
ASTR/GEOL-2040: Search for life in 

the Universe: Lecture 38

• Breakthrough initiatives

• SETI, which frequency?

• Arecibo message, etc.

Axel Brandenburg

(Office hours: Mondays 2:30 – 3:30 in X590

and Wednesdays 11-12 in D230)



Breakthrough

initiatives?

• Funded by Yuri Milner

– PhD (Th Physics 1985) from Moscow SU

– Lebedev Physical Institute

– Since 1990 in US, 1999 internet investor

• 2012: Breakthrough Prize (Phys, Life, Math)

• 2015: Breakthrough Initiatives

– Breakthrough Listen, Message, Starshot



1st step toward StarChip

• 1 M$ to study the 

ethics of sending 

messages
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ESA support to Breakthrough
• x

 exoplanets



Breakthrough support to ESA

• European Southern Observatory (ESA) 

collaboration with Breakthrough Initiatives

• VISIR upgrade

• VLT Imager & Spectrometer for mid IR

• Very Large

Telescope

4 x 8.2 m



Breakthrough Listen

• 100 M$ to SETI (2x NASA 1973-1993)

• 10 yr initiative, 1 – 10 GHz



Early beginnings

• Pioneered by Guglielmo Marconi (1874-1937)

– Made first transatlantic radio communication

– 1920 picked up extraterrestrial source?

• Nikola Tesla (1856-1943)

– Discovered whistler waves

• 1924 tried communication with Mars

– Closest approach

– US army joined the search



Searching - SETI

• Search for Extraterrestrial Intelligence

• What frequency?

• Radio!

• Astronomers: mapping galaxy in 21 cm



Neutral hydrogen

• Cause by spin flip of electron

• 21 cm line penetrates dust etc



Searching - SETI

• Search for Extraterrestrial Intelligence

• What frequency?

• Radio!

• Astronomers: mapping galaxy in 21 cm

• = 3e8/0.21 Hz = 1.42e9 Hz = 1420 MHz

• Doppler shift: blurred  1419 … 1421 MHz

• Maybe not use the same frequency  which?



Sagan’s idea

• Different by p

• e.g. (1420/p) MHz and/or (1420p) MHz

• Why not add and/or subtract?



Radio most favored



How & where to look?
• Pulsed (not too slow/fast)

• e Eridani
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Eavesdropping instead?

• Choice made for us: limited number of 

targets (neighborhood)

• Weak signal, if not directed toward us

• Perhaps additional clues: e.g., look for 

systems with outer Jupiters

• Why?
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Eavesdropping instead?

• Choice made for us

• Limited number of targets

• Weak signal if not directed toward us

• Look for systems with outer Jupiters

• Why?



Breakthrough

message
• 1 M$ to study the 

ethics of sending 

messages



1974 Arecibo message
• Easy decoding?

• Image 1679 = 23 x 73

• Frequency 2380 MHz

• Wavelength 12.6 cm



Arecibo message

• Numbers 1 – 10

• Atomic numbers   

M13



Arecibo message

• Numbers 1 – 10

• Atomic numbers   



Decoding the signal
• 0001

• 0110

• 0111

• 1111
Some of Drakes colleagues

Solved some of the riddles,

But nobody solved all of them



Decoding the signal
• 0001 = 1

• 0010 = 2

• 0011 = 3

• 0100 = 4

• 0101 = 5

• 0110 = 6

• 0111 = 7

• 1000 = 8

• 1001 = 9

• 1010 = 10

• 1011 = 11

• 1100 = 12

• 1101 = 13

• 1110 = 14

• 1111 = 15



Current surveys

Chan

nels

MHz

SETI 6x42m 450M 1 Hz 1390-

1720

70 

MW

UCB 305 m 168M .6 Hz 1370-

1470

1 

MW

SETI

Italia

32 m 24M .6 Hz 1400,

2800,

6400,

22400

30 

MW



Optical SETI

• Possible w/o radio

– Planting trees etc (comm w/ Mars)

– Installing mirrors

• High powered lasers!

• Passive SETI

• UV, X-rays, ….



Next

• Wow signal

• Fermi paradox

• Spreading colonies

• Other applications of astrobiology

– Artificial life, BS pp. 233 – 238 


