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INTERNATIONAL ASTRONAUTICAL CONGRESS 2021

Welcome to the 72nd International Astronautical Congress 2021
25-29 October 2021, Dubai, United Arab Emirates

INSPIRE, INNOVATE & DISCOVER FOR THE BENEFIT OF HUMANKIND

( Register here —))

For the very first time, the IAC will open its doors to the global space community in the United Arab Emirates, the first Arab country to host the IAC since
its establishment in 1950. The United Arab Emirates’ interest in astronomy and space sciences dates back to the 1970’s, when His Highness Sheikh Zayed
bin Sultan Al Nahyan met with the NASA team responsible for the Apollo moon landing. This encounter sparked a national focus on space that began
almost three decades ago, eventually leading to the birth of a national space sector. The IAC 2021 Host Organization — the Mohammed Bin Rashid Space
Center (MBRSC) — member of the IAF since 2012, was established by the Dubai Government to serve as one of the main pillars to drive the
establishment of the lmnwledﬂn economy and sustainable development in the UAE.
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SYMPOSIUM A4

Title

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

Description

This symposium, organized by the International Academy of Astronautics (1AA), deals with the
scientific, technical and interdisciplinary aspects of the Search for Extra-Terrestrial Intelligence
(SETI) including a discussion of all kinds of contacts. The technical side is not limited to the
microwave window, but includes also optical and any kinds of radiation. The interdisciplinary
aspects include all societal implications, risk communication and philosophical considerations
of any kind of discovery or contact.

IPC members

» Coordinator: Dr. Claudio Maccone, International Academy of Astronautics (IAA) and Istituto
Nazionale di Astrofisica (INAF), Italy;

SESSIONS

Title

1. SETI 1: SETI Science and Technology

2. SETI 2: SETI and Society

Date Room

2021-10-26 09:45 Sheikh Rachid A

2021-10-26 14:45 Sheikh Rachid A




IPC members
« Co-Chair: Dr. Andrea Melis, INAF - Istituto Nazionale di AstroFisica, Italy;
» Co-Chair: Dr. Beatriz Villarroel, Uppsala University, Sweden;
» Rapporteur: Dr. Franck Marchis, SETI Institute, United States;

PAPERS
Order Time Paper title N Mode Presentation Speaker
status

1 09:45 Breakthrough Listen: Green Bank Telescope Observations, Analysis, and 10 confirmed Dr. Steve Croft
Public Data

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

10 10:05 From Dust to Technosignatures: Searching for Stellar Occulters with 10 confirmed Dr. Daniel Giles
Machine Learning

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

17 10:25 The Drake equation and SETI in the JWST era 10 confirmed Dr. Amri Wandel



Acta Astronautica 190 (2022) 261-272

Contents lists available at ScienceDirect

Acta Astronautica

journal homepage: www.elsevier.com/locate/actaastro

Review Article )
Interstellar space biology via Project Starlight e

Stephen Lantin *"*, Sophie Mendell ¢, Ghassan Akkad ¢, Alexander N. Cohen °, Xander Apicella®,
Emma McCoy ©, Eliana Beltran-Pardo ‘', Michael Waltemathe ¢, Prasanna Srinivasan ",
Pradeep M. Joshi , Joel H. Rothman “, Philip Lubin ©

3 Deparmment of Agricultural and Biological Engineering, University of Florida, Gainesville, 32611, FL, USA

b Department of Chemical Engineering, University of California - Santa Barbara, Santa Barbara, 93106, CA, USA

© Department of Molecular, Cellular, and Developmental Biology, University of California - Santa Barbara, Sonta Barbara, 93106, CA, USA
4 College of Creative Studies, University of California - Santa Barbara, Santa Barbara, 93106, CA, USA

© Department of Physics, University of California - Santa Barbara, Santa Barbara, 93106, €A, USA

TUCLA Health Center, 757 Westwood Plaza, Los Angeles, 90095, CA, USA

¥ Ruhr-Universitdt Bochum, Universitditsstrasse 150, 44801 Bochum, Germany

" Department of Electrical and Computer Engineering, University of California - Santa Barbara, Sante Barbara, 93106, CA, USA

i Center for BioEngineering, University of California - Santa Barbara, Santa Barbara, 93106, CA, USA

ARTICLE INFO ABSTRACT

MSC: Our ability to explore the cosmos by direct contact has been limited to a small number of lunar and
92099 interplanetary missions. However, the NASA Starlight program points a path forward to send small, relativistic
Keywords: spacecraft far outside our solar system via standoff directed-energy propulsion. These miniaturized spacecraft
NASA starlight are capable of robotic exploration but can also transport seeds and organisms, marking a profound change
Cryptobiosis in our ability to both characterize and expand the reach of known life. Here we explore the biological and

Directed energy propulsion
Interstellar propulsion
Space biology

Planetary protection

technological challenges of interstellar space biology, focusing on radiation-tolerant microorganisms capable of
cryptobiosis. Additionally, we discuss planetary protection concerns and other ethical considerations of sending
life to the stars.




A Roadmap to Interstellar Flight
Philip Lubin
Physics Dept, UC Santa Barbara
. lubin @deepspace.ucsb.edu
arxXiv:1604.01356 submitted to JBIS April 2015
JBIS Vol. 69, pp. 40-72 Feb 2016
Current version 15-w7-4 (10/18/16)

Abstract — In the nearly 60 years of spaceflight we have accomplished wonderful feats of exploration
that have shown the incredible spirit of the human drive to explore and understand our universe. Yet in
those 60 years we have barely left our solar system with the Voyager 1 spacecraft launched in 1977
finally leaving the solar system after 37 years of flight at a speed of 17 km/s or less than 0.006% the
speed of light. As remarkable as this, to reach even the nearest stars with our current propulsion
technology will take 100 millennium. We have to radically rethink our strategy or give up our dreams of
reaching the stars, or wait for technology that does not currently exist. While we all dream of human
spaceflight to the stars in a way romanticized in books and movies, it 1s not within our power to do so,
nor it is clear that this is the path we should choose. We posit a path forward, that while not simple, it is
within our technological reach. We propose a roadmap to a program that will lead to sending relativistic
probes to the nearest stars and will open up a vast array of possibilities of flight both within our solar
system and far beyond. Spacecraft from gram level complete spacecraft on a wafer (“wafersats™) that
reach more than Y4 ¢ and reach the nearest star in 20 years to spacecraft with masses more than 10° kg
(100 tons) that can reach speeds of greater than 1000 km/s. These systems can be propelled to speeds
currently unimaginable with existing propulsion technologies. To do so requires a fundamental change
in our thinking of both propulsion and in many cases what a spacecraft is. In addition to larger
spacecraft, some capable of transporting humans, we consider functional spacecraft on a wafer,
including integrated optical communications, imaging systems, photon thrusters, power and sensors
combined with directed energy propulsion. The costs can be amortized over a very large number of
missions beyond relativistic spacecraft as such planetary defense, beamed energy for distant spacecraft,
sending power back to Earth, stand-off composition analysis of solar system targets, long range laser
communications, SETT searches and even terra forming. Exploring the nearest stars and exo-planets
would be a profound voyage for humanity, one whose non-scientific implications would be enormous.
It 1s time to begin this inevitable journey far beyond our home.
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Figure 10 - Schematic design of phased array laser driver. Wavefront sensing from both local and extended systems
combined with the system metrology are critical to forming the final beam.

6 - Implications of the technology to SETI - The same laser used to drive the probe can also be used as
a beacon to "signal" other planetary systems as well as establish extremely long range
"communications” systems with data delays modulo the speed of light. We discuss this in detail in detail
in Lubin et al 2015 (JBIS) and Lubin 2016. The implications for SETI searches are quite profound. A
similarly "advanced" civilization like ours would be visible across the entire visible universe (horizon).
This implies that optical SETT searches can not only search nearby planetary systems but could search
the entire universe for similar or more advanced civilizations. If the current Kepler statistics (~1
planf:tfqtar) on the abundance of suitable planets is scalable to the entire universe, this would imply of
order 10° planf:tq within our horizon. We show in Lubin 2016 that even ground based searches using
modest existing apertures can detect civilizations with technology at our current technology level
(though not yet deployed) at relatively high redshift. Pondering the number of possible planets this
allows us to search for has profound implications [27].
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A glint in the eye: photographic plate archive searches for alien visitations

BEATRIZ VILLARROEL,"” LARS MATTssON,! HICHEM GUERGOURIL," ENRIQUE SOLANO,"” STEFAN GEIER,"
ONYEUWAOMA NNAEMEKA DoOM,” AND MARTIN J. WARD"

L Nordita, KTH Royal Institute of Technology and Stockholm University, Roslagstullsbacken 23, SE-106 91 Stockholm, Sweden
2 Instituto de Astrofisica de Canarias, Avda Via Ldctea S/N, La Laguna, E-38205, Tenerife, Spain
3Seience of the Matter Division. Research Unit in Scientific Mediation, Constantine, Algeria
4 Departamento de Astrofisica, Centro de Astrobiologia (CSIC/INTA), PO Box 78, E-28691, Villanueva de la Caniada, Spain
7 Spanish Virtual Observatory
b Gran Telescopio Canarias (GRANTECAN), Cuesta de San Jos€ s/n, 38712 Brenia Baja, La Palma, Spain
" Center for Basic Space Science, National Space Research and Development Agency, Enugu-Nigeria.

8 Centre for Erxtragalactic Astronomy, Department of Physics, Durham University, South Road, Durham, DH1 3LE, UK

ABSTRACT

An advanced extraterrestrial civilisation that has discovered the Earth might have sent probes here. In this
paper, we present a simple strategy to identify Non-Terrestrial artefacts (NTAs) in geosynchronous Earth orbits
(GEOs). We show that even the small pieces of reflective debris in orbit around the Earth can be identified
through searches for multiple transients in old photographic plate material exposed before the launch of first
human satellite in 1957. In order to separate between possible false point-like sources on photographic plates
from real reflections, we include calculations to show that at least four or five point sources along a line within
a 10 % 10 arcmin?®
The given methodology will be used to set an upper limit to the prevalence of NTAs with reflective surfaces

image box are a good indicator of NTAs, corresponding to significance levels of 2.5 and 3.9¢.

in geosynchronous orbits.

Keywords: VASCO — transients — SETI — glints — probes
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Figure 5. Triple glints. An example of repeating glints in a red POSS-I image from 1950s. The left column shows the POSS-1
image, and the right column the Pan-STARRS image (> year 2015). The example is from Villarroel et al. (2021) and uses the
VASCO citizen science web interface.
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