F. Dixon and D. Cole.
Used Ohio State radio telescope for a continuous survey of sky.
Not steerable— sort of like Arecibo, so cuts a swath through the
sky: A Sky Survey

Searched overhead for signals.
Modest sensitivity 102'W m2
100 times worse than Ozmal |

Could only detect extremely strong transmissions.
Again, 1.42 GHz with 50 channels of 10 kHz.

Land was sold to a golf course development.
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The Wow Signal

Aug. 15, 1977, Jerry

Ehman was looking

through the data when he

recorded the Wow! signal. - X
A major signal in the f\\DU‘D :
telescope— 300 detection!

Unlikely to be noise, but '

never seen again.
"Even if it were intelligent £\
beings sending asignal, : [
they'd do it far more than i
once." |
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Paul Horowitz Searches #1
1.42 GHz

e Paul Horowitz moved from a small number of
channels to many channels.

1983 Sentinel: 128,000 channels covering 6 kHz

e 1985 META: 8 million channels with 400 kHz
bandwidth.

¢ 1993: Horowitz and Sagan reported 8 unexplained
signalsthat did not repeat.

e 1995 BETA: Nearly ahillion channels (2.5x108)
covering 2 GHz, 10 kHz channels. Windstorm
blew the telescope over in late 1990s.
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The NASA Search

« The most ambitious search was planned by NASA on the 500"
anniversary of the Discovery of America— Oct 12, 1992.

e “In 1993, Nevada Senator Richard Bryan successfully introduced an
amendment that eliminated al funding for the NASA SETI
program. The cost of the program was less than 0.1% of NASA's
annual budget, amounting to about anickel per taxpayer per year.
The Senator cited budget pressures as his reason for ending NASA’s
involvement with SETI.”

* "The Great Martian Chase may finally come to an end. As of today
millions have been spent and we have yet to bag asingle little green
fellow. Not asingle Martian has said take me to your leader, and not
asingle flying saucer has applied for FAA approva.”

http://www.planetary.org/html/UPDATES
/seti/history/History12.htm
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The NASA Plan

2 prorapproach using both Targeted
Sky Surve
» Sky Survey:

Zz with 16 million
0 different settings.

— 6 year plan covering
channels of 20 Hz ea

o Targeted
— Cover

#-3 GHz range and 10-2/ W mr? sensitivity!
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The SETI Institute

» Anindependent institute that was working with
NASA on their SETI project.

* Once NASA cut funding, they went ahead with a
more modest version of the Targeted Search—
Project Phoenix.

» Now funded by private donors.

* [Initially asearch of 200 stars within 150 ly younger
than 3 x 10° yrs using an Australian 63 m tel escope
for 5 minutes on each target.

» Scanned 28 million channels each 1 Hz wide, used
multiple settings to scan 1.2 to 13.0 GHz
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Project Phoenix

o Still operating, but now at Arecibo
( )

» About 2-3 weeks ayear of telescope time to scan atotal of 1000
stars.

» They are about %2 way through their list.
* Asof yet, no ET signals.

» Proof of concept was shown by tracking the Pioneer 10
spacecraft (launched in 1973) that is 6 billion miles away and
broadcasting with a few Watts of power.

* Thesigna was detected.

» Asthe Earth and object are
moving, there is a small
Doppler shiftinthe
frequency of the light
received over time.
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Allen Telescope Array

» Atthe BIMA site, UC Berkeley and the
SETI Institute with majority of funding
from Paul Allen are building the ATA.

e 350 antennas that are 6.1 m in diameter.

 Areacomparison: Arecibo (70.6 km?) &
ATA (10.2 knm?) but still > 100 m.

» And small dishes-larger field of view.

» With advanced electronicsit will cover
1-10 GHz with many channels.

» Canimage afew stars per field.
» 100% SETI

e Will increase search to 100,000 or 1
Million stars.
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End All

* The modern SETI searched are really expanding
the frequency range in which we search, but we
are still sengitivity limited.

* Inany SETI experiment, what does a null result
mean?
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The Future?
Cyclops — 1000 ==
telescopes each 100 min
diameter.

Resembles agiant eye.
Could detect leakage
transmission at 100 ly.
Could detect a 1000 MW
transmission at 1000 lyrs.

Bucco Bucks- $50B and ==
10-20 yrsto build. e
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