Finding Inhabited Worlds
Among the Habitable Ones

Jill Tarter
Bernard M. Oliver Chair
SETI Institute, Mountain View CA

Sagan Fellows March 7, 2015



21st Century:
The Century of Biology

On Earth and Beyond -






GAME CHANGERS

FROM THE 20™ CENTURY




Two Kinds of Deliberate Sianals

Observational consequences:
Do astronomy!
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J. Learned et. al

Signals might appear
— Almost natural
— Engineered

Almost natural L.F. A. Arnold (2005)
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The Cosmic Haystack Is Huge
Nine Dimensional
* 3 — space
1 —-time
« 2 — polarizations
* 1 — frequency
* 1 — modulation scheme | ' (S5 &=
- 1- sensitivity

oCccurs at a different

point of the wave




At

Frequency compression: radio CW & pulses

: I Nature doesn’t

Current SETI Searches
Work on Simple Artifacts

Technology can approach limit
At Av =1 Uncertainty Principle

Time compression: broadband optical pulses




Terrestrial Microwave Window
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Radio: Natural vs. Engineered

Waterfall: File: 2011-11-15_19-19-12_UTC.act3151.dx3017.id-2.R.archive-compamp
Center Freq 8439 75?86? _MHz‘ Subband 0659 BW 533 3 Hz #Half Frames 0256 Artld 3151
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VOYAGER 1 SIGNAL: 106 AU AWAY




Project Phoenix: 1994 — 2004

1000 stars x 1700 MHz = 1.7 x 10° Star-MHz
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The ATA-42
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6.1 m Offset Gregorian Antenna - LNSD
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3 phased array
| 'f beams at 2




Beam Plus Offset Null

Measured Beam Patterns, EIOffset = 0 (Galaxy 15, 1575 MHZzZ)

Ordinary Beam
MNull Beam
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0.5-10 GHz
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Log-Periodic Feed — Frequency Independent

Refrigerator

Dewar



WBA 13 Noise Temp — Sandy Weinreb
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Transmission Through Glass Dome with Polyethylene Layer

1.00 | ° ' ' ' ‘ ' ‘ | ' ' | | ‘ ' | ' —
1.2 mm thick Poly added
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Glass only
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0.94 \

For a 1.0 mm thick fuzed quartz dome, \
with a polyethylene layer at various thickness
with a 4.0 mm air gap between glass and layer
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ATA Feed 5C Pattern Y 180 HV B & NB & Calculated

( gated & offsetl)

5 GHz

6 GHz

7 GHz

5 GHz NB

6 GHz NB

7 GHz NB

7 GHz NB Calculated
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Azimuth Angle ( deg )
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B: Bottle, NB: No Bottle




Gain
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oC, X-pole, ABB-081, Test 15 Noise Ratio
Various Bias Settings, 2011-12-05 With SB-038-B(2), Y-pole, ABB-
169, Test 15 Noise Ratio 2010-04-08
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Temp in K

100

Measured Receiver + Sky Temperature
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SonATA (SETI on the ATA) Since 2011
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Distant Suns-Max: Unleash Your Inner Astronaut

http://setiquest.info/data/obsinfo By First Light

Open iTunes to buy and download apps.

setiQuest Info Service SUNNNNNNN Description

Extra information to help the search for intelligent signals from Outer-Space!

Observation Status
Distant Suns-Max: Unleash Your Inner Astronaut Support»

What's New in Version 3.4.2

Screenshots

Distant Suns 3

Rated 4+
Requirements: Compatible with
10:00 p

Customer Ratings
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Sun Planets Const. SETI Events Prefs Inbox Store Help




Locatigns of Kepler Planet Candidates
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‘Narrowband’ Signals in Image

Sensitivity vs. Signal Bandwidth
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Search in Time Domain
Rather than Frequency Domain

ETl Site
Receive / Dclay /f\ml)lif}' / Retransmit

Anv lclc.\‘u)l)c
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Astronomical

Source: Quasar, Pulsar, etc.




‘Fast’ Time Variable Sources
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PLOT wWindow 2
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70,408 Red Dwarfs

N
s
Q
o
<t
—(
)
=
20
=
S
=
o

Catalog at 1.2GHz

DEC

DEC



LOFAR

ETI Italia

More
SETI
Today

Project Dorothy
15 Countries

Center Frequency: 8450 MHz
s Center Frequency: 8450 MHz

s Center Frequency: 8450 MHz

gt~ - EN
Center Frequency: 8450 MHz
Sky Frame Data Source
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Steve Levin
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pple Valley

dstone Radio Teleso{;f
‘\L‘ 2. and the }/
I Search for Extraterrestrial lntelllgence

B0 20 naezal
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FROM THIS SITE

THE FIRST OSETI SEARCH
WAS CONDUCTED BY -
DR RAGBIR BHATHAL §
IN YEAR 2000
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Harvard OSETI Sky Survey of Northern Sky
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Berkeley Optical SETI

7 KECK
/4
b Observatory
7 , 1000 KOls
P 10 y’s /hr in laser line

Leuschner
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2x1018 W
RADAR
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~10° stars
~ 10° years




The Future

GOl
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Colossus



_ 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)



Amount of Sky Searched with the ATA
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