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50th IAA SYMPOSIUM ON THE SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE (SETI) — The Next Steps

SETI 1: SETI Science and
Technology

SETI 2: SETI and Society

Interactive Presentations - 50th
IAA SYMPOSIUM ON THE
SEARCH FOR
EXTRATERRESTRIAL
INTELLIGENCE (SETI) - The
Next Steps

All technical aspects involved in the search for extraterrestrial intelligence,
including current and future search strategies.

Tuesday, 26 Oct 2021 | 9:45 | Room: Sheikh Rachid A

All aspects concerning the societal implications of extraterrestrial intelligence are
considered, including public reaction to a discovery, risk communication and the
possible impacts on society.

Tuesday, 26 Oct 2021 | 14:45 | Room: Sheikh Rachid A

This session offers a unique opportunity to deliver your key messages in an
interactive presentation on any of the subjects of SETI addressed in the classic
Sessions. The presentation will be displayed on a digital screen in a dedicated
location and available for view by all Congress attendees for the entire Congress
week. In addition, one afternoon is dedicated exclusively for the attendees to
view the Interactive Presentations, and the author will be assigned a specific ten
minute slot to personally present the topic and interact with the attendees
present. The Interactive Presentation may take advantage of all electronic
display capabilities, such as: PowerPoint charts, embedded hot links, pictures,
audio and video clips etc. An award will also be presented to the author of the
best Interactive Presentation in the A Category at a special ceremony. An
Abstract that follows the standard format must be submitted by the deadline for
standard IAC abstracts.



JAF and IAC

Order Time Paper title Mode Presentation  Speaker Affiliation Country
status

1 V 09:45 Breakthrough Listen: Green Bank Telescope Observations, 10 confirmed Dr. Steve Croft University California Berkeley United
Analysis, and Public Data States

7 V 09:55 Breakthrough Listen Search for Intelligent Life in the Galactic 10 confirmed Ms. Karen Perez Columbia University United
Plane with the Parkes Telescope States

IOV 10:05 From Dust to Technosignatures: Searching for Stellar 10 confirmed Dr. Daniel Giles SETI Institute United
Occulters with Machine Learning States

13“ 10:15 Search for nanosecond optical transients with TAIGA- 10 confirmed Ms. Alexandra Russian
HiSCORE array for the SETI problem. Krivopalova Federation

17“ 10:25 The Drake equation and SETI in the JWST era 10 confirmed Dr. Amri Wandel Hebrew University of Jerusalem Israel

18 x 10:35 Moon Farside Protection and Astronomy Protection are 7 confirmed Dr. Claudio International Academy of Italy
URGENT Maccone Astronautics (IAA) and Istituto

Nazionale di Astrofisica (INAF)

1002x 10:42 Energy-intensive civilisations and their imprint on 10 Prof. Mike Garrett University of Manchester United
astronomical data Kingdom

IOOSX 10:52 Interferometric SETI searches with the Breakthrough Listen 10 Dr. Cherry Ng University of Toronto Canada

initiative
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50th TAA SYMPOSIUM ON THE SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE (SETT)
The Next Steps (A4)
SETTI 1: SETTI Science and Technology (1)

Author: Dr. Steve Croft
University California Berkeley, United States, scroft@berkeley.edu

Dr. Andrew Siemion
Berkeley SETI Research Center, United States, siemion@berkeley.edu

BREAKTHROUGH LISTEN: GREEN BANK TELESCOPE OBSERVATIONS, ANALYSIS, AND
PUBLIC DATA

Abstract

Breakthrough Listen (BL) is carrying out the largest SETI search to date, using dedicated digital
backends deployed to telescopes worldwide. These powerful compute clusters consist of commercial-ofi-
the-shelf hardware, configured as spectrometers capable of digitizing billions of frequency channels at
once, across gigahertz of the radio band.

BL'’s primary radio facility in the Northern Hemisphere is the Green Bank Telescope (GBT), the
largest steerable radio dish in the world. BL observes as primary user for around 1/5 of the available
time on the telescope. The GBT is observing a selection of targets that includes nearby stars, the centers
of nearby galaxies, exoplanet candidates, and a survey of our own Galactic Plane, in addition to other
objects including some Solar System targets.

As of March 2021, BL has generated over almost 14 PB of archival data products. 2 PB are currently
available in a publicly accessible archive (including 1 PB of data from GBT), which continues to grow as
data are transferred from the telescope sites. Our open-source strategy also includes a software suite which
enables data to be ingested into Python programs, and software that performs searches for narrow-band
Doppler drifting signals.

I will describe the current status of BL's observing program at GBT, the analysis pipeline, highlighted
public datasets, collaborations with academia and industry, and some of our latest science results.
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BREAKTHROUGH LISTEN SEARCH FOR INTELLIGENT LIFE IN THE GALACTIC PLANE WITH
THE PARKES TELESCOPE

Abstract

Over the last decade, discoveries of numerous Earth-type exoplanets have extended the possibility of
other life-bearing worlds. However, the question of the existence of intelligent life might remain elusive
unless a dedicated attempt is made to extensively Search for Extraterrestrial Intelligence (SETI). The
Breakthrough Listen (BL) program is a 10-year effort to conduct the most sensitive, comprehensive, and
intensive search for advanced intelligent life on other worlds ever performed. One of the primary targets
of the BL program is a comprehensive blind survey of the entire Galactic Plane to search for artificial
narrowhband transmitters from ETIs (Izsaacson et al. 2017). The Galactic Plane is an ideal direction to
gearch for such sienals due to the increased likelihood that transmitters would emit toward this region
as opposed to random directions (Grimaldi 2020). Here, we discuss our findings from two full scans of
the Galactic Plane over 1200-1550 MHz using the Parkes Telescope’s 21lem Multibeam Receiver, covering
roughly 3000 square degrees over Galactic longitudes -174% < [ <60° and latitudes |b| < 6.5 during
1200 hours and observing billions of stars in the Milky Way in the process. This is one of the largest
and most sensitive blind surveys ever performed to search for signs of intelligent life. Moreover, the
Parkes 13-beam receiver allows a unique opportunity to discriminate terrestrial interferences from truly
gky localized signals among all 30 million hits. We have extended the multibeam coincidence rejection
technique used for detecting Fast Radio Bursts to scrutinize narrowband signals detected across 13-beams.
Such techniques have never been used in the search for ETIs before and has allowed some of the best
possible ways to reject large fractions of false positives. [ will review our strategy and search results,
as well as its applications going forward as we look towards expanding our search with other multibeam

telescopes.
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Author: Dr. Daniel Giles
SETI Institute, United States, dgiles@seti.org

FROM DUST TO TECHNOSIGNATURES: SEARCHING FOR STELLAR OCCULTERS WITH
MACHINE LEARNING

Abstract

Over the last decade, NASA has launched two major space missions that were designed to collect
photometry data over a large swath of sky: the Kepler telescope and Transiting Exoplanet Survey Satellite
(TESS) have each monitored hundreds of thousands to millions of stars on sub-hour cadence over month or
longer timescales, respectively. The quality of photometry in terms of precision, sampling frequency, and
sheer number of targets is far superior to that traditionally obtained from the ground. While these missions
were conceived to detect and investigate the populations of exoplanets in our galaxy, both are making
significant contributions to other areas of astrophysics as well. Stellar brightness fluctuations encode a
diverse range of phenomena, from outbursts and explosions, to exoplanetary transits, to asteroseismic
pulsations. If there are other advanced civilizations in the galaxy, we may also be able to detect their
“technosignatures” via monitoring large numbers of stars. In particular. artificial structures around a
host star (e.g., Dyson swarms:; Dyson 1960) may produce pronounced fading events in light curves. This
possibility was recently brought to the forefront with the discovery of Boyajian’s Star (KIC 8462852),
which displayed erratic brightness dips. Various hypotheses have been put forth for the behavior of this
object, from artificially-engineered megastruetures to transiting exocomets.

While no theory provides a perfect explanation for the fading events seen in Bovajian's star, the
large volume of imaging data emerging from the TESS mission is now enabling a new search for similar
behavior in additional objects. Our team has created light curves for a set of 50 million relatively bright
stars across the sky. We are using a combination of supervised and unsupervised machine learning to
discover and classify rare fading events. We will follow up on the most unusual objects with ground-based
optical and radio observatories to determine the origin of such variability. Ultimately, this program will
either discover or put an upper limit on the frequency of transiting artificial megastructures around main
sequence stars in our galaxy.




TAIGA-HiSCOREfor the SENBIOBIER

Author: Dr. Alexander Panov
Skobeltsyn Institute of Nuclear Physics, Russian Federation, panovenator@gmail.com

Ms. Alexandra Krivopalova
Russian Federation, oxford5@yandex.ru
Dr. Grigoriy Beskin
Russian Academy of Sciences, Russian Federation, gheskin@mail.ru

SEARCH FOR NANOSECOND OPTICAL TRANSIENTS WITH TAIGA-HISCORE ARRAY FOR THE
SETI PROBLEM.

Abstract

The open air, wide-angle integrating Cerenkov array TAIGA-HISCORE (FOV ~0.6 ster) is part of
the TAIGA installation for high-energy gamma-ray astronomy and cosmic ray physics. Today this array
includes nearly 100 optical detector stations distributed over an area of ~1 km 2 in Tunka Valley near lake
Baikal, Siberia, Russia. Due to high accuracy and stability of time synchronization of the optical stations
{~1 ns), the arrival direction of EAS from the primary particle can be reconstructed to a precision of 0.1.
This array is used to search for nanosecond astrophysical transients in the optical range. The sensitivity
of the HISCORE telescope is shown to allow to register signals of distant {(up to 1000 light-years and even
more) nanosecond lasers having rather moderate energies and sizes. therefore, such observations are of
interest for the SETI problem. This report discusses the method of searching for astrophysical transients
using the HISCORE array and demonstrates its performanece on the example of detecting laser pulses from
an Earth-bound satellite mission. Search for optical transients in the HISCORE data of 2018-2019 winter
season has been carried out. One candidate for recurrent transient has been detected, but the estimated
probability of random chance by Huctuation of background EAS is at least 10%. An upper bound on the
event frequency of optical transients with a spectral energy density of more than 1.5 x107* erg/sec/cm®
and a duration of > 1 ns has been found to be 0.05 events/ster /day.
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The Drake equation and SETI in the JWST era
Amri Wandel™*

* Racah Institute of Physics, The Hebrew University of Jerusalem 94901, amri@huji.ac.il
* Corresponding Author

Abstract

We extend our earlier analyses “SETI in the Kepler era” (Wandel 2015) to space-probes sent by alien
civilizations, which may detect Earth’s biosignature. Such a civilization may identify biotic transiting exoplanets
within the Habitable Zone of their host star (IAC-21-A1.6.1). Using the Copernican Principle, it 1s argued that Earth
does not seem special to putative extraterrestrial civilizations. Unless sufficiently nearby, such civilizations would
not be motivated to send probes or directed transmissions to the Solar System. The probability that an alien
civilization is close enough is shown to be extremely low, unless civilizations are highly abundant. While eventual
positive biosignature detections may give an estimate of the abundance of biotic exoplanets (the biological parameter
in the Drake equation), they can also be the target of deeper and prolonged listening, as well as active messaging. On
the more philosophical side, one can argue that such messaging procedures would be used by other civilizations to
message at the biotic Earth, leading to a third-level Fermi paradox (the first level being the original one, "where are
they all?", the second one - the Fermi-SETI paradox (Wandel 2017) “where are their radio transmissions?”.
Eventually Earth’s radiosphere, the expanding envelope of radio transmissions, may attract alien probes or messages,
yet also in that case the probability is shown to be very small, unless civilizations are highly abundant. While the
radiosphere expands, the probability that it will engulf an alien civilization increases. A “contact age” 1s defined, at
which alien probes or messages become more probable. Shown to be of the order of thousands of years after the
onset of radio-emissions, the contact age may suggest a new solution to the Fermi Paradox and to the Great Silence.

Keywords: SETI; Fermi Paradox; Drake equation; exoplanets; biosignatures




The Fermi Paradox \Where are they?
Resolutions:
- Life or intelligence are rare
- Self-destruction
...and many more
A new solution: The biotic Earth is not
special, while the technological Earth is
still un-detected




THE GALILEO PRO]ECT

https://projects.iq.harvard.edu/qalileo

-ri?e;-~s~.
\ g
5

&

“DARING TO LOOK THROUGH NEW TELESCOPES”




Unidentified Aaerial Phenomena

The Pentagon report on UAP (June 2021)
Over 100 unexplained sightings, photos and
video recordings

Natural atmospheric phenomena?
Artificial objects of Earthly origin?

(e.g. experimental planes)

artificial objects of extraterrestrial origin?
(space probes or space-crafts)




The Fermi-SETI Paradox

Where are the transmissions? (The Great Silence)
- Life or intelligence are rare

Coaceflicht i .

- Radio quiet communication (e.g., fiber optics),
- the radio-era is short

transmissions are still un-detected




The Copernican Principle

Earth is not special, neither by location nor
by the evolution of life

50% of the stars have habitable Earth-size
planets (Bryson 2020, the Kepler data).

How abundant is biotic life?

The biotic Drake parameter: F,
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The Transit Zone of Earth

JWST may detect biosignatures of transiting exoplanets

A civilization in the ETZ, with a JWST-equivalent technology could
detect the biosignature of Earth

If they see only a few biotic transiting planets at this distance, Earth
does look special

Within 100 pc there are ~1700 stars which see Earth in transit or saw it
in the last 5000 years (Kaltenegger &Faherty 2021)
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The first short-wave radio transmissions were
broadcasted less than 100 years ago.

The maximal distance of a civilization that could
detect Earth’s radiosphere and send back a message
that would reach Earth at present is ~50 |v.

For a probe of speed v=/£ c, the maximal distance is

a=100/(1+1/5) ly

E.g. at a velocity of 0.2¢, a probe could reach the

solar system in 2017 only from civilizations nearer
than 16 ly. 12




Banxkanwana umsmnmsauma B TpaH3UTHOM 30HE 3eMM MOXKET pacCMaTpuBaTb, NO-BUANMOMY, MNPOCTO
brnoTnyeckyro 3emnto Kak ocobeHHyto n3-3a ee bMocurHana, npeanonaras, YTo oHa MOXeT HabaAaTb
TO/IbKO HECKO/IbKO ApYrnx 6amnsnexawnx OMoTnyecknx naaHeT. BepoAaTHOCTb TaKOro cosnaaeHums
O4YeHb Mana, ecim TO/IbKO UMBUIN3ALUUN HE O4EHb MHOTOYUC/IEHHbI (MUANMOHDLI B [aniakTUKe nnu
6onbuwe). LLUaHCbl Ha TO, YTO LUMBUAM3ALMA PACMOIOXKEHA AOCTAaTOYHO 6/1M3KO K 3emne, 4Tobbl
0bHapyK1Tb Hawy paamochepy N OTNPaBUTb KOCMUYECKMI 30HA, KOTOPbIN AocTur 6bl ConHeyHon
CMCTEMbI B HAaCTOSALLLEE BPEMSA, TaKKe HeBe/IMKK. Ecan umBuansaumm o4eHb MHOTOYUCAEHHbI M 04HA
NN HECKOJIbKO OTNPaBWU/IN 30HAbI, CUTHANbI CBA3M C 30HAAMM A0KHbI ObITb 1erko obHapyxeHbl SETI.
9TO O3HA4YaeT, YTO BHELLUHe TAMHCTBEHHble 0cobeHHOCTU Yomyamya moryT b6biTb 06bsicHeHbI bonee
NPU3EeM/IEHHO, YEeM TO, YTO 3TO MHOMNAHETHbIN KOCMUYECKNIM Kopabab. TouHo TakXe H/10, ckopee
BCEro, ABNAKTCA NPUPOAHBIMU ABNEHUAMMU, KOTOPbIE Mbl €LLLE HE MOHUMAEM, NN UCKYCCTBEHHbIMM
06bEKTaMM 36 MHOTO MPOUCXOXKAEHMA, YEM MHOMNJIAHETHBIMM NoceTuTensamu. o mepe pacwmpeHuns
Hawemn pagnocdepbl BO3pPaCcTaeT BEPOATHOCTb TOro, YTO OHa AocTturHet BU,. OgHako npmnbbitue
MHOMNAHETHOW Nepeaayn Uam 30HAUPOBAHMNA CTAHOBATCA BEPOATHbIMU TONIbKO OT COTEH A0 TbiCAY NeT
noc/jie Havyana pagnocsa3m, Kotopaa morsa bbl pa3pewnTb Napagokec Pepmu, a TakKe Benmkoe
MonuyaHune SETI. HakoHeu, NoKa3aHo, YTO BbiBEAEHbI YCI0BNE MEXLUMBUAN3ALNOHHOIO 06 EeHMA U
OrpaHUYeHMEe HA A0/ITOBEYHOCTb KOMMYHUKATUBHbBIX LMBUAN3ALIUNA.
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