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‘“‘Nothing in the Universe is unique and
alone, and therefore in other regions
there must be other earths inhabited
by different tribes of men and breeds

of beasts.”

Lucretius, ¢. 60 BCE



‘““Life, as it exists on Earth in the form of
men, animals and plants, is to be found, let

us suppose ... in the solar and stellar
regions. Rather than think that so many stars
and parts of the heavens are uninhabited and
that this earth of ours alone is peopled ...
we will suppose that in every region there

are inhabitants.”

Nicholas of Cusa, 1440
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‘““The Search for Extraterrestrial
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Intelligence represents the last battle

over anthropocentrism.”
Steven J. Dick, 1993
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Meetings: Problems of De~

tecting Extraterrestrial
19~20 Dec 1958 Life: Cambridge (Mass)'

: ADM: ORG: NAS: Space Sc B
National Academy of Sciences Requests for Support: Pro

2101 Constitution Avenue, N.W. posals: Stanford U: Extra

Washington 25, D. C. | terrestrial Contamination
| & Detection of Life on

Other Planets: Lederberg .
SPACE SCIENCE BOARD 1959: 13 Apr

Meeting on the Problems of
Detecting Extraterrestrial Life

Massachusetts Institute of Technology
December 19 and 20, 1958

Participants:

Cowie Hartline Miller Vishniac
Davies Kamen Rossi Billings
Derbyshire Levinthal Schmitt - Freeman
Doty Luria Sistrom Young
Gold MacNichol Towmsend




NATURE September 19, 1959

SEARCHING FOR INTERSTELLAR COMMUNICATIONS
By GIUSEPPE COCCONI* and PHILIP MORR'SCN1

Cornell University, Ithaca, New York

O theories yet exist which enable a reliable

estimate of the probabilities of (1) planet
formation ; (2) origin of life ; (3) evolution of societies
possessing advanced scientific capabilities. In the
absence of such theories, our environment suggests
that stars of the main sequence with a lifetime of
many billions of years can possess planets, that of a
small set of such planets two (Earth and very prob-
ably Mars) support life, that life on one such planet
includes a society recently capable of considerable
scientific investigation. The lifetime of such societies
is not known ; but i1t seems unwarranted to deny
that among such societies some might maintain
themselves for times very long compared to the time
of human history, perhaps for times comparable with
geological time. It follows, then, that near some star
rather like the Sun there are civilizations with
scientific interests and with technical possibilities
much greater than those now available to us.

* Now on leave at CERN, Geneva.

T Now on leave at the Imperial College of Science and Technology,
London, S.W.7.

To the beings of such a society, our Sun must
appear as a likely site for the evolution of a new
society. It is highly probable that for a long time
they will have been expecting the development of
science near the Sun. We shall assume that long ago
they established a channel of communication that
would one day become known to us, and that they
look forward patiently to the answering signals from
the Sun which would make known to them that a new
society has entered the community of intelligence.
What sort of a channel would it be ?

The Optimum Channel

Interstellar communication across the galactic
plasma without dispersion in direction and flight-time
is practical, so far as we know, only with electro-
magnetic waves.

Since the object of those who operate the source
is to find a newly evolved society, we may presume
that the channel used will be one that places a
minimum burden of frequency and angular discrimi-




NATURE September 19, 1959

At what frequency shall we look ? A long spectrum
search for a weak signal of unknown frequency is diffi-
cult. But, just in the most favoured radio region there
lies a unique, objective standard of frequency, which
must be known to every observer in the universe :
the outstanding radio emission line at 1,420 Me./s.
(A == 21 em.) of neutral hydrogen. It 18 reasonable
to expect that sensitive receivers for this frequency
will be made at an early stage of the development of
radio-astronomy. That would be the expectation of
the operators of the assumed source, and the present
state of terrestrial instruments indeed justifies the
expectation. Therefore we think it most promising
to search in the neighbourhood of 1,420 Mec./s.




Frank Drake

1930 - 2022
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Atoms and nuclei

HCONPS

Inorganic Molecules
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Joshua Lederberg, Chairman
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Call for Meeting Saturday, October 28, 1961, 9:00 A.M.

Faculty Room, Dean's Office
Stanford Medical Center
Palo Alto, California

Methods

¥-ray spectra

neutron activation

electron~activation
X=ray spectra

X-ray absorption

Mass spectra

Conversion to molecules
for (2)

A -ray back scattering

Mass spectra

H20 002 CHh NH5

Organic Molecules

amino acids
sugars
nucleins
lipids
metabolites

Gas chromatogjranhy
volatility and ioni= -

Special methods = hygro-

metry by conductivity; CO

by alkali absorption

lass spectra

IR absorption spectra
UV absorption spectrs
ESR and NMR
(Spectro) polarimetry
Gas chromatography
Special reagents,e.qg.,
speci fic enzymes

Relevance to life

Particular (inference

from high local concen-
tration and variety):
clues to higher complexity

abundance: defines
habitat.

Particular = as decomposition
products of higher com=
‘plexity

2

abundance: defines habitat

Particular - as evidence
of metabolism.

Apart from specific identi-
fication net optical activity
implies asymmetric catalysis.

Committees:
MeetingsRE‘.\..\' ‘.JSNC'TG?’

Vi.

Vil,

Exobiolﬁgy:

V. MHacromolecules

Proteins
Nucleic acids
polysaccharides

usually determined as
agregates with high
molecular weight, de=-
composable to the
monomers

Organized Structures

(cells, organelles)

Artefacts

Diffusion: dialysis;

May be reasonably

molecular sieves, ultra- decisive of some stage

centrifugation
solubility

end group analysis
electron microscopy
functional tests:

enzymes and antigens

Special reagents:
enzymes and stains

Microscopy

Decomposition to
components analysable
by destructive methods

Non~destructive methods
(spectroscopy)

Separation by density

Microscopy

Photography

(functional byproducts
of life)

Information Visual

Acoustic
Radio

of life if the identi-
fication is adequate

Form alone may or may

not be pcrsuasive; more so
in combination with other
analytical data, e.g,
spectra = or with functional
evidence: motility,
catalysis, metabolism

Evidence of purposeful
activity, e.qg., bee
hives, bomb shelters

Intelligent communication













ICARUS 19, 329-340 (1973)

A Search for Narrow Band 21-cm Wavelength Signals

Ozpa, 1971-72
i GBO 140’ / 300’

National Radio Astronomy Observatory, Green Bank, West Virginia 24944

Received February 21, 1973 o —
MinsS —

A search for narrow band radio signals, in the 21-ecm wavelength band, possibly
generated by other civilizations, has been made in the direction of ten stars. No
such signals were found and upper limits to the power of possible transmissions
toward the Earth are given.

days of Ozma
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Ozma Il - Palmer and Zuckerman

We now have a 400-channel correlator
(Frank had a 1 channel scanning radio-
meter), a 300-foot telescope (Frank used
85-1), and two 50°K 21 cm paramps
(Frank’s amplifier was typically 500°K). All
of these effectively allow us to take data

10,000,000 times faster than in the original
Ozma experiment ... We were given a
week on the 300-foot telescope to carry
OUt OU r search. ( Imer and Zuckerman,

I72: 26).

Parameter Value

Antenna NRAO 91 m

B i
HPBW 10-11

i -~
stars
System 50K

| tomperais | |

Integration Time 4 minutes

Total Time 500 hr
Spectral 1420.1-
Window 1 1420.7
Width 625 kHz
Sensitivity 1072 W/m?
Spectral 1413 -
Window 2 1421.5 MHz
Width 10 MHz
Sensitivity 3x 107
W/m




ICARUS 42, 136-144 (1980)

A High-Sensitivity Search for Extraterrestrial Intelligence at A18 cm

J. TARTER

Space Sciences Laboratory, University of California, Berkeley, California 94720

J. CUZZI aAnD D. BLACK
Theoretical and Planetary Studies, NASA-Ames Research Center, Moffett Field, California 94035

AND

T. CLARK
Radioastronomy Branch, NASA-Goddard Space Flight Center, Greenbelt, Maryland 20770

300" telescope

201 stars
65k channels via tape + offline FFT L

Much of this project has been supported under NASA
Grant NS§SG 2271 (J.T.) and NASA Interchange NCA2-

Comparison scans offset in RA

ORO50-702 (J.C.).



Date 1983
Observer(s) DAMASHEK
Site NRAO
Instrument Size (m) 92

Search Frequency (MHz)

Search Wavelength (nm)

Frequency Resolution (Hz)

Other Resolution

Objects (Hz) SKY SURVEY (PULSARS)
Flux Limit (W m™2) 2X10° %2
Total Hours 700
Reference

Link

Comments Sixteen MHz sampled at 60 Hz; 8 contiguous frequency channels. Search

for single dispersed pulses and telemetry (bit stream) signals.




THE BERKELEY PIGGYBACK SETI PROGRAM: SERENDIP I

S. Bowyer and D. Werthimer

Space Sciences Laboratory, University of California
Berkeley CA 94720 USA Power/Mean Power (Sigma)
30 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

V. Lindsay
San Francisco State University
San Francisco CA 94132 USA

Log of Number of Events

300" telescope |
Commensal SR -

88E hours in 1986-87 P . Dt of v g SERENDIE i v s
Look for 15-sigma signals that don’t
occur at more than one sky position

o







Date 1986
Observer(s) MIRABEL
Site NRAO

Instrument Size (m) 43

Search Frequency (MHz) 4829.620 — 4829.776

Search Wavelength (nm)

Frequency Resolution (Hz)

Other Resolution

Objects (Hz) GALACTIC CENTER & 33 NEARBY STARS
Flux Limit (W m~2) 6 x10 25to107%4

Total Hours 144,

Reference

Link

Comments Search at H 2 CO frequency. Included star HD170493 located in front of

dark “anti-maser” cloud.




SEARCH FOR INTERSTELLAR BEACONS AT THE *HE* HY-
PERFINE TRANSITION FREQUENCY

THOMAS M. BANIA

Department of Astronomy, Boston University, 725 Commonwealth
Ave., Boston, Massachusetts 02215

ROBERT T. ROOD
Department of Astronomy, University of Virginia, Box 3818 University
Station, Charlottesville, Virginia 22093

31 Aug / 1 Sep 1988
Select 7 stars with 60-micron excess (Dyson spheres?)

Observe at 8.7 GHz with 140’ telescope
6 mins on / 6 mins off




Project Phoenix: A Summary of SETI Observations and Results, 1995 - 2004

Show affiliations

Backus, P. R. ; Project Phoenix Team

Project Phoenix was a Search for Extraterrestrial Intelligence (SETI) that observed nearly 800 stars within about 80 parsecs over the
available frequencies in the microwave spectrum from 1200 to 3000 MHz with a resolution of 0.7 Hz. The search had three major
observing campaigns using the Parkes 64 meter, the NRAO 140 Foot, and the Arecibo 305 meter antennas. Phoenix used real time signal
detection and immediate verification of possible ETI signals. The search looked for narrowband signals that were continuously present, or
pulsed regularly, and allowed for frequency drift rates of up to about 1 Hz per second. A database of terrestrial signals found in the
previous week was used to match against detections for each observation. Candidate signals, i.e., those not in the database, were
checked immediately with a "pseudo-interferometric" observation using a second, distant antenna, or by simple on-off observations if
the second antenna was unavailable. While millions of signals were detected, all proved to be from terrestrial technology. In conclusion,
we can set upper limits on the power of narrowband transmitters in the vicinity of nearby stars.






THE ASTROPHYSICAL JOURNAL, 767:94 (13pp), 2013 April 10 doi:10.1088/0004-637X/767/1/94
© 2013. The American Astronomical Society. All rights reserved. Printed in the U.S.A.

A 1.1-1.9 GHz SETI SURVEY OF THE KEPLER FIELD. 1. A SEARCH FOR
NARROW-BAND EMISSION FROM SELECT TARGETS

ANDREW P. V. SIEMION!, PAUL DEMOREST?, ERic KORPELA!, RON J. MADDALENA?, DAN WERTHIMER', JEFF COBB!,

ANDREW W. HOWARD?, GLEN LANGSTON?, MATT LEBOFSKY', GEOFFREY W. MARCY!, AND JiLL TARTER"

1 University of California, Berkeley, 110 Sproul Hall, Berkeley, CA 94720, USA
2 National Radio Astronomy Observatory, 520 Edgemont Rd Charlottesville, VA 22903, USA
3 Institute for Astronomy, University of Hawaii, 640 North A’ohoku Place, #209 Hilo, HI 96720-2700, USA
4 SETI Institute, 189 Bernardo Ave #100 Mountain View, CA 94043, USA
Received 2012 December 6; accepted 2013 February 3; published 2013 March 28

Kepler Field Targeted Observations 02/2011 - 04/2011

f ’ !

Median Distance to a Kepler Field Star
== (BT Heterodyne Receivers

B All Detections
B Peak Detections -
P Final Candidates
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Number of Detections
Detectable Range (Ly)

1000
Frequency (GHz)
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Visit the Green Bank Telescope in VR (Part One)

4,508 views * Jun 29, 2017 e 32 &3 & SHARE =i SAVE ...

9  BerkeleySETI
wanss  4.29K subscribers SUBSCRIBED Q

We took a GoPro Omni 360 VR camera up to the top of the Green Bank Telescope, the largest
steerable radio telescope in the world. Join us on Part 1 of our journey, as we check out the
telescope wheels that each carry more than a million pounds of weight, and learn about the 2004

SHOW MORE
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Visit the Green Bank Telescope in VR (Part One)

4,508 views * Jun 29, 2017 il 82 &3 A SHARE =4 SAVE

MUSTANG (2)
Ku, Ka, W, Q (7)

E ] BerkeleySETI SUBSCRIBED ) Re C e i Ve r i n F O C U S

ssmceevser 4 29K subscribers

We took a GoPro Omni 360 VR camera up to the top of the Green Bank Telescope, the largest
steerable radio telescope in the world. Join us on Part 1 of our journey, as we check out the
telescope wheels that each carry more than a million pounds of weight, and learn about the 2004

SHOW MORE
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Searching for Pulses / Triplets 21% =
Doppler drift rate: 0.0000 Hz/sec Resolution: 76.294 Hz
Pulse: power 1.22, period 0.7274, score 0.54
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he Search for
Extraterrestrial Intelligence at HOME

Data Analysis

[

Overall: 0.198% done CPU time: 0 hr 01 min 33.2 sec

-

™~

Press F1 for info Version 3.07
hitp://setiathome.berkeley.edu
Data Info

From: 12 hr 1° 1" RA, + 25 deg 51" 36" Dec

Recorded on: Fri Oct 03 16:10:19 2003 GMT

Source: Arecibo Radio Observatory
Base Frequency: 1.420019531 GHz

User Info

Name: nnn

Data units completed: 2216

Total computer time: 20330 hr 06 min 07.0 sec

107.4

0.0 Frequency (Hz)
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complex voltages
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GREEN BANK DATA PRODUCTS

HIGH FREQ.
RESOLUTION

MEDIUM
RESOLUTION

HIGH TIME
RESOLUTION

~3 Hz frequency bin resolution,
~18 second sample time (SETI)

~3 kHz frequency bin resolution,
~1 second sample time

~366 kHz frequency bin resolution,
~349 us sample time (pulsar)
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ABSTRACT
Exoplanetary systems are prime targets for the Search for Extraterrestrial Intelligence (SETI). With

the recent uptick in the identification of candidate and confirmed exoplanets through the work of
missions like the Transiting Exoplanet Survey Satellite (7TESS), we are beginning to understand that
Earth-like planets are common. In this work, we extend the Breakthrough Listen (BL) search for . . . . .
extraterrestrial intelligence to include targeted searches of stars identified by TFESS as potential exo-

planet hosts. We report on 113 30-min cadence observations collected for 28ytargets seleI::ted from the TO I s q re VI ewe d I n th e I r e C I I pill C
TESS Input Catalog (TIC) from among those identified as containing signatures of transiting planets.

The targets were searched for narrowband signals from 1 — 11 GHz using the turboSETI (Enriquez

et al. 2017; Enriquez & Price 2019) pipeline architecture modified for compatibility with the Google .

Cloud environment. Data were searched for drift rates of +4 Hz /s above a minimum signal-to-noise 2 8 TO I s I n LS CX ( ‘I ‘I 3 Ca d e n Ce s
threshold of 10, following the parameters of previous searches conducted by Price et al. (2020) and

Enriquez et al. (2017). The observations presented in this work establish some of the deepest limits

to date over such a wide band (1 — 11 GHz) for life beyond Earth. We determine that fewer than °

12.72% of the observed targets possess transmitters operating at these frequencies with an Equivalent N o d e te Ci'l o n s > 5 e ‘I 4 W

Isotropic Radiated Power greater than our derived threshold of 4.9 x 104 W.

Keywords: exoplanets — technosignatures — search for extraterrestrial intelligence
1. INTRODUCTION ing unanswered questions in science. There are three Trqqs ei‘ al' (202‘I )' AJ
1.1. SETI Methods traditional techniques to detecting intelligent life. The
first method is in situ sampling, where studies are con-
ducted at the site of interest. While this approach would
provide us with results containing the least amount of
uncertainty, it is infeasible in practice when studying
extrasolar objects due to the vast interstellar distances
involved. This brings about the need for techniques that
o can indirectly study sites of interest, which motivates
traasb5694@Quwlax.edu .. . L.
raffytraas14@gmail.com the remaining two strategies: remote biosignature and
) ‘ technosignature searches. Technosignature searches are

The Search for Extraterrestrial Intelligence (SETI) is
the endeavor to discover the existence of intelligent life
elsewhere in the universe — one of the longest stand-

Corresponding author: Raffy Traas
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The Breakthrough Listen Search for Intelligent Life: Technosignature Search of Transiting TESS Targets of Interest

NoaH Franz,"? STEVE CrOFT,"? ANDREW SIEMION," ' RAFFY TRAAS,”' MATT LEBOFSKY,' DavID H. E. MACMAHON,'
DANNY C. PrICE,"® SoFiA Z. SHEIKH,' JAMIE DREW,” AND S. PETE WORDEN'
1 Department of Astronomy, University of California, Berkeley, 501 Campbell Hall 3411, Berkeley, CA, 94720, USA
2 Department of Physics and Astronomy, Siena College, 515 Loudon Rd, Loudonville, NY 12211, USA
3SETI Institute, Mountain View, California
YUniversity of Malta, Institute of Space Sciences and Astronomy
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b International Centre for Radio Astronomy Research, Curtin University, Bentley, WA 6102, Australia
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ABSTRACT
The Breakthrough Listen Initiative, as part of its larger mission, is performing the most thor-
ough technosignature search of nearby stars. Additionally, Breakthrough Listen is collaborating with
scientists working on NASA’s Transiting Exoplanet Survey Satellite (TESS), designed to search for
nearby exoplanets, to examine TESS Targets of Interest (TOI) for technosignatures. Here, we present
a 1 — 11 GHz radio technosignature search of 61 TESS TOI that were in transit during their Break-
through Listen observation at the Robert C. Byrd Green Bank Telescope. We performed a narrowband

L with

Doppler drift search with a minimum S/N threshold of 10, across a drift rate range of +4 Hzs
a resolution of 3 Hz. We removed radio frequency interference (RFI) by comparing signals across ca-
dences of target sources. After RFI removal, there are no remaining events in our survey, and therefore
no technosignature signals-of-interest detected in this work. This null result implies that at L, S, C,
and X bands, fewer than 52%, 20%. 16%, and 15%, respectively, of transiting exoplanets possess a
transmitter with an equivalent isotropic radiated power greater than a few times 10 W,

Keywords: technosignatures — search for extraterrestrial intelligence — radio astronomy —— exoplanets

[. INTRODUCTION including the Robert C. Byrd Green Bank Telescope

The Search for Extraterrestrial Intelligence (SETIT)
seeks an answer to the age-old question: Are we alone in
the universe? The search for technosignatures, or signs
of intelligent extraterrestrial life, began in the 1960s
(Drake 1961). Due to the limited technology, this search
was across a narrow band of radio frequencies. However,
as technology has developed, technosignature searches
have become much more advanced.

The Breakthrough Listen (BL) Initiative, launched in
2015, will search over 1 million targets for technosigna-
tures over its 10-year lifetime (Worden et al. 2017). BL
searches for technosignatures in both the optical and

radio wavelengths, using a wide variety of telescopes

Corresponding author: Noah Franz

nr25fran@siena.edu

(GBT), the Automated Planet Finder (APF), and the
Parkes Telescope. This work presents a technosignature
search of the frequency range 1 — 11 GHz using the GBT
in West Virginia. The Breakthrough Listen backend on
the GBT delivers billions of frequency channels of data
across several GHz of bandwidth during every observa-
tion. See MacMahon et al. (2018) and Lebofsky et al.
(2019) for information about the instrument, data for-
mats, and post-observation data management.

BL employs many strategies for target prioritization:
one such strategy is to emphasize targets from NASA’s
Transiting Exoplanet Survey Satellite (TESS). TESS
has found many new exoplanets, some of which may
have suitable conditions for life. Traas et al. (2021) re-
cently performed a technosignature search of 28 TESS
targets of interest (T'OI) using the L, S, C, and X-band
receivers at the GBT. Transiting systems are prioritized

Noah Franz -1t
Student at Siena College
Albany, New York, United States - Contact info

Berkeley SETI Research

il Center

m Siena College
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OBSERVATION STRATEGY

Deep observations of GC(0,0)
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Survey of the bulge
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GC SUMMARY

» Comprehensive survey of the GC from 1 - 93
GHz with GBT and Parkes

» Searched for narrowband drifting signals
towards 60 million stars across 1 - 4 GHz
and 0.6 million stars across 4 - 8 GHz with
EIRP limits of 1018 W and 1077 W,

respectively
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» Searched for new class of artificially
dispersed signals

* Can also search for natural sources such as
pulsars and magnetars. Current survey found

no transient source with peak luminosity
21031 erg/sec and 20.23 bursts/hr
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Are we alone? New grant supports
citizen science searching for
Intelligent life with the GBT

Posted on 2022-03-17 at 11:19 am.
Written by Jill Malusky

Photo by Jee Seymour.

The Planetary Society has awarded nearly $50,000 to UCLA Professor Jean-Luc Margot for a new

citizen science project using the Green Bank Telescope (GBT), "Are We Alone? A Citizen-Science-

Enabled Search for Technosignatures.”

THE ASTRONOMICAL JOURNAL, 163:76 (19pp), 2022 February https: / /doi.org/10.3847 /1538-3881 /ac426f

© 2022. The Author(s). Published by the American Astronomical Society.
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A Machine Learning-based Direction-of-origin Filter for the Identification of Radio
Frequency Interference in the Search for Technosignatures
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A Search for Radio Technosignatures at the Solar Gravitational Lens Targeting Alpha
Centauri
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Extending the Breakthrough Listen nearby star survey to other stellar
objects in the field

2 . .
B. S. Wlodarczyk-Sroka,'* M. A. Garrett'** and A. P. V. Siemion'~
! Jodrell Bank Centre for Astrophysics, Department of Physics and Astronomy, Alan Turing Building, The University of Manchester, Manchester M13 9PL, UK
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3 Department of Astronomy, University of California Berkeley, Berkeley CA 94720, USA
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Constraints on extragalactic transmitters via Breakthrough Listen observations of background

sources THE EXTRAGALACTIC ALIEN HUNT

SETI, DEEP SPACE, ALIENS

M.A. Garrett'? and A.P.V. Siemion>*!
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Breakthrough Listen Open Data Archive - Testing Version

Breakthrough Listen data are stored in technical formats that require specialized software to analyze, and file sizes can be several gigabytes. Before

downloading files from our public archive, we recommend you familiarize yourself with how the data are stored. A good place to start is with the educational
materials provided by Berkeley SETI Research Center. You can find documentation relating to the backend api here.
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‘ - 000 +
Ungraded Ascension (%) Max

-1 646 +

Los Angeles Metropolitan Area - 62 connections - Contact info

Frequency

Center (MH2z)
Declination (°) - | 500,  +
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- 528 + Research Assistant

Berkeley SETI Research Center
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Radius (°)

- 1.00  +

Berkeley SETI is part of a wider organization working to find evidence of Intelligent
Extraterrestrial life.

-Implemented a series of additional filtering options and cadence search to both the front end
and backend of the public data archive using python and SQL.

-Working on improvement of cadence search (currently reached ~1200x speedup) and
positional search on the archive.

@ Search Tips

Show 25 4 entries Search:

Education

UTC (DD/MM/YYYY) ~ MJD Telescope Target RA Center Freq File Type Size Quality

University of California, Berkeley

Bachelor's degree, Physics and Computer Science, Freshman
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Searching the Stars for Extraterrestrial Life

Casey Brinkman "17 is part of a team that’s unraveling one of astrophysics’ greatest mysteries

http://seti.berkeley.edu/bl_gbo.html
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Re-Analysis of Breakthrough Listen Observations of FRB 121102: Polarization Properties of Eight

N Spectrally N Burst . . . .. . .
oW Spectraly Trarrow DUrsts The Breakthrough Listen project is making its digital recorder backend at the Green Bank
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S. Pete Worden®

Telescope available for a minimum of 50 hours of shared-risk observations each semester.
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3 Department of Astrophysics/IMAPP, Radboud University, Nijmegen, Netherlands
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A\v W ST
*’_ \ .”/ \@ } ‘ , /',' ABSTRACT

"“ : ~ We report polarization properties for eight narrowband bursts from FRB 121102 that have been
= : re-detected in a high-frequency (4-8 GHz) Breakthrough Listen observation with the Green Bank
Telescope, originally taken on 2017 August 26. The bursts were found to exhibit nearly 100% linear
polarization, Faraday rotation measures (RM) bordering 9.3x10%rad-m~2, and stable polarization
position angles (PA), all of which agree with burst properties previously reported for FRB 121102 at
the same epoch. We confirm that these detections are indeed physical bursts with limited spectral
occupancies and further support the use of sub-banded search techniques in FRB detection.
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A Model-independent Radio Telescope Dark Matter Search
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Figure 1. Radio spectrogram plots created from setigen frames. A: Frame with only synthetic chi-squared noise. B: Frame from panel (A) with an injected
synthetic signal at S/N = 30. C: “Real” GBT observation of Voyager I carrier signal at the X band. D: Frame from panel (C) with an injected synthetic signal at
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Candidate information
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SETI Institute to Recognize 4
Undergraduate Students at
Drake Awards Event

Fact Sheet
Press Releases

Photos

May 2, 2022 Tags: Press Releases , Education u n

. Research Experience for
Undergraduates

The SETI Forward Award encourages students to pursue careers in the
search for life in the universe, the REU Award of Excellence honors an
outstanding intern

SETI Forward Recipients

Yiwei Chai is a senior at the University of
Pennsylvania, majoring in physics. She
received the opportunity to undertake a
research internship at the Berkeley SETI
Research Center in the summer after her junior A
year. She worked with Dr. Wael Farah to '
develop a GNU Radio SETI search pipeline for
the SETI Institute's Allen Telescope Array (ATA).
The internship helped her develop a greater
appreciation for data-driven SETI approaches
and the observation-to-analysis pipeline. She
particularly enjoyed the week she spent on-
site at the ATA in Hat Creek, CA, during which
she also learned how to drive a buggy! This
fall, Yiwei will be headed to Johns Hopkins
University to begin a Ph.D. in Astronomy and
Astrophysics, where she hopes to pursue
questions about exoplanet populations and planetary habitability.

9y

“My experience at the Berkeley SETI Research Center was wonderful,” said Chai. “| had the
opportunity to learn a lot about how questions are asked and investigated in this field while also
being exposed to various hard skills that are important to doing astronomy research in general.
The internship also had a great balance of interesting work and interesting experiences—it's not
every summer that you get to visit two different observatories and see the instrumentation and the
backend where all the professional observing and research happen! | came out of the summer with
a better idea of what life as an astronomer might look like and can say that | am very excited to
pursue that path.”

Raffy Traas is a 4th-year undergraduate
studying astrophysics and applied math at the
University of Wisconsin-La Crosse. He was
adopted from the Philippines at the age of 2.
He seeks to use these experiences to
someday help advance the visions, missions,
and goals of the recently founded Philippine
Space Agency as a researcher and science
communicator. As an intern at Breakthrough
Listen under the mentorship of Steve Croft,
Raffy improved its data processing pipeline by
enabling it to leverage the computational
power of Google Cloud Platform. Using this
new processing infrastructure, he analyzed
Breakthrough Listen’s initial observations of

Dr. Sofia Sheikh Awarded
National Science Foundation
Fellowship for Research &
Education at the SETI Institute's
Allen Telescope Array

Dan

Sep 22, 2021

Tags: Press Releases , ATA News
, Awards , Fast Radio Bursts ,
SETI

The Allen Telescope Array in Hat Creek, California. Image Credit: Greg Hark. DOWNLOAD.

September 22, 2021, Mountain View, CA - The SETI Institute is
announcing that Dr. Sofia Sheikh has been awarded a
Mathematical and Physical Sciences Ascending Postdoctoral
Research Fellowship (MPS-Ascend) for research and education
by the National Science Foundation (NSF). Sheikh’s research is
focused on fast radio bursts (FRBs) and developing improved
technosignature detection methods, specifically by searching
higher radio frequencies and in new areas of the sky. She will
also mentor underrepresented students in physics and
astronomy, helping them build strong networks and providing
valuable research experiences. Sheikh's work will leverage the
unigue qualities of the Allen Telescope Array (ATA), the only
radio telescope constructed with SETI as its principal activity.

“The combination of Sofia's keen scientific abilities and
audacious passion for carving her path is truly remarkable,*
said Andrew Siemion, Bernard M. Oliver Chair for SETI at the
SETI Institute. "Sofia is a world-class scientist who is demonstrating vision, tenacity and academic
excellence in researching a profound and challenging topic.”

Dr. Sofia Sheikh. DOWNLOAD.

Undergraduate Megan Li Receives Prestigious
USRA Award

December 15, 2021 | By Michelle Franklin

Megan Li, majoring in physics with a specialization in astrophysics, has
been selected as a 2021 Universities Space Research Association
(USRA) Distinguished Undergraduate. Distinguished undergraduates
are selected based on their academic record and accomplishments, an
essay, and letters of recommendation. Recipients get a certificate and
cash award.

USRA's mission is to advance space- and aeronautics-related sciences

tion
David Lipman - 1st +ee  and
Software Engineer Intern at Verily Life Sciences 5,
O 3w . Edited - ®

I'm beyond excited to announce that this week | graduated magna cum laude
from Princeton University with a Bachelors of Science and Engineering in you're
Computer Science and a certificate in Statistics and Machine Learning. Thank Megan with Assistant Professor of Physics Karin
you to all of my family and friends who made this incredible journey possible. | sics,
wouldn't have wanted to spend my four years anywhere else and am eternally jeles.

grateful for all of the memories and relationships I've formed at Princeton. Go
Tigers!

With that, | am also excited to announce that beginning this summer I'll be
working as a Software Engineer on the Trust and Safety team at Roblox. I'm
elated to be starting my career at such an innovative company, and am eager
to make the metaverse a safe place for everyone!

Jakob Faber 21
Receives
Fulbright
Research
Fellowship at
McGill Space
Institute in
Montréal

An aspiring astrophysicist, Faber

Jakob Faber '21
Photo credit: Jonathan Clark '25

will gain access to the emerging
field of Fast Radio Bursts.

JUNE 9, 2021 « Amanda Nagy
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The Case for Technosignatures: Why They May Be Abundant, Long-Lived, Highly-Detectable, and

Unambiguous
JAsoN T. WRiGHT & 123 JacoB HAQQ-MisrA (204 ApaMm FrRANK 22 ° RAavi KOPPARAPU 2% Manasvi Lincam &2 7 AND
SOFIA 7. SHEIKH

L Department of Astronomy € Astrophysics, 525 Davey Laboratory, The Pennsylvania State University, University Park, PA, 16802, USA

2 Center for Exoplanets and Habitable Worlds, 525 Davey Laboratory, The Pennsylvania State University, University Park, PA, 16802,
USA

3 Penn State Extraterrestrial Intelligence Center, 525 Davey Laboratory, The Pennsylvania State University, University Park, PA, 16802,
USA

4 Blue Marble Space Institute of Science, Seattle, WA, USA
5 Department of Physics and Astronomy, University of Rochester, Rochester NY 14620, USA
SNASA Goddard Space Flight Center, 8800 Greenbelt Road, Greenbelt, MD 20771, USA
" Department of Aerospace, Physics and Space Sciences, Florida Institute of Technology, Melbourne FL 32901, USA
8SETI Institute, 339 Bernardo Ave., Suite #200, Mountain View, CA 94043

ABSTRACT
The intuition suggested by the Drake Equation implies that technology should be less prevalent

than biology in the galaxy. However, it has been appreciated for decades in the SETI community that

technosignatures could be more abundant, longer-lived, more detectable, and less ambiguous than
biosignatures.




It is an exciting time in which to practice the
astronomical craft, as humanity edges ever closer
to being able to answer the age-old question “Are

we alone?” It is humbling and exciting to
contemplate that the question of whether life
exists elsewhere could be answered with the
technology humanity now possesses.

2020 Astronomy Decadal Review



“The probability of success is difficult to
estimate; but if we never search, the
chance of success is zero.”

Cocconi & Morrison, September 19, 1959
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The bic1 signal is not alien=but itisa
huge leap forward for SETI

In October 2020, members of the Breakthrough Listen Initiative performed a standard
SETI search of radio observations fromdProxima Centauri. Our search algorithm
flagged a signal that we couldn't immediately explain. This is the story of-that signal,

&' Follow

blc1, and the journey to understand its origin.

0 Sofia Z. Sheikh
3 Post-doctoral Researcher, University of California, Berkeley

Published Oct 25, 2021

o7 Like [J Comment =5 Share Read the paper

Act I: A Mysterious Signal Is Detected...

In April 2019, the Breakthrough Listen Initiative performed observations of our
nearest stellar neighbor, Proxima Centauri (ProxCen), with the Parkes Murriyang
telescope in Australia. We were originally searching for stellar flares; learning more
about these flares can help us understand the habitability of planets around small, M-
dwarf stars like ProxCen. Two years later, the same data were reanalyzed in the
context of SETI, the Search for Extraterrestrial Intelligence, looking for technological
radio activity from ProxCen. Shane Smith, an REU student working with Breakthrough
Listen over the summer in 2020, was the first one to notice that our routine analysis
had picked up something unusual. His mentor, Danny Price, posted that plot into our

research group's Slack channel. For once, no one in the group had an immediate

answer to what could've caused the signal in that plot.

That plot - containing what became known as blcl - looks like this:

PROXCEN _bicla
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CHAPTER 5

Is Anyone Out There?

In the shadows of the struggles surrounding the construction of the 140 Foot
Radio Telescope, Frank Drake, NRAO’s newest and youngest scientist, carried
out a small observing project to detect radio signals from nearby stars that
would indicate the present of extraterrestrial intelligent life. Naming his pro-
gram “Project Ozma,” after the mythical princess of the Land of Oz, Drake
observed two nearby stars, Tau Ceti and Epsilon Eridani. This project, the first
modern Search for Extraterrestrial Intelligence (SETT), captured the imagina-
tion of the public and scientific communities alike. In the following decades,
other investigators initiated a variety of SETT programs of ever-increasing capa-
bility at NRAO and elsewhere. NASA began a major SETI program, but it
became mired in controversy over whether searching for intelligent life in the
Universe is a proper scientific pursuit or should be relegated to the realm of
science fiction. While no confirmable evidence for extraterrestrial intelligent
life has yet been found, the discovery of the widespread existence of other plan-
etary systems combined with the vastly improved sensitivity of radio telescopes
has reinvigorated SETT research, and the exciting promise of detection contin-
ues to attract the attention of new generations of astronomers and the public.

5.1 Project OzMA

Frank Drake had long been fascinated by the possibility of life on other worlds
and more generally by science and engineering. On a Navy ROTC! scholar-
ship, he followed these interests by enrolling at Cornell University. Initially

The title of this chapter is taken from the book by Frank Drake and Dava Sobel 1992,
Is Anyone Out There? The Scientific Search for Extratervestrial Intelligence (New York,
NY: Delacorte Press).

© The Author(s) 2020
K. I. Kellermann et al.; Open Skies, Historical & Cultural Astronomy,
https: / /doi.org/10.1007 /978-3-030-32345-5_5
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Figure 4. Model training and execution scheme. Backward propagation of the neural network training is not shown for brevity.




