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How common is intelligent life

in the galaxy?
N - R* . fp " Ne - ﬁ . ,fl . fC L Frank Drake, 1961

R* =the average rate of star formation per year in our galaxy

fp = the fraction of those stars that have planets

Ne = the average number of planets that can potentially support life per star
that has planets

f/ = the fraction of the above that actually go on to develop life
at some point

fi = the fraction of the above that actually go on to develop intelligent life

fc = the fraction of civilizations that develop a technology that releases
detectable signs of their existence into space

L =the length of time such civilizations release detectable signals into space

Sagan: “...the only significant test of the existence of extraterrestrial
intelligence is an experimental one.”



n. hits towards common...

Based on Kepler ~5-50% of FGKM stars
host an Earth-like planet.

e.g. Dressing et al 2013, Kopparapu 2013, Petigura et al. 2013



... but what about f, * f. *f_*L?

From the lack of constraints, it is equally likely that
we are the only civilization in the galaxy or that

there are thousands of them.

If intelligent life is common then nearby stars
may show evidence of other civilizations. Even if
the radio emission is not intentional, it can come in

the form of radio leakage.



Low Frequency Radio SETI - leakage

See also: Loeb and Zaldarriaga, 2006

United States Air
Force Space
Surveillance System
“Space Fence”

768 kW @ 217 MHz
(originally 108 MHz)

EIRP ~101°W

1202 x 1.5° Fan

Beam (3000 times the
solid angle of Arecibo
Planetary Radar)



The LOFAR frequency range
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71 First SETI experiment done at a wide range of low frequencies
(or large wavelength).



How sensitive is the LOFAR Core?
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SETIlin the solar neighborhood

with LOFAR

Observations of all stars systems
within 5pc (16.3 light years)

Observations conducted between
Aug. 2014 - Sep. 2014

10 - 250 MHz, LBA and HBA

12 min recording of
CV data = 100TB!
(or 400 laptops)

Tied-array Mode
with Core Stations



Observing Strategy
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Pulsar Detection Dependence on

frequenc
2 Pulses of Best Profile Search Information z PSR 23 10+42
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Pulsar Detection Dependence on

2 Pulses of Best Profile Search Information
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Pulsar Detection Dependence on

frequency

Pulsar Detection

LBA1 LBA2 HBA1l HBA2 HBA3
[20MHz - > 240 MHz]

Pulsar detection based on a single
band of 7MHz.

Increased sensitivity by adding
the full bandwidth of 41 MHz.
This done after processing with a
different pipeline only on few
selected targets.



Narrow-band Signal Search
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Narrow band signals —> artificial

Can assume rotation around host stars

Drifting signals
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Drift rate vs frequecy show our
algorithms are working well !

And may give extra information on the
signal.
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LOFAR Single Subband
- Dedoppler search unit
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Multi-beam RFI Rejection

High Resolution Spectra |
—— Beaml Threshold
— Beam?22 .
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sigma ~ 10 hrs

per subband.
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SNR ~ 8 days!!

Normalized Power
S

N

52640 52660 52680 52700 52720
Frequency [Channels]



Computation time is important!

10 (hours) x 204 (subbands) x 4 (beams) x 80 (obs) = 2 years
with a single computer!

Using SURFSara computing facilities (in Amsterdam)

Awarded
2 100k hours Grid
72 100K Hadoop




Multi-beam RFI Rejection

From a 5 SNR threshold, the rejection rate from
multi-beam is about 88%.

We are looking into other techniques to search the
remaining 12 %

Multi-beam has great potential and will be useful in
future observatories (SKA).






