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2022
THE SCIENCE OF
CONSCIOUSNESS

TUCSON, ARIZONA | APRIL 18-22, 2022

Hybrid Format In-Person and Remote Livestream
Loews Ventana Canyon Resort Tucson, Arizona

OVERVIEW

Welcome to the 29th annual ‘The Science of Consciousness’ (‘TSC’)
Conference, the world’s largest, longest-running and premier interdisciplinary
conference addressing fundamental questions regarding consciousness, the
brain, reality and existence, organized by the Center for Consciousness Studies
at the University of Arizona.

TSC 2022 is a 5-day gathering consisting of 9 Workshops by 36 presenters,
12 Plenary Sessions with 30 Plenary and Keynote Speakers, 14 Concurrent
Sessions, Poster and Exhibitor presentations, Social, Wellness Events and
Entertainment. We anticipate that this Hybrid conference will bring together in
person over 400 scientists, philosophers, educators, academicians, students,
meditators, artists, interested public and seekers from around the world,
gathering in-person in Tucson and virtually an estimated 500 plus remote
participants.

The Science of Consciousness (TSC) conference takes place in Tucson every
two years (alternating with TSC conferences elsewhere). In April 2020, the
conference was online at the start of the Covid outbreak, and for April 18-22,
2022, a ‘hybrid’ conference was planned with both in-person audience and
speakers in Tucson and remote online presentation livestreamed and later
uploaded for on-demand review. The live sessions and remote headquarters
will be at Loews Ventana Canyon Resort, Tucson, Arizona.

The Science of Consciousness ('TSC') is an interdisciplinary conference
emphasizing rigorous approaches to the study of consciousness and its
place in the universe. Topical areas include neuroscience, philosophy,
psychology, cognitive science, biology, quantum physics and quantum brain
biology, cosmology, meditation, altered states, artificial intelligence/machine
consciousness, the nature of reality, culture and experiential phenomenology.

Held annually since 1994, the TSC conference is hosted by the Center for
Consciousness Studies at the University of Arizona, and alternates yearly
between Tucson, Arizona and various locations including Italy, Denmark, Japan,
Sweden, Czech Republic, Hungary, Hong Kong, India, Finland, San Diego and
Switzerland.
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Our live participation and broadcast will take place at the Loews Ventana
Canyon Resort, a beautiful eco-lodge in the hills above Tucson, Arizona.

The Tucson TSC conferences consist of keynote, plenary and concurrent talks,
posters, exhibits, workshops, art-tech, wellness and social events. For April
2022, the mix of live and remote presentations and audience will depend on the
pandemic conditions.

We thank our sponsors, program committee, support staff, hosts, presenters,
attendees, exhibitors and volunteers for making TSC possible. We especially
acknowledge the extraordinary efforts and many years of service of

Abi Behar-Montefiore, Assistant Director of the Center for Consciousness
Studies at the University of Arizona. Without Abi, The Center and TSC
conferences would not be possible.

Special thanks to Deepak Chopra for a morning wellness-meditation kick-
off on Tuesday, April 19 at 7:30 am — Kiva Ballroom and for the session with
Sue Blackmore scheduled for Tuesday evening after the Welcome Reception
entitled “Mystery of Existence. Why is there sentience? A dialogue between
Sue Blackmore and Deepak Chopra”.

We are grateful to BioCommunications at the University of Arizona for their
overall contribution to present this event through AV production and design
concepts. To the entire Staff at Loews Ventana Canyon Resort and Christopher
McLaren, Associate Director of Sales and Bonnie Finlay, Director of Catering
and Conference Management, thank you for all you do to make our program a
success. Thank you to the Tucson-based Commotion Studios who were able
to work with us on this intense program again and to provide us with excellent
session video files to upload after the conference. Thank you Matt George and
Team for keeping us online and inline.

We also thank Professor George Mashour, conference co-chair, co-sponsor,
and External Advisor who serves as Scientific Director at the ‘Center for
Consciousness Science’ at the University of Michigan, for his leadership, rigor
and support. Professor Thomas Bever, UA Regent’s Professor, and Co-Director
of CCS; Jay Sanguinetti, UA Research Assistant Professor, Associate Director
CCS, and Director of the SEMA Lab. Additional thanks to our External Advisors,
David Chalmers, Co-Founder of CCS, Professor of Philosophy and Neural
Science, New York University; John Allen, Distinguished Professor, Clinical

and Cognition Neural Systems, U Arizona; Dante Lauretta, UArizona, Regents
Professor, Planetary Science and Cosmochemistry, University of Arizona Lunar &
Planetary Laboratory. Ginny Healy, Senior Director of Development, SBS. Special
thanks to Stuart Hameroff’s Anesthesiology colleagues at Banner - University
Medical Center Tucson and to Betsy Bigbee for her advice and knowledge
across a broad range of areas.
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This year’s TSC conference is unique for several reasons. It is ‘hybrid’, with a
mix of in-person/live and remote/online presentations and audience. Also, for
the first time, there will be 4 Keynote speakers, one for each day of the Plenary
program, and all luminaries.

Tuesday April 19 Keynote is Christof Koch, one of the world’s most highly
recognized neuroscientists and head of the Allen Institute for Brain Science in
Seattle. Christof spoke at the first TSC in 1994 when he was collaborating with
Francis Crick, and has returned several times over the years.

Wednesday April 20 Keynote is Robin Carhart-Harris, a leader in psychedelic
research. Robin spoke at the 2012 TSC (the first at Ventana Canyon) and startled
everyone with his results showing that subjects having vivid experience due to
psilocybin paradoxically had very low energy MRI signals and low frequency
EEG. From the UK, Robin is the new head of the Psychedelic Research Center at
UCSF.

Thursday April 21 Keynote is Harvard’s Avi Loeb who searches for the origins
of life and consciousness from extraterrestrial sources. In 2018, based on the
anomalous behavior of ‘Oumuamua’, the first known interstellar object to pass
through our solar system, Loeb suggested that alien space craft may be in our
solar system.

Friday April 22 Keynote is former CCS Director David Chalmers who gave the
famous ‘hard problem’ talk at the first TSC in 1994, galvanizing the field. David’s
Keynote will cover his new book Reality +: Virtual Worlds and the Problems

of Philosophy, discussing whether the reality we experience is actually a
simulation. David is also known for his renditions over of the Zombie Blues at
the Friday night Poetry Slam. As David has explained, a zombie is someone who
looks and behaves like us, but with no inner consciousness. How sad and blue
they must feel, if only they could feel.

In addition to the Plenary, Keynote, Workshop, Concurrent, Poster, Exhibits

and Art - Tech presentations, Tuesday evening welcome party, Thursday night
optional dinner and Friday night Poetry Slam, two special presentations include
a Tuesday evening (following the welcome reception) dialogue between

Sue Blackmore and Deepak Chopra (who famously quarreled at TSC in 2012)
on ‘The mystery of existence — What is sentience?

Thursday evening before the optional Conference Dinner, an outdoor
presentation will feature Paolo Roberto Silva de Souza, the leader of Brazil’s
Church of Santo Daime that ritualizes the use of the potent hallucinogenic brew
‘Ayahuasca’ from Amazon plants.
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We look forward to the next TSC planned for 2023 in Taormina, Sicily, Italy -
May 22-28, 2023 organized by Riccardo Manzotti, IULM Milan; Pietro Perconti,
University of Messina; Antonio Chella, University of Palermo and co-sponsored
by the Center for Consciousness Studies, University of Arizona.

Covid Health Precautions:
TSC is committed to providing a safe environment for our attendees.

People may be asked to show proof of vaccination or proof of a recent negative
Covid test to attend in person.

Reminder to prepare for the parties:

POETRY SLAM / ZOMBIE BLUES /TALENT SHOW- A Tucson TSC Tradition
(Prepare a 1-2 minute contribution) — Urge people to prepare their dialogues
and join us on Friday evening. Cash bar. Followed by:

NO - END OF CONSCIOUSNESS Party — Another Tucson TSC Tradition.

Special thanks to all our Sponsors for their support.
On behalf of the 2022 Program Committee.

Have a great time and enjoy the conference!

Stuart Hameroff, MD
TSC 2022 Co-Chair

Professor, Anesthesiology and Psychology Director, Center for Consciousness
Studies; Banner-University Medical Center, The University of Arizona,
Tucson, Arizona
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CCS - TSC PROGRAM VIDEOS

CCs
WEBSITE: www.consciousness.arizona.edu

TSC 2016-2022 - YOUTUBE
The Science of Consciousness (YouTube)
https://www.youtube.com/channel/UCoNDcpkKXg2UioJKXTZI-ZA/videos

UA Consciousness 2010-2016
YOUTUBE https://www.youtube.com/user/UofAConsciousness?app=desktop

Itunes TSC 2010-2016
https://itunes.apple.com/itunes-u/center-for-consciousness-studies/
id413136100?mt=10

Recent Webinar: SCIENCE & ROGER PENROSE 2021
https://consciousness.arizona.edu/sites/consciousness.arizona.edu/files/
FINAL%20Program%20Schedule%20Science_RogerPenrose_1.docx

Intro Reel - Penrose 2021
https://www.youtube.com/watch?v=79MOk6Exgwo

TSC 2020
Intro Reel: https://www.youtube.com/watch?v=XDXfgkJDhVg

The Science of Consciousness TSC2022 | Tucson, Arizona
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HISTORY OF TSC

The Science of Consciousness' ('TSC') is the world's largest, longest-running and

premier interdisciplinary conference on all aspects of the nature of conscious

experience, awareness, feelings and existence. Questions include how the brain

produces consciousness, whether consciousness is intrinsic to the universe,
or an epiphenomenal illusion, how consciousness can causally affect brain
processes, what are the best empirical theories, do we have free will, how did
life and consciousness originate and evolve, what are the origins of moral and
aesthetic values, how can we improve mental, physical and cognitive function,
and can consciousness persist after bodily death, e.g. through 'uploading'

to machines, or via mental processes tied to the natural world? These and
other relevant questions are approached through many disciplines in science,
philosophy, culture and contemplative practices. 'TSC' began at the University
of Arizona in Tucson in 1994, and returns there in even-numbered years,
alternating with TSC conferences around the globe (ltaly, Denmark, Japan,
Hungary, Hong Kong, Sweden, India, Czech Republic, Finland). TSC 2023 is
planned for Taormina ltaly.

Thank you to our international colleagues and friends who helped make the
TSC alternate year conferences possible:

1995 Ischia, Italy — Chloe Taddei-Ferretti
1997 Elsinore, Denmark — Alwyn Scott
1999 Tokyo, Japan — UN University, Mari Jibu, Kunio Yasue
2001 Skovde, Sweden — University of Skovde, Paavo Pylkkanen
2003 Prague, Czech Republic — Ivan Havel
2005 Copenhagen, Denmark — Morten Overgard
2007 Budapest, Hungary — George Kampis
2009 Hong Kong, China — Gino Yu
201 Stockholm, Sweden — Christer Perfjell
2013 Agra, India — Dayalbagh Educational Institute,
Rev. Prof. P.S. Satsangi, Vishal Sahni
2015 Helsinki, Finland — University of Finland, Paavo Pylkkanen
2017 San Diego, La Jolla California - CCS-TSC University of Arizona,
Stuart Hameroff
2019 Interlaken, Switzerland — Harald Atmanspacher

2023 Planned for Taormina, Sicily, Italy - May 22-28- Riccardo Manzotti,
Pietro Perconti, Antonio Chella
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Full List of TSC - Since 1994

1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
20M
2012
2013
2014
2015
2016
2017
2018
2019
2020

2021
2022
2023

TSC 1 Apr 12-17,1994 — Tucson, Arizona

TSC 2 Ischia, ltaly

TSC 3 Apr 8-13, 1996 — Tucson, Arizona

TSC 4 Aug 18-24, 1997 — Elsinore, Denmark

TSC 5 Apr 27- May 2,998 — Tucson, Arizona

TSC 6 May 28, 1999 — Tokyo, Japan

TSC 7 Apr 10-15, 2000 — Tucson, Arizona

TSC 8 Aug 6-11, 2001 — Skévde, Sweden

TSC 9 Apr 8-12, 2002 — Tucson, Arizona

TSC 10 July 6-10, 2003 — Prague, Czech Republic
TSC 11 Apr 7-11, 2004 — Tucson, Arizona

TSC 12 Aug 17-20, 2005 — Copenhagen, Denmark
TSC 13 Apr 4-8, 2006 — Tucson, Arizona

TSC 14 July 23-27, 2007 — Budapest, Hungary
TSC 15 Apr 8-12, 2008 — Tucson, Arizona

TSC 16 June 11-14, 2009 — Hong Kong, China

TSC 17 Apr 12-17, 2010 — Tucson, Arizona

TSC 18 May 2-8, 2011 — Stockholm, Sweden

TSC 19 Apr 9-14, 2012 — Tucson, Arizona

TSC 20 Mar 3-9, 2013 — Agra, India

TSC 21 Apr 21-26, 2014 — Tucson, Arizona

TSC 22 June 9-13, 2015 — Helsinki, Finland

TSC 23 Apr 25-30, 2016 — Tucson, Arizona

TSC 24 June 5-10, 2017 — San Diego, California
TSC 25 Apr 2-7, 2018 — Tucson, Arizona

TSC 26 June 25-28, 2019 — Interlaken, Switzerland
TSC 27 Sept 14-18, 2020 Virtual rescheduled —
(originally planned for April 12-18, 2020) Tucson, Arizona
Science and Sir Roger Penrose - Aug 3-6, 2021 4 day Webinar — virtual
TSC 28 April 18-22, 2022 Tucson, Arizona - Hybrid
Planned for Taormina, Sicily, Italy - May 22-28

For information contact:
Conference Manager
Abi Behar-Montefiore, Center for Consciousness Studies, Assistant Director
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GENERAL CONFERENCE PROGRAM OUTLINE

Monday April 18 — Friday April 22, 2022
Hybrid Format In-Person and Remote Livestream
Loews Ventana Canyon Resort Tucson, Arizona

Workshops:
Monday morning, afternoon and evening sessions
(Kiva and Grand Ballroom A, B, C)

Plenary Sessions:
Tuesday, Wednesday, Thursday, Friday
(Kiva Ballroom)

Concurrent Sessions:
Tuesday, Wednesday, Friday
(Kiva and Grand Ballroom A, B, C, Executive Board Room)

Tuesday morning Meditation:
(Kiva Plaza)

Tuesday evening Welcome Reception:
(Kiva Plaza)

Tuesday evening Dialogue:
(Kiva Ballroom)

Poster Sessions/Receptions:
Wednesday, Friday evening
(Breakout Rooms by Category - near Grand Ballroom Lobby)

Art-Tech Health Demos:
Wednesday, Friday evening
(Catalina JK)

Exhibitors:
Daily Monday-Friday
(Grand Ballroom Lobby)

Talk with de Souza from Brazil:
(Cascade Terrace)

Optional Dinner Thursday evening
(Upper Terrace)

Poetry Slam: Friday evening
(Kiva Ballroom)

No-End of Consciousness Party:
Friday evening
(Kiva)

The Science of Consciousness TSC2022 | Tucson, Arizona




2022 PROGRAM SUMMARY BY SESSION

KEYNOTE & PLENARY SESSIONS
Kiva Ballroom

There are 3 Plenary Sessions per day,
Tuesday, April 19 through Friday, April 22

All sessions will be Livestreamed MST

TUESDAY, April 19, 2022 - Livestreamed - Mountain Standard Time MST
PLENARY 1 8:30 AM - 10:40 AM
SLEEP, WAKEFULNESS & ANESTHESIA

Giancarlo Vanini, University of Michigan

Matthew Larkum, Humboldt University

Alex Proekt, University of Pennsylvania

PLENARY 2 - KEYNOTE 1
BRAIN & CONSCIOUSNESS
Christof Koch, Allen Institute for Brain Science

11:10 AM - 12:30 PM

PLENARY 3 2:00 PM - 4:10 PM
BRAIN CONNECTIVITY

Jean-Rémi King, CNRS, Ecole Normale Supérieure de Lyon

Zirui Huang, University of Michigan

Anirban Bandyopadhyay, National Institute for Materials Science, Tsukuba,
Japan

WEDNESDAY, April 20, 2022

PLENARY 4 8:30 AM - 10:40 AM
ALTERED STATES OF CONSCIOUSNESS

Emma Huels, University of Michigan

Charlotte Martial, University of Liege

Elizabeth Krasnoff, California Institute for Human Science

KEYNOTE 2 — PLENARY 5
PSYCHEDELICS
Robin Carhart-Harris, University of California, San Francisco

11:10 AM - 12:30 PM

PLENARY 6 2:00 PM - 4:10 PM
PSYCHEDELIC MECHANISMS

George Mashour, MD, University of Michigan; Chair, Anesthesiology, Director,
Michigan Psychedelic Collaborative, Sci Dir., Ctr for Consciousness Science
Alex C Kwan, Yale University

” Katrin Preller, University of Zurich | Yale University

The Science of Consciousness TSC2022 | Tucson, Arizona

THURSDAY, April 21, 2022

PLENARY 7 8:30 AM - 10:40 AM
TIME & CONSCIOUSNESS

Daniel Sheehan, University of San Diego

Paul Davies, Arizona State University

Sir Roger Penrose, Oxford University

PLENARY 8 KEYNOTE 3
ASTROBIOLOGY & ASTROCONSCIOUSNESS
Avi Loeb, Harvard University

11:10 AM - 12:30 PM

THURSDAY, April 21, 2022

PLENARY 9 2:00 PM - 4:10 PM
ORIGINS OF LIFE

Dante Lauretta, University of Arizona

Sara Walker, Arizona State University

Steen Rasmussen, University of Southern Denmark

FRIDAY, - April 22, 2022

PLENARY 10 8:30 AM - 10:40 AM
THEORIES OF CONSCIOUSNESS

Biyu J. He, New York University, Langone

Yuri B. Saalmann, University of Wisconsin

Lucia Melloni, Max Planck Institute, Frankfurt

PLENARY 11 - KEYNOTE 4
REALITY+ : FROM THE MATRIX TO THE METAVERSE
David Chalmers, New York University

11:10 AM - 12:30 PM

PLENARY 12 2:00 PM - 4:10 PM
QUANTUM NEUROSCIENCE

Hartmut Neven, Google Quantum Al

Aarat Kalra, Princeton University

Travis Craddock, Nova Southeastern University
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SUMMARY - SCHEDULE BY DAY
MONDAY APRIL 18
WORKSHOPS

MORNING WORKSHOPS:
8:30 AM - 12:30 PM
Kiva, Grand Ballroom A|B|C

PROGRESS ON DUAL-ASPECT THINKING ..o Kiva Ballroom

Harald Atmanspacher, The Collegium Helveticum, ETH, Zurich
Paavo Pylkkdanen, University of Helsinki | University of Skovde
Dean Rickles, University of Sydney

Robert Prentner, University of Munich

TESTING ORCH OR ... Grand Ballroom B

Bruce Maclver, Stanford University

Jack Tuszynski, University of Alberta/Politecnico di Torino
Aarat Kalra, Princeton University

Greg Scholes, Princeton University

Aristide Dogariu, University of Central Florida

Travis Craddock, Nova Southeastern University

CONSCIOUSNESS
AND ULTRASONIC NEUROMODULATION..........cccoooeuveririennee Grand Ballroom A

Jay Sanguinetti, University of Arizona
Alexander Bystritsky, UCLA

Martin Monti, UCLA

Seung-Schik Yoo, Harvard University

QUANTUM MECHANICS
AND CONSCIOUSNESS..............cccoooviiiiiiiccccs Grand Ballroom C

Justin Riddle, University of North Carolina
Johannes Kleiner, Ludwig Maximilian University of Munich
Kelvin J. McQueen, Chapman University

The Science of Consciousness TSC2022 | Tucson, Arizona

AFTERNOON WORKSHOPS
2:00 PM - 6:00 PM

EMBEDDED INTELLIGENCE ...........cccccooiiiiecncrceecieeenee Grand Ballroom B

Bill Mensch, Western Design Center
Dante Lauretta, University of Arizona
Stuart Hameroff, University of Arizona

Ted Humphrey, Arizona State University
Andrew Maynard, Arizona State University

PLANTS AND CONSCIOUSNESS.............ccccooviiiiiiicicicicne Kiva Ballroom

M. Bruce Maclver, Stanford University
Deepak Chopra, Chopra Global

Rainish Khanna, Ph.D., I-Cultiver

Petrisia Gonzales, UArizona

Dennis McKenna, Heffter Research Institute

CONSCIOUSNESS AND NON-LOCALITY.......ccooveieieeeeee Grand Ballroom C

Stephan A. Schwartz, Saybrook University

Dean Radin, Institute of Noetic Science (IONS)

Julia Mossbridge, University of San Diego, IONS, TILT
Jeffrey Mishlove, New Thinking Allowed; Insight Associates

THE SCIENCE OF CONTEMPLATIVE EXPERIENCE..................... Grand Ballroom A

Matthew Sacchet, Harvard University
Daniel Ingram, Emergent Phenomenology Research Consortium
Julieta Galante, Cambridge University
Jay Sanguinetti, University of Arizona

EVENING WORKSHOP:
7:00 PM - 10:00 PM

NEUROSPIRITUALITY ..ottt ceeaee Grand Ballroom B
Michael Ferguson, Harvard Medical School

Janae Nelson, Brigham Young University

David Yaden, Johns Hopkins University

Rick Strassman, University of New Mexico



TUESDAY, APRIL 19, 2022

MORNING MEDITATION WITH DEEPAK CHOPRA..................... 7:30 AM - 8:15 AM
Kiva Plaza
PLENARY & KEYNOTE SESSIONS. ............c.coooooiereeeee 8:30 AM — 4:10 PM

Kiva Ballroom

EXHIBITORS .....ocoooiiiiiiiiccceeese e 1:00 PM - 7:00 PM
Grand Ballroom Lobby (Daily)

PLENARY SESSIONS

PLENARY T ...ttt ettt ettt Kiva
8:30 AM - 10:40 AM

SLEEP, WAKEFULNESS & ANESTHESIA

Giancarlo Vanini, University of Michigan

Matthew Larkum, Humboldt University

Alex Proekt, University of Pennsylvania

PLENARY 2 — KEYNOTE 1 ...ttt eas Kiva
11:10 AM - 12:30 PM

BRAIN & CONSCIOUSNESS

Christof Koch, Allen Institute for Brain Science

PLENARY 3.ttt ettt bbbt Kiva
2:00 PM - 4:10 PM

BRAIN CONNECTIVITY

Jean-Rémi King, CNRS, Ecole Normale Supérieure de Lyon

Zirui Huang, University of Michigan

Anirban Bandyopadhyay, National Institute for Materials Science, Tsukuba, Japan

The Science of Consciousness TSC2022 | Tucson, Arizona

TUESDAY APRIL 19, 2022
CONCURRENT SESSIONS C1 - C4
5:00 PM - 7:00 PM

C1-Hard problem:...........ccooooiiiiiiee e Grand Ballroom A
Silberstein, Kouchakzadeh, Gill, Deiss, Christian

C2 - Brain and consciousness: Grand Ballroom B

Agarwal, Pagel, Gennaro, Beran, Viirre
C3 - Al/Machine consciousness: Kiva Ballroom
Bach, Chella, O'Leary, Ruffini, Besedin

C4 - Quantum state reduction: ..., Grand Ballroom C
Lloyd, Tagg, Brophy, Stroo, Thompson

SUMMARY - SCHEDULE BY DAY
TUESDAY EVENING, APRIL 19, 2022

Welcome ReCePtioN...........ccccoveiiiicieieeeee e 7:00 PM - 9:00 PM
Kiva Plaza
DIAIOGUE ... neas 9:00 PM —10:00 PM

Kiva Ballroom

Mystery of Existence. Why is there sentience?
A dialogue between Sue Blackmore and Deepak Chopra

21
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WEDNESDAY, APRIL 20, 2022

Plenary & Keynote SeSSIiONS............cccocvvveieieieieiiceieeeeeeenene 8:30 AM — 4:10 PM
Kiva Ballroom

PLENARY 4.ttt 8:30 AM - 10:40 AM
ALTERED STATES OF CONSCIOUSNESS

Emma Huels, University of Michigan

Charlotte Martial, University of Liege

Elizabeth Krasnoff, California Institute for Human Science

PLENARY 5 - KEYNOtE 2.........coorierrreeeenecee et 11:10 AM — 12:30 PM
PSYCHEDELICS
Robin Carhart-Harris, University of California, San Francisco

PLENARY B..........ooooioiiiiecctceieteseie ettt se s senes 2:00 PM - 4:10 PM
PSYCHEDELIC MECHANISMS

George Mashour, University of Michigan

Alex C Kwan, Yale University

Katrin Preller, Univ. of Zurich | Yale University

WEDNESDAY, APRIL 20, 2022
CONCURRENT SESSIONS C5 - C9
5:00 PM - 7:00 PM

C5 - PanpsychiSm: ... Grand Ballroom C
Pugliaro, Stoica, Beni, Longinotti, Basios

C6 - Psychedelics Ti..........cccooiiiiiieeece s Grand Ballroom A
Denomme, Kargbo, Dourron, Cardone, Alnagger

C7 - Studying & measuring CONSCiOUSNESS: ............ccccceurvreennee. Grand Ballroom B
Blackmore, Hunt, Mahn, LaBerge, McCann, Voorhees

C8 - Theories of CONSCIOUSNESS: .............cccooeieiririeieieieeeeee e Kiva Ballroom
Hopkins, Arkhipov, DelLancey, Grasso, Nisbet, Awret, Blommestijn

C9 - Space, time and consciousness 1: ..........ccccccocooeuennnnn. Executive Board Room
Lahav, Rulin Xiu, Ahmadkhaniou, C. Yang, Zabriskie, D. Holbrook

The Science of Consciousness TSC2022 | Tucson, Arizona

SUMMARY - SCHEDULE BY DAY

WEDNESDAY EVENING & FRIDAY EVENING
7:00 PM - 9:30 PM

POSTERS - EXHIBITORS - ART-TECH HEALTH - DEMOS - PERFORMANCE
POSTER EXHIBITORS

1.0 PhilOSOPRY .......cooviicce et Coronado & Rincon

T. Roberts, A. Aris, J. Sugar, L. Vucolova, J. Strozier, B. Torok-Szabo,

R.C. Schriner, J. Naskov, J. James, D. Trussell, J. Beck, M. Jawer, A. Rangarajan,
K. Perkins, M. Baranowski, J. Olson, C. Acosta, G. Hodes, P. Hurren,

M. Sundaram, N. Swami, M. Chakraborty, S.S. Pokharna,

K. Noble, P. Soni, T. Kovacs, J. Camacho, F. Oyarzun

2.0 NEUIOSCIENCE ...ttt ees Rincon

W. Leonard, A. Lorestani, S. Koshland, P. Maftoun, D. Beal,
C. Rourk, M. Kutch, I. Fredriksson

3.0 Cog-Sci PSYchology ...........ccoouiiiieiriniiieeeieece et eaes Santa Rita

J. Kornmeier, M. Zegarac, J. Sanfrey, S. Atash, M. Lowe,
C. Kaneshiro, M. Moradi, E. Stephens, E. Menshikova

4.0 Physical & Biological Sciences..............cccccoeiviveeinerereeennnene Sabino-Santa Rita

A. Singh, R. Sieb, M. Brooks, C. Rudnitski, A. Fitzpatrick,
D. Smolker, S. Loeth, J. DeCarlo, P. Saeedloo, R. Singh,
B. Therner, F. Barancheshme, N. Nabavi, H. Gharacheh,
G. Williams, B. Biradar, C. Gergely, S. Jarosek, J. Ma,

A. Mahmoudi, S. Mousavi

5.0 EXPEFENTIAL.........oooiieiiiccee ettt Sonora

M. Cremo, B. Meleski, S. Megumi, A. Mitchell, O. Colbert,
R. Reynolds, R. Miller, C. Flygt

6.0 Culture & HUMANIIES .........c.cooeoiiiccceeeeee e Catalina L
K. Kohler, M. Valladares, S. Nelson, A. MacDonald, A.Iribas-Rudin,
C. Yahia-Cherif, N. Rezaie
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SUMMARY - SCHEDULE BY DAY
THURSDAY, APRIL 21, 2022

PLENARY & KEYNOTE SESSIONS. ..............coooviieeeeeee 8:30 AM - 4:10 PM
Kiva Ballroom

PLENARY 7 ..ottt een 8:30 AM - 10:40 AM
TIME & CONSCIOUSNESS

Daniel Sheehan, University of San Diego

Paul Davies, Arizona State University

Sir Roger Penrose, Oxford University

PLENARY 8 -KEYNOTE 3 ........c.cooviiiiieeeeeeeeeeeeeeeeeee s 11:10 AM - 12:30 PM
ASTROBIOLOGY & ASTROCONSCIOUSNESS
Avi Loeb, Harvard University

PLENARY O.....ooiee ettt 2:00 PM - 4:10 PM
ORIGINS OF LIFE

Dante Lauretta, University of Arizona

Sara Walker, Arizona State University

Steen Rasmussen, University of Southern Denmark - Santa Fe Institute

EXHIBITORS........oooiiiteieisri ettt 1:00 PM - 7:00 PM
Grand Ballroom Lobby

TALK ..ottt 5:00 PM - 6:00 PM
Cascade Terrace (off main lobby)

Paolo Roberto Silva de Souza the leader of Brazil’'s Church of Santo Daime will
speak about ritualized use of the hallucinogenic Amazon brew ‘Ayahuasca’ for
health and religious purposes.

OPTIONAL DINNER...........oocooiiiieee e 6:30 PM —10:00 PM
Upper Terrace
Tickets Required

The Science of Consciousness TSC2022 | Tucson, Arizona

FRIDAY, APRIL 22, 2022

PLENARY & KEYNOTE SESSIONS. ............c.cooviieeeeeeeveene 8:30 AM — 4:10 PM
Kiva Ballroom

PLENARY 10.......coiiiiieeeeieree et 8:30 AM - 10:40 AM
THEORIES OF CONSCIOUSNESS

Biyu J. He, New York University, Langone

Yuri B. Saalmann, University of Wisconsin

Lucia Melloni, Max Planck Institute, Frankfurt

PLENARY 11- KEYNOTE 4........c.oooiiiireeeece e 11:10 AM - 12:30 PM
Reality+ : From the matrix to the metaverse
David Chalmers, New York University

PLENARY 12......oiiiieereeteeie ettt caas 2:00 PM - 4:10 PM
QUANTUM NEUROSCIENCE

Hartmut Neven, Google Quantum Al

Aarat Kalra, Princeton University

Travis Craddock, Nova Southeastern University

ART-TECH-HEALTH — SOCIAL / ENTERTAINMENT
TUESDAY THROUGH FRIDAY MORNING

TUESDAY MORNING, APRIL 19, 2022
MORNING MEDITATION WITH DEEPAK CHOPRA
730 AM = 815 AM ..ottt Kiva Plaza

HEALTH/WELLNESS

TUESDAY, WEDNESDAY, THURSDAY, FRIDAY, APRIL 19, 20, 21, 22
TENNISCENTRIC WITH MARK VALLADARES

7:00 AM — 8:00 AM ...t Loews Ventana Canyon Tennis Courts

WEDNESDAY APRIL 20 AND THURSDAY APRIL 21
RICHARD RUDIS - A ‘GONG BATH"
7:30 AM = B:30 AM ..o Ventana Room 2nd floor
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ART-TECH
WEDNESDAY, APRIL 20 AND FRIDAY APRIL 22

7:00 PM - 7:30 PM
KAREN KOHLER - Songs, Psychedelics and Seizures: A One-Woman Flow

7:30 PM - 8:00 PM
GISELLA BUSTILLOS - Narration, Time, Travel and Time Travel

8:00 PM - 8:30 PM
SKY NELSON - Musician, composer, author, physics educator

THURSDAY, APRIL 21, 2022

5:00 PM - 6:00 PM
TALK WITH PAOLO ROBERTO SILVADE SOUZA......................... Cascade Terrace

TUESDAY THROUGH FRIDAY EVENINGS

5:00 PM - 6:00 PM

AIR-COOL JENNY Kiva Cascade Terrace, Catalina JK

6:30 PM - 9:00 PM
OPTIONAL DINNER - TICKETS REQUIRED...............ciinines Upper Terrace

FRIDAY, APRIL 22, 2022

9:15 PM - 10:15 PM

THE POETRY SLAM Kiva Ballroom

10:15 PM - XXX

NO-END OF CONSCIOUSNESS PARTY Kiva Ballroom

The Science of Consciousness TSC2022 | Tucson, Arizona

FRIDAY CONCURRENTS C10- C14
FRIDAY, APRIL 22 - 5:00 PM-7:00 PM

C10 - Representation and perception...........c.cccccceeveverenne. Executive Board Room
Robinson, Weger, Lecybyl, Langer, Schiffer

C11 - Psychedelics and altered states 2...............ccccceovuevnnnnee. Grand Ballroom A
Glynos, Joy, Safron, Morley, Sielaff, M. Head

C12 - Subcellular correlates of consciousness:........................... Grand Ballroom B
Mihelic, Alachkar, Ruggiero, Davis, Grinde, Egoyan, Todd

C13 - Space, time and consciousness 2..............cccccoevevereeeenseenennens Kiva Ballroom
Nishiyama, Mossbridge, Gruber, Raadnasab, Schick, Mender, Fitzpatrick

C14 Healing and altered states .............cccccoooiivveecccci Grand Ballroom C
Woollcott, Wahbeh, Garland, Saegusa, Greven, Hanley, Joshi,

FRIDAY POSTER SESSION 2
SAME AS WEDNESDAY POSTER SESSION
SEE PAGE 23

SPONSOR
CENTER FOR CONSCIOUSNESS STUDIES, UNIVERSITY OF ARIZONA

CO-SPONSOR
CENTER FOR CONSCIOUSNESS SCIENCE, UNIVERSITY OF MICHIGAN

SPONSORS

Eugene Jhong Family Foundation
Google Quantum Al

Tiny Blue Dot Foundation

Alvin Clark Foundation
Anonymous Donors

ADDITIONAL SPONSORS
Bill and Dianne Mensch Foundation
Mani Bhaumik

TINY BLUE DOT

https://tinybluedotfoundation.org/
Quantum Al
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EXHIBITORS

ANT-NEURO

Exaptive

Cosmolntel Inc.

Conscious Matrix

Vibme LLC

Conceptualist Films

Relax Saunas of Momentum

TennisCentric

A ‘Gong Bath™

Academy for the Advancement of Postmaterialist Sciences
Journal of Consciousness Studies-Imprint Academic
Society for Mind-Matter Research

Center for Consciousness Studies

Center for Consciousness Science

The Science of Consciousness TSC2022 | Tucson, Arizona
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KEYNOTE SPEAKERS
KEYNOTE 1 - TUESDAY, APRIL 19, 2022

CHRISTOF KOCH, PH.D.
Allen Institute for Brain Science

Brain Consciousness
11:10 AM — 12:30 PM - Kiva Ballroom

CHRISTOF KOCH, Ph.D., Chief Scientist and President, Allen
Institute for Brain Science, Seattle, Washington and Chief
Scientist of the MindScope Program.

Christof received his baccalaureate from the Lycée
Descartes in Rabat, Morocco, his B.S. and M.S. in physics from the University of
Tubingen in Germany and his Ph.D. from the Max-Planck Institute for biological
Cybernetics in 1982. Subsequently, he spent four years as a postdoctoral fellow
in the Artificial Intelligence Laboratory and the Brain and Cognitive Sciences
Department at the Massachusetts Institute of Technology. From 1987 until
2013, Koch was a professor at the California Institute of Technology (Caltech)
in Pasadena, from his initial appointment as Assistant Professor, Division of
Biology and Division of Engineering and Applied Sciences in 1986, to his final
position as Lois and Victor Troendle Professor of Cognitive & Behavioral Biology.
Christof joined the Allen Institute for Brain Science as Chief Scientific Officer in
2011 and became President in 2015. Christof’s passion are neurons — the atoms
of perception, memory, behavior and consciousness — their diverse shapes,
electrical behaviors, and their computational function within the mammalian
brain, in particular in neocortex. The Allen Institute for Brain Science is engaged
in a major effort to identify all the different types of neurons in the brains of
mice and humans — the cell census effort. Christof discovered that in vivo
cortical neurons do not integrate over large number of small inputs given their
spiking variability, how neurons can multiply, the relationship between intra- and
extra-cellular potential, and how this gives rise to the local field potential and
the large-scale current sinks and sources and how weak extracellular fields
can entrain spiking activity via ephaptic effects. He postulated the attentional
saliency map hypothesis for biological and computer vision according to which
one or more topographic organized spatial maps summarize bottom-up salient
information in the visual system, he co-discovered, with ltzhak Fried, an high-
level, invariant and abstract single neuron representation of familiar individuals
and objects in the human medial temporal lobe (the so-called “Jennifer Aniston”
or concept neurons) and developed the ‘continuous flashed suppression’
masking technique. In collaboration with Francis Crick, he initiated the modern
search for the neuronal correlates of consciousness, a systematic experimental
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program to identify the minimal bio-physical mechanisms jointly sufficient for
any one specific conscious percept. In collaboration with Giulio Tononi, he co-
developed the Integrated Information Theory of consciousness.

Brain and Consciousness, Christof Koch, Ph.D., Mindscope Program, Allen
Institute, Tiny Blue Dot Foundation

| will discuss what we can reasonably state about consciousness and its
neuronal footprints in the mammalian brain, in particular the cortex, how to
detect its presence and how psychedelics might affect these footprints.

KEYNOTE 2 — WEDNESDAY, APRIL 20, 2022

ROBIN CARTHART-HARRIS
Psychedelics
11:10 AM — 12:30 PM - Kiva Ballroom

ROBIN CARHART-HARRIS, Ralph Metzner Distinguished
Professor, Director of Neuroscape Psychedelics Division,
Department of Neurology, University of California, San
Francisco

Robin Carhart-Harris moved to Imperial College London in 2008 after obtaining
a Ph.D. in Psychopharmacology from the University of Bristol, focused on

the serotonin system, and an MA in Psychoanalysis from Brunel University,
2005. Robin has designed human brain imaging studies with LSD, psilocybin,
MDMA and DMT, a clinical trial of psilocybin for treatment-resistant depression,
a double-blind randomized controlled trial comparing psilocybin with the

SSRI, escitalopram, for depression, published in the New England Journal of
Medicine, and a multimodal imaging study in first time users of psilocybin.
Robin has published over 100 scientific papers. He founded the Centre for
Psychedelic Research at Imperial College London in April 2019, the first of its
kind. In 2021, he was listed in TIME magazine’s “100 Next, a list of 100 rising
stars shaping the future. Also in 2021, he moved to University of California, San
Francisco, becoming the Ralph Metzner Distinguished Professor in Neurology
and Psychiatry. At UCSF, Robin will serve as Director of the new Psychedelics
Division within the translational neuroscience Centre, Neuroscape.

Psychedelics: Brain Mechanisms, Robin Carhart-Harris, UCSF

The talk takes a multi-level approach to the question of how psychedelics work
in the brain. Key themes include: the pharmacology of classic serotonergic
psychedelics, what this tells us about the current, developmental and
evolutionary function of serotonin 2A receptor signaling, the acute brain effects
of psychedelics as determined by functional brain imaging, current evidence for
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psychedelic therapy, the 'REBUS' model of the action of psychedelics, and how
this maps on to the phenomenology of the acute psychedelic experience and
therapeutic outcomes. The talk will end with a focus on a recent double-blind
RCT comparing psilocybin therapy with an established antidepressant drug in
the treatment of depression.

KEYNOTE 3 — THURSDAY, APRIL 21, 2022

AVI LOEB
Harvard University

Astrobiology and Astroconsciousness
11:10 AM —12:30 PM — Kiva Ballroom

ABRAHAM (AVI) LOEB is the Frank B. Baird, Jr., Professor
of Science at Harvard University and a bestselling author (in
lists of the New York Times, Wall Street Journal, Publishers
Weekly, Die Zeit, Der Spiegel, LExpress and more).

Avi Loeb received a Ph.D. in Physics from the Hebrew University of Jerusalem
in Israel at age 24 (1980-1986), led the first international project supported

by the Strategic Defense Initiative (1983-1988), and was subsequently a
long-term member of the Institute for Advanced Study (1988-1993). Loeb has
written 8 books, including most recently, Extraterrestrial (Houghton Mifflin
Harcourt, 2021), and about 800 papers (with an h-index of 117) on a wide range
of topics, including black holes, the first stars, the search for extraterrestrial

life and the future of the Universe. Loeb is the head of the Galileo Project in
search for extraterrestrial intelligence, the Director of the Institute for Theory
and Computation (2007-present) within the Harvard-Smithsonian Center for

Astrophysics , and also serves as the Head of the Galileo Project (2021-present).

He had been the longest serving Chair of Harvard's Department of Astronomy
(2011-2020) and the Founding Director of Harvard's Black Hole Initiative (2016-
2021). He is an elected fellow of the American Academy of Arts & Sciences
the American Physical Society, and the .International Academy of Astronautics.
Loeb is a a former member of the President's Council of Advisors on Science
and Technology (PCAST) at the White House, a former chair of the Board on
Physics and Astronomy of the National Academies (2018-2021) and a current
member of the Advisory Board for "Einstein: Visualize the Impossible" of the
Hebrew University. He also chairs the Advisory Committee for the Breakthrough
Starshot Initiative (2016-present) and serves as the Science Theory Director for
all Initiatives of the Breakthrough Prize Foundation. In 2012, TIME magazine
selected Loeb as one of the 25 most influential people in space and in 2020
Loeb was selected among the 14 most inspiring Israelis of the last decade.
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Loeb's commentaries on innovation and diversity: https://www.cfa.harvard.
edu/~loeb/

The Galileo Project: In Search for Technological Interstellar Objects -
Avi Loeb, Professor of Science, Harvard University

The search for extraterrestrial life is one of the most exciting frontiers in science.
First tentative clues were identified close to Earth in the form of the unusual
interstellar object ‘Oumuamua and Unidentified Aerial Phenomena (UAP) in the
Earth's atmosphere. The recently announced "Galileo Project" ushers the new
frontier of "space archaeology" in search of extraterrestrial technological relics.
The lecture will feature content from my book "Extraterrestrial", as well as the
textbook "Life in the Cosmos", both published in 2021. Related material was also
featured in my weekly commentaries in Scientific American and Medium.

KEYNOTE 4 — THURSDAY, APRIL 22, 2022

DAVID CHALMERS

New York University

REALITY+ : From the Matrix to the Metaverse
11:10 AM — 12:30 PM — Kiva Ballroom

DAVID CHALMERS is University Professor of Philosophy and
Neural Science and co-director of the Center for Mind, Brain,
and Consciousness at New York University. He is the author
of The Conscious Mind (1996) and of Reality+: Virtual Worlds
and the Problems of Philosophy (2022). Here’s an excerpt. He is known for
formulating the “hard problem” of consciousness, for the idea of the “extended
mind,” and for the thesis that virtual reality is genuine reality. David Chalmers
was featured in the New York Times Magazine, Dec. 10, 2021 - Interview with
David Marchese - 'Can We Have a Meaningful Life in a Virtual World' - http://
consc.net/

David is Former Director and Founder, Center for Consciousness Studies,
University of Arizona. Faculty positions included, UC Santa Cruz, University of
Arizona, Australian National University. Ph.D., Philosophy and Cognitive Science,
Indiana University; McDonnell Fellow at Washington University; Rhodes Scholar
in Pure Maths and Computer Science at the University of Adelaide in Australia.
David Chalmers is Co-Founder, Center for Consciousness Studies, Tucson.
Chalmers’s writings include: Philosophy of Mind; The Conscious Mind; The
Character of Consciousness; Constructing the World; Mind and Consciousness;
Facing Up to the Problem of Consciousness.
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Reality+: From the Matrix to the Metaverse

David Chalmers, Professor of Philosophy and Neural Science

I'll argue that virtual reality is genuine reality. A simulated universe such as the
Matrix could be indistinguishable from physical reality. Such a reality need not
be illusory. The same goes for the Metaverse: the virtual worlds that we will
create in coming decades with virtual and augmented reality technology. | will
argue that Metaverse-style virtual worlds are genuine realities, and that we can
live a meaningful life in these virtual worlds.

PLENARY SPEAKERS - BIOS/ABSTRACTS
TUESDAY, APRIL 19, 2022

PLENARY 1
8:30 AM - 10:40 AM

SLEEP, WAKEFULNESS & ANESTHESIA
Giancarlo Vanini, University of Michigan
Matthew Larkum, Humboldt University
Alex Proekt, University of Pennsylvania

GIANCARLO VANINI
University of Michigan

Giancarlo Vanini is an Assistant Professor in the Department
of Anesthesiology and a member of the Center for
Consciousness Science and Neuroscience Graduate Program
at the University of Michigan. He has dual training in medicine
and neuroscience. Research in the Vanini Laboratory

focuses on understanding the brain circuitry underlying the
regulation of arousal states of sleep and wakefulness, and
how these neural systems contribute to (1) the fluctuation of consciousness
levels across spontaneous sleep-wake states, (2) the recovery of consciousness
from general anesthesia, (3) the sleep-pain interface, and (4) the relationship
between postoperative sleep disturbances and cognitive function. To this end,
the lab combines behavioral assays, analysis of EEG rhythms and dynamics,
neurochemical monitoring, recordings of calcium-dependent neuronal activity,
viral tracing for identification of projection pathways, as well as chemogenetic/
optogenetic tools to identify and probe neural networks controlling sleep,
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wakefulness and pain.

Preoptic Hypothalamic Mechanisms Controlling Sleep-Wake States Do Not
Influence the Loss and Recovery of Consciousness Associated with Isoflurane
Anesthesia - Giancarlo Vanini, Department of Anesthesiology, University of
Michigan Medical School.

Despite 175 years of continuous clinical use of general anesthetics, the precise
mechanisms by which these drugs reversibly suppress consciousness remain
unknown. One long-standing hypothesis in the field, which is largely supported
by ample correlative evidence, is that anesthetics co-opt the brain circuits that
regulate sleep. First, | will review evidence from several independent studies,
including ours (Vanini et al., Curr Biol 2020; PMID:32084397), demonstrating
that the preoptic area of the hypothalamus is a key component of the brain
circuitry that controls sleep onset and sleep homeostasis. Additionally, |

will present our recent work challenging the long-standing notion in sleep
neurobiology that the preoptic area is exclusively somnogenic (Mondino et

al., J Neurosci 2021; PMID: 33664133). In this study, we demonstrated that
stimulation of a subset of glutamatergic neurons within the ventral-lateral portion
of the preoptic area promote wakefulness, fragment sleep, suppress rapid

eye movement sleep, and produce a shift in cortical rhythms and dynamics
during sleep akin to a wake-like state (i.e., a “lighter” sleep). Last, | will discuss
our study testing the hypothesis that selective activation of discrete neuronal
subpopulations within the median preoptic nucleus (MnPO) and ventrolateral
preoptic nucleus (VLPO) of the hypothalamus would modulate sleep/wake states
and alter anesthetic induction and recovery time (Vanini et al., Curr Biol 2020;
PMID:32084397). We showed that activating sleep-promoting (GABAergic,
MnPO) and wake-promoting (glutamatergic, VLPO) neurons in the preoptic
hypothalamus altered sleep-wake architecture but did not influence anesthetic
state transitions. Collectively, our results suggest that the correlative evidence
for a mechanistic overlap between sleep and anesthesia might not necessarily
have strong causal significance.

MATTHEW LARKUM
Humboldt University

Professor Matthew Larkum, Neuroscientist & Director of the
Larkum Lab, Berlin. He is Professor of “Neuronal Plasticity”,
Department of Biology, Humboldt University of Berlin.
Matthew Larkum graduated with a degree in physiology from
the University of Sydney and completed his Ph. D. at the
University of Bern, Switzerland.

| graduated from Sydney University with a thirst for
solving the brain and was lucky to be a post-doc in the laboratory of Nobel
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prize-winner Bert Sakmann for 6 years. It was here that | cut my teeth on
hardcore electrophysiological and imaging techniques for understanding

the computational properties of cortical neurons. | continued this focus upon
starting up my own laboratory in Switzerland and more recently in Berlin
where the laboratory has grown to accommodate a more comprehensive
investigation of the contribution of single-cell computation to the process of
cognition, learning and memory. The aims of the lab are based on a unifying
hypothesis that the incredible cognitive power of the cortex derives from an
associative mechanism built in at the cellular level such that the architecture of
the cortex is tightly coupled with the computational capabilities of single cells.
In essence, this hypothesis places new importance on the computational power
of neurons that has ramifications for our understanding of cognition and for
neurodegenerative diseases that disturb neuronal properties.

ALEX PROEKT
University of Pennsylvania, Associate Professor of
Anesthesiology and Critical Care

| completed my Ph.D. work in the lab of Klaude Weiss at
Mount Sinai where | studied how simple neuronal networks
of invertebrates are dynamically reconfigured to produce
distinct behaviors. Upon completion of Anesthesiology
residency at Weill Cornell, | was a post-doc at the Rockefeller
University in Donald Pfaff’s lab where | studied brain
arousal circuits and in Marcelo Magnasco’s lab where | studied computational
neuroscience. My lab at the University of Pennsylvania studies how neuronal
dynamics give rise to adaptive behaviors and how these dynamics are altered
by anesthetics. To this end we use a combination of experimental methods for
recording and manipulating brain activity and mathematical modeling.

The scientific inquiry into mechanisms through which anesthetics act to induce
a reversible state of unconsciousness are inextricably linked to the study of
consciousness per se. Anesthetic mechanisms can be addressed at a number
of levels from detailed understanding of molecular interactions between
receptors and anesthetic compounds to their effects on individual neurons

and neuronal circuits. In this talk, | will address mechanisms of anesthesia at a
more macroscopic level, that of global brain dynamics. Consciousness emerges
as a consequence of complex bidirectional interactions between the brain

and the environment. At this level, the effect of anesthetics can be broadly
conceptualized as decoupling the brain from the environment. In this talk, | will
first offer a hypothesis that in order to enable the complex and flexible coupling
between the brain and the environment, brain dynamics must be critical and
provide some experimental support for this hypothesis using spontaneous
brain activity in humans and nonhuman primates. | will then discuss our recent
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results on effects of mechanistically distinct anesthetics on macroscopic brain
dynamics evoked by simple visual stimuli in the mouse cortex.

KEYNOTE 1 - PLENARY 2

TUESDAY, APRIL 19, 2022
11:10 AM — 12:30 PM - Kiva Ballroom

BRAIN & CONSCIOUSNESS

CHRISTOF KOCH, PH.D.

Chief Scientist and President, Allen Institute for Brain
Science, Seattle, Washington and Chief Scientist of the
MindScope Program

Christof received his baccalaureate from the Lycée Descartes
in Rabat, Morocco, his B.S. and M.S. in physics from the
University of Tlbingen in Germany and his Ph.D. from the
Max-Planck Institute for biological Cybernetics in 1982.
Subsequently, he spent four years as a postdoctoral fellow
in the Artificial Intelligence Laboratory and the Brain and Cognitive Sciences
Department at the Massachusetts Institute of Technology. From 1987 until
2013, Koch was a professor at the California Institute of Technology (Caltech)

in Pasadena, from his initial appointment as Assistant Professor, Division of
Biology and Division of Engineering and Applied Sciences in 1986, to his

final position as Lois and Victor Troendle Professor of Cognitive & Behavioral
Biology. See here for Christof's academic pedigree and his students. Christof
joined the Allen Institute for Brain Science as Chief Scientific Officer in 201
and became President in 2015. Christof’s passion are neurons — the atoms

of perception, memory, behavior and consciousness — their diverse shapes,
electrical behaviors, and their computational function within the mammalian
brain, in particular in neocortex. The Allen Institute for Brain Science is engaged
in a major effort to identify all the different types of neurons in the brains of
mice and humans — the cell census effort. See the papers below. Christof
discovered that in vivo cortical neurons do not integrate over large number

of small inputs given their spiking variability, how neurons can multiply, the
relationship between intra- and extra-cellular potential, and how this gives rise
to the local field potential and the large-scale current sinks and sources and
how weak extracellular fields can entrain spiking activity via ephaptic effects.
He postulated the attentional saliency map hypothesis for biological and
computer vision according to which one or more topographic organized spatial
maps summarize bottom-up salient information in the visual system, he co-
discovered, with Itzhak Fried, an high-level, invariant and abstract single neuron
representation of familiar individuals and objects in the human medial temporal
lobe (the so-called “Jennifer Aniston” or concept neurons) and developed the
‘continuous flashed suppression’ masking technique. In collaboration with

37



38

Francis Crick, he initiated the modern search for the neuronal correlates of
consciousness, a systematic experimental program to identify the minimal bio-
physical mechanisms jointly sufficient for any one specific conscious percept.
In collaboration with Giulio Tononi, he co-developed the Integrated Information
Theory of consciousness.

Brain and Consciousness

CHRISTOF KOCH, PH.D.,
Mindscope Program, Allen Institute, Tiny Blue Dot Foundation

| will discuss what we can reasonably state about consciousness and its
neuronal footprints in the mammalian brain, in particular the cortex, how to
detect its presence and how psychedelics might affect these footprints.

PLENARY 3
TUESDAY, APRIL 19, 2022
2:00 PM - 4:10 PM

BRAIN CONNECTIVITY

JEAN-REMI KING
CNRS - Ecole Normale Supérieure

| am a CNRS researcher at Ecole Normale Supérieure,
currently in detachment at Facebook Al Research. My group
focuses on understanding the computational bases of human
cognition. For this, we develop paradigms, methods and
models to analyze brain activity.

ZIRUI HUANG
University of Michigan, Department of Anesthesiology

Dr. Zirui Huang is a Research Assistant Professor in the
Department of Anesthesiology and a member of the Center
for Consciousness Science at the University of Michigan
Medical School. He has a multidisciplinary background
including psychology, biology, cognitive neuroscience

and neuroimaging. His primary research interest lies in
investigating the neural substrates of consciousness. He
studies the mechanistic role of large-scale brain networks in conscious cognition
and its alteration by means of pharmacologic, neuropathologic and psychiatric
manipulations of consciousness using functional MRI. He earned his Ph.D. in
Cognitive Neuroscience from the Institute of Psychology, Chinese Academy
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of Sciences. After his Ph.D., he continued his research for two postdoc periods
at the University of Ottawa and the University of Michigan. To-date, he has
published 45+ scientific articles. Among those, 20+ first/co-first author articles
that have been published in Science Advances, Cell Reports, Neuroscience

& Biobehavioral Reviews, The Journal of Neuroscience, Cerebral Cortex,
Neurolmage, etc. He also serves as Ad Hoc Reviewer for prestigious scientific
journals, such as Trends in Cognitive Sciences, Advanced Science, Molecular
Psychiatry, The Neuroscientist, etc.

Media interviews:

The Scientist: https://www.the-scientist.com/news-opinion/alternate-activation-of-
two-brain-systems-tied-to-consciousness-67257

MACROSCALE BRAIN DYNAMICS, GRADIENTS, AND THE GATE TO
CONSCIOUSNESS

ZIRUI HUANG
University of Michigan Medical School, Department of Anesthesiology

Evidence from noninvasive functional neuroimaging studies has pointed to

two distinct cortical systems that may mediate the ongoing stream of human
consciousness, an internally directed system — default mode network and an
externally directed system — dorsal attention network. During Dr. Huang’s talk,
he will discuss how the two systems unfold over time in the conscious brain, and
how they are disrupted when consciousness is diminished. He will elaborate
the concept of “temporal circuit," which is characterized by a set of trajectories
along which the dynamic brain activity occurs (Huang et al., 2020, Science
Advances). Next, Dr. Huang will present an extended work, in which the level
and content of consciousness were manipulated using independent task-fMRI
protocols. He will show that the anterior insula, situated between unimodal and
transmodal cortical areas along the brain’s primary functional gradient, regulates
the default mode — dorsal attention network transitions, and gates conscious
access of sensory information (Huang et al., 2021, Cell Reports). Finally, Dr.
Huang will talk about the brain’s multidimensional functional landscape and
introduce a common macroscale neurofunctional framework that can account
for both normal and altered states of consciousness. Evidence from noninvasive
functional neuroimaging studies has pointed to two distinct cortical systems
that may mediate the ongoing stream of human consciousness, an internally
directed system — default mode network and an externally directed system —
dorsal attention network. During Dr. Huang’s talk, he will discuss how the two
systems unfold over time in the conscious brain, and how they are disrupted
when consciousness is diminished. He will elaborate the concept of “temporal
circuit," which is characterized by a set of trajectories along which the dynamic
brain activity occurs (Huang et al., 2020, Science Advances). Next, Dr. Huang
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will present an extended work, in which the level and content of consciousness
were manipulated using independent task-fMRI protocols. He will show that
the anterior insula, situated between unimodal and transmodal cortical areas
along the brain’s primary functional gradient, regulates the default mode —
dorsal attention network transitions, and gates conscious access of sensory
information (Huang et al., 2021, Cell Reports). Finally, Dr. Huang will talk about
the brain’s multidimensional functional landscape and introduce a common
macroscale neurofunctional framework that can account for both normal and
altered states of consciousness.

ANIRBAN BANDYOPADHYAY PH.D.
Nano Characterization Unit, National Institute for Materials
Science, NIMS, Tsukuba, Japan

Anirban Bandyopadhyay is Principal Research Scientist at
the National Institute for Materials Science (NIMS), Tsukuba,
Japan. He earned his Ph.D. in Supramolecular Electronics at
the Indian Association for the Cultivation of Science (IACS),
Kolkata, 2005. From 2005 to 2008 he was ICYS research
fellow at the ICYS, NIMS, Japan, and worked on the brain-
like bio-processor building. In 2008, Anirban joined as a permanent scientist

at NIMS, working on the cavity resonator model of human brain and design-
synthesis of brain-like organic jelly. From 2013 to 2014 he was a visiting scientist
at the Massachusetts Institute of Technology (MIT), USA. Awards include: Hitachi
Science and Technology award 2010, Inamori Foundation award 2011-2012,
Kurata Foundation Award, Inamori Foundation Fellow (2011-), and Sewa Society
international member, Japan. www.anirbanlab.org

Filaments deep inside a neuron membrane is not silent, they fine tune
precise spike time

Anirban Bandyopadhyay Ph.D., NIMS

For a century it was believed that everything inside the membrane remains
silent when a nerve spike propagates. Using nanotechnology, a coaxial probe
we measured that filaments contribute to neuron firing, not by initiating the
firing but fine-tuning the spike timing, regulating the ion channel release. In the
microscope the optical circuit that we see is not the true picture of the neural
network, if we use dielectric resonance camera, we would see a very different
picture of the brain circuit. Neural circuit is not a linear circuit as modelled for a
century, on the contrary, it’s a fractal like network where a scale free symmetry
in vibrations of proteins extend to the entire brain body neural network.

1. Singh, P.; Sahoo, P.; Saxena, K.; Manna, J.S.; Ray, K.; Ghosh, S;

Bandyopadhyay, A. Cytoskeletal Filaments Deep Inside a Neuron Are Not Silent:

They Regulate the Precise Timing of Nerve Spikes Using a Pair of Vortices.
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Symmetry 2021, 13, 821. https://doi.org/10.3390/sym13050821

2. Pushpendra Singh, Komal Saxena, Pathik Sahoo, Subrata Ghosh, and Anirban
Bandyopadhyay*. Electrophysiology using coaxial atom probe array: Live
imaging reveals hidden circuits of a hippocampal neural network. Journal of
Neurophysiology. Volume 125Issue 6 June 2021, Pages 2107-2116 https://doi.
0rg/10.1152/jn.00478.2020

3. Komal Saxena, Pushpendra Singh, Pathik Sahu, Satyajit Sahu, Subrata Ghosh,
Kanad Ray, Daisuke Fujita and Anirban Bandyopadhyay; Fractal, scale free
electromagnetic resonance of a single brain extracted microtubule nanowire,

a single tubulin protein and a single neuron, Fractal and Fractional, 4, 11(2020).
https://doi.org/10.3390/fractalfract4020011
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ALTERED STATES OF CONSCIOUSNESS

EMMA HUELS
University of Michigan

Emma Huels obtained her B.S. in Psychology from the
University of Missouri-Saint Louis in 2016. Following
graduation, Emma worked at Washington University
School of Medicine in St. Louis examining brain activity in
patients with postoperative delirium or those undergoing
electroconvulsive therapy for treatment-resistant
depression. Emma is a currently a doctoral candidate in the
Neuroscience Graduate Program at the University of Michigan, where is she
is studying the role of prefrontal and parietal cortices in consciousness using
psychedelic and anesthetic drugs in an animal model. She is also interested in
non-pharmacological altered states of consciousness, with a focus on shamanic
practice.

Neural Correlates of the Shamanic State of Consciousness

Emma Huels, U Michigan; Co-Authors: Hyoungkyu Kim; UnCheol Lee; Tarik
Bel-Bahar; Angelo V. Colmenero; Amanda Nelson; Stefanie Blain-Moraes;
George A. Mashour; Richard E. Harris

Psychedelics have been recognized as model interventions for studying altered
states of consciousness. However, few empirical studies of the shamanic

state of consciousness, which is anecdotally similar to the psychedelic state,
exist. We investigated the neural correlates of shamanic trance using high-
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density electroencephalography (EEG) in 24 shamanic practitioners and

24 healthy controls during rest, shamanic drumming, and classical music
listening, followed by an assessment of altered states of consciousness. EEG
data were used to assess changes in absolute power, connectivity, signal
diversity, and criticality, which were correlated with assessment measures. We
also compared assessment scores to those of individuals in a previous study
under the influence of psychedelics. Shamanic practitioners were significantly
different from controls in several domains of altered states of consciousness,
with scores comparable to or exceeding that of healthy volunteers under the
influence of psychedelics. Practitioners also displayed increased gamma power
during drumming that positively correlated with elementary visual alterations.
Furthermore, shamanic practitioners had decreased low alpha and increased
low beta connectivity during drumming and classical music and decreased
neural signal diversity in the gamma band during drumming that inversely
correlated with insightfulness. Finally, criticality in practitioners was increased
during drumming in the low and high beta and gamma bands, with increases
in the low beta band correlating with complex imagery and elementary visual
alterations. These findings suggest that psychedelic drug-induced and non-
pharmacologic alterations in consciousness have overlapping phenomenal
traits but are distinct states of consciousness, as reflected by the unique
brain-related changes during shamanic trance compared to previous literature
investigating the psychedelic state.

CHARLOTTE MARTIAL
University of Liege

Charlotte heads the projects on the phenomenon of near-
death experiences (NDEs) at the Coma Science Group
(GIGA-Consciousness, University of Liege, BE). More
generally, Charlotte’s work aims to investigate various states
of disconnected consciousness (being conscious without
experiencing the external world). She studies conditions in
which people are outwardly unresponsive such as during
general anesthesia or cardiac arrest, but ‘disconnected’ and/or ‘connected’

to the world, as testified by the detailed subjective reports upon awakening.
She also explores the neural correlates of other altered or modified states of
consciousness, such as disorders of consciousness and hypnosis (mainly using
behavioral assessments, MRl and EEG techniques). She joined the Centre for
Psychedelic Research (Division of Brain Sciences, Imperial College London, UK)
in 2019 to investigate the overlap between the phenomenology of the classical
psychedelic experiences and NDEs. Charlotte is also affiliated to the Psychology
and Neuroscience of Cognition Research Unit (PsyNCog) from the University

of Liege (BE). Next to her neuroscientific interest, she is also involved in the
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clinical management of patients suffering from disorders of consciousness (e.g.,
vegetative/unresponsive state, minimally conscious state).

Near-death experience as a probe to explore (disconnected) consciousness

Charlotte Martial, Coma Science Group (GIGA-Consciousness), University of
Liege, Liege, Belgium

Almost fifty years ago, the first evidence of near-death experience (NDE)

during comatose state was provided, setting the stage for a new paradigm for
studying disconnected consciousness and its underlying neurophysiological
mechanisms. Although, historically, no thematic of research has been discussed
more emotionally than the phenomenon of NDE, this is now changing and
research on the phenomenon is currently increasing throughout the world. The
talk provides an overview of the current state of the art in NDE research and
where new opportunities for understanding the phenomenon may arise in the
future.

ELIZABETH KRASNOFF
California Institute for Human Science

Elizabeth W. Krasnoff, Ph.D., was born and raised in New
York, living now on the west coast in San Francisco and in NY
city. Her doctorate is in Transformative Studies, with a focus
in Consciousness Studies at the California Institute of Integral
Studies (CIIS). Her dissertation reviews the transformative
effects of sound, specifically "The Effects of Auditory Binaural
Beats on Consciousness and the Human Nervous System."

In 2015, she became a certified Energy Healer through the Academy of Intuition
Medicine® Master Certification program (MIM), and received her Sound Healing
and Therapy Certificate from the Globe Institute. Elizabeth is also a certified
Heartmath® Practitioner. Her MA is in Depth Psychology and Mythology from
Pacifica Graduate Institute. Her BA in English with a Russian concentration

was received from Boston College, Phi Beta Kappa, Summa cum laude. From
1994-1998 she lived abroad in Russia refining her comprehension of the Russian
language.

Altered States of Consciousness and Sound: The Auditory Pathways of
Binaural Beats

Elizabeth Krasnoff, California Institute for Human Science

In a time when the pursuit of altered states of consciousness is both leading
edge science and a mainstream pursuit, the spotlight is on all available methods
of consciousness alteration. Elizabeth investigates the power of sound to alter
our states of consciousness, specifically the auditory pathways of binaural
beats. Current theory in the Sound Healing field hypothesizes that binaural
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beats filter through our Reticular Activating System, presenting consciousness
altering data to the auditory brain. Binaural beats are a difference tone created
by two slightly different pitches. Electrical brain wave patterns respond to these
precise frequencies and appear to impact correlative states of consciousness.
The Reticular Activating System is a neural network located in the brainstem
responsible for modulating our three basic states of consciousness, awake,
light sleep and deep sleep. Clinical studies continue to show positive outcomes
in the leading edge field of binaural beats research, and the evidence is
mounting for a powerful musical healing technology—music embedded with
binaural beats. Moving forward, in her first double blind and controlled pilot
study, Elizabeth has compared the effects of relaxation music to the effects

of relaxation music plus inaudible binaural beats, measuring EEG, HRV, GSR,
bioenergy and subjective questionnaire response. All 4 subjects experienced
an improvement in brain function and had a calmer brain after adding BB to
brown noise or to music plus brown noise. Most also show an improvement

in microcirculation or cardiovascular score after listening to music plus brown
noise and BB, probably due to relaxation. All of them also showed an increase
in bioenergy after adding BB. BB seems to have profound effects on the
physiology of subjects and since it is not audible, these effects cannot be
attributed to the placebo effect. These results are encouraging in terms of
developing musical products incorporating binaural beats to affect our neural
rhythms and corollary states of consciousness and warrant further research
with more subjects and different frequencies of BB and different music

tracks. —Consciousness is an arousal and awareness of environment and self,
which is achieved through action of the RAS on the brain stem and cerebral
cortex (Daube, 1986; Paus, 2000; Zeman, 2001; Gosseries et al., 201).In a

time when the pursuit of altered states of consciousness is both leading edge
science and a mainstream pursuit, the spotlight is on all available methods of
consciousness alteration. Elizabeth investigates the power of sound to alter
our states of consciousness, specifically the auditory pathways of binaural
beats. Current theory in the Sound Healing field hypothesizes that binaural
beats filter through our Reticular Activating System, presenting consciousness
altering data to the auditory brain. Binaural beats are a difference tone created
by two slightly different pitches. Electrical brain wave patterns respond to these
precise frequencies and appear to impact correlative states of consciousness.
The Reticular Activating System is a neural network located in the brainstem
responsible for modulating our three basic states of consciousness, awake,
light sleep and deep sleep. Clinical studies continue to show positive outcomes
in the leading edge field of binaural beats research, and the evidence is
mounting for a powerful musical healing technology—music embedded with
binaural beats. Moving forward, in her first double blind and controlled pilot
study, Elizabeth has compared the effects of relaxation music to the effects

of relaxation music plus inaudible binaural beats, measuring EEG, HRV, GSR,
bioenergy and subjective questionnaire response. All 4 subjects experienced

The Science of Consciousness TSC2022 | Tucson, Arizona

an improvement in brain function and had a calmer brain after adding BB to
brown noise or to music plus brown noise. Most also show an improvement

in microcirculation or cardiovascular score after listening to music plus brown
noise and BB, probably due to relaxation. All of them also showed an increase
in bioenergy after adding BB. BB seems to have profound effects on the
physiology of subjects and since it is not audible, these effects cannot be
attributed to the placebo effect. These results are encouraging in terms of
developing musical products incorporating binaural beats to affect our neural
rhythms and corollary states of consciousness and warrant further research
with more subjects and different frequencies of BB and different music tracks.
— Consciousness is an arousal and awareness of environment and self, which
is achieved through action of the RAS on the brain stem and cerebral cortex
(Daube, 1986; Paus, 2000; Zeman, 2001; Gosseries et al., 2011).

KEYNOTE 2 — PLENARY 5
WEDNESDAY, APRIL 20, 2022
11:10 AM - 12:30 PM

PSYCHEDELICS

ROBIN CARHART-HARRIS

Ralph Metzner Distinguished Professor;

Director of Neuroscape Psychedelics Division,
Department of Neurology, University of California,
San Francisco

Robin Carhart-Harris moved to Imperial College London

in 2008 after obtaining a Ph.D. in Psychopharmacology
from the University of Bristol, focused on the serotonin
system, and an MA in Psychoanalysis from Brunel University, 2005. Robin has
designed human brain imaging studies with LSD, psilocybin, MDMA and DMT,
a clinical trial of psilocybin for treatment-resistant depression, a double-blind
randomized controlled trial comparing psilocybin with the SSRI, escitalopram,
for depression, published in the New England Journal of Medicine, and a
multimodal imaging study in first time users of psilocybin. Robin has published
over 100 scientific papers. He founded the Centre for Psychedelic Research at
Imperial College London in April 2019, the first of its kind. In 2021, he was listed
in TIME magazine’s “100 Next’, a list of 100 rising stars shaping the future. Also in
2021, he moved to University of California, San Francisco, becoming the Ralph
Metzner Distinguished Professor in Neurology and Psychiatry. At UCSF, Robin
will serve as Director of the new Psychedelics Division within the translational
neuroscience Centre, Neuroscape.
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Psychedelics: Brain Mechanisms
Robin Carhart-Harris, University of California, San Francisco

The talk takes a multi-level approach to the question of how psychedelics work
in the brain. Key themes include: the pharmacology of classic serotonergic
psychedelics, what this tells us about the current, developmental and
evolutionary function of serotonin 2A receptor signaling, the acute brain effects
of psychedelics as determined by functional brain imaging, current evidence for
psychedelic therapy, the 'REBUS' model of the action of psychedelics, and how
this maps on to the phenomenology of the acute psychedelic experience and
therapeutic outcomes. The talk will end with a focus on a recent double-blind
RCT comparing psilocybin therapy with an established antidepressant drug in
the treatment of depression.

PLENARY 6

WEDNESDAY, APRIL 20, 2022
2:00 PM - 4:10 PM

PSYCHEDELIC MECHANISMS

GEORGE MASHOUR, MD
Robert B. Sweet Professor & Chair, Anesthesiology

Faculty, Neuroscience Graduate Program

Professor of Neurosurgery, Pharmacology, and Psychology
Director, Michigan Psychedelic Collaborative

Scientific Director, Center for Consciousness Science

University of Michigan, Ann Arbor, Ml

There has been a renaissance of rigorous investigation into psychedelic
neuroscience and therapy, with a primary focus on canonical serotonergic
drugs such as psilocybin, lysergic acid diethylamide, and dimethyltryptamine.
However, it has been known since antiquity that subanesthetic doses or
concentrations of general anesthetics can evoke psychedelic experiences.

In this presentation, | will discuss some historical background of the use of
anesthetics as psychedelics, then pivot to the neurobiology of ketamine and
nitrous oxide. Drawing on studies by our research group in rodents, nonhuman
primates, and humans, | will discuss the effects of subanesthetic ketamine

and nitrous oxide on neuronal spike activity, cortical information transfer, and
large-scale functional connectivity patterns in the brain. Lastly, | will discuss
recent data that examines the phenomenon of increased neurophysiologic
complexity during psychedelic drug exposure and the potential neurochemical
underpinnings based on concomitant high-density electroencephalography and
multi-site microdialysis in the rodent brain.
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ALEX C. KWAN, PH.D.

Yale University

Alex Kwan is a neuroscientist whose work is focused on
the neurobiology of antidepressants. He is known for using
sophisticated optical imaging methods to show how drugs,
such as ketamine and psilocybin, modify the structure and
function of brain circuitry. His research has been published
in top peer-reviewed journals including Neuron, Nature
Neuroscience, and Biological Psychiatry. He has a Ph.D. in
Applied Physics from Cornell University and is currently an Associate Professor
in the Department of Psychiatry at Yale University. Website: http://alexkwanlab.
org/ Twitter: @kwanalexc

Visualizing the plasticity-promoting action of psilocybin
Alex C. Kwan, Yale University

Psychedelics are compounds that produce an atypical state of consciousness
characterized by altered perception, cognition, and mood. In addition to the
subjective effects, it has long been recognized that these compounds have
therapeutic potential for mood disorders. Among psychedelics, psilocybin
has yielded highly promising results showing a relief of depression symptoms
with rapid onset and long duration of weeks if not months. The long-lasting
beneficial effects of psilocybin depend presumably on neural plasticity;
however, the neural basis remains unclear. In this talk, | will describe a dendrite-
based framework for understanding how psychedelics may promote neural
plasticity. | will discuss recent experiments with psilocybin in mice to test key
aspects of the cellular and circuit mechanisms.

KATRIN PRELLER, PH.D.
University of Zurich; Yale University

Katrin Preller received her M.Sc. (Neuropsychology and
Clinical Psychology) from University of Konstanz, Germany.
She joined the University of Zurich where she investigated
the neurobiological long-term effects of cocaine, MDMA, and
heroin use. After completing her Ph.D., she investigated the
effects of psychedelics at the Neuropsychopharmacology
and Brain Imaging Lab. She received a SNSF PostDoc
mobility fellowship and worked at the Wellcome Trust Centre for Neuroimaging,
UCL, London, and Yale University, New Haven. Subsequently, she was
appointed as Group Leader at the University of Zurich and holds a position

as Visiting Assistant Professor at Yale University. She is investigating the
mechanistic effects of psychedelics and their therapeutic potential in various
clinical populations.
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The neurobiology of altered states of consciousness
Katrin Preller, University of Zurich; Yale University

Due to their unique effects on consciousness, psychedelics offer the opportunity
to investigate the neuropharmacological mechanisms underlying alterations

in perception and cognition important for increasing our understanding of
psychiatric disorders. Furthermore, renewed interest in the potentially beneficial
clinical effects of psychedelics warrants a better understanding of their
underlying neuropharmacological mechanisms. However, major knowledge
gaps remain regarding the neurobiology of psychedelics in humans.

In our studies we show that LSD and psilocybin modulate brain connectivity

and subjective effects via agonistic activity on the serotonin 2A receptor in
humans. Furthermore, we elucidate the neuropharmacology of self-relevance
and meaning processing, as well as the intertwined relationship between self-
processing and social cognition via the administration of LSD and psilocybin. We
additionally show that the neural correlates of psychedelic-induced states differ
from non-pharmacologically induced altered states of consciousness.

Our results thus attenuate major knowledge-gaps regarding the neurobiology
and neuropharmacology of psychedelics. Furthermore, they increase our
mechanistic understanding of cognitive and emotional processes and therefore
offer important directions regarding the development of novel therapeutics.
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8:30 AM - 10:40 AM

TIME & CONSCIOUSNESS

Daniel Sheehan, University of San Diego
Paul Davies, Arizona State University

Sir Roger Penrose, Oxford University

DANIEL SHEEHAN
University of San Diego

Daniel P. Sheehan is Professor of Physics at the University
of San Diego. His areas of interest include plasma physics,
the foundations of thermodynamics, energy technology,
nanotechnology, consciousness, and the physics of time and
retrocausation.
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Time’s Broken Arrow: Consciousness and Temporal Bidirectionality
D.P. Sheehan, Department of Physics, University of San Diego

During the last 20 years it has become increasingly clear that our physical
understanding of time is incomplete. Although the fundamental equations of
physics are time-symmetric — that is, they equally admit time-forward (retarded)
and time-reversed (advanced) solutions [1] — natural processes and our
personal experiences generally demonstrate a forwardly-directed, temporally
asymmetric “arrow of time.” (The second law of thermodynamics is thought

to underwrite most temporal asymmetries.) Human and animal precognition
are at odds with this standard temporal arrow [2]; recent quantum laboratory
experiments further press the issue. This presentation considers the case for
temporal bidirectionality in the natural world and in human consciousness,
focusing on precognition and retrocausation. Also considered is the possibility
that precognitive effects might be demonstrated by non-sentient devices, i.e.,
informational time machines. It is argued that retrocausation and precognition
are not at odds with standard physics but are in fact natural outcomes of it.
Indeed, time may be losing its direction — but not its mind. In fact, it may finally
be coming to its senses.

1) H.D. Zeh, The Physical Basis of the Direction of Time, Springer, Berlin (2001).

2) D.P. Sheehan (Editor), AIP Conf. Vols. 863, 1408 ,1841; AIP Press (2006, 2011,
2017).

PAUL DAVIES
Arizona State University

Paul Davies is a theoretical physicist, cosmologist,
astrobiologist and best-selling science author. He has
published about 30 books and hundreds of research papers
and review articles across a range of scientific fields. He

is also well-known as a media personality and science
popularizer in several countries. His research interests
have focused mainly on quantum gravity, early universe
cosmology, the theory of quantum black holes and the nature of time. He has
also made important contributions to the field of astrobiology and was an
early advocate of the theory that life on Earth may have originated on Mars.
For several years he has also been running a major cancer research project
and developed a new theory of cancer based on tracing its deep evolutionary
origins. Among his many awards are the 1995 Templeton Prize, the Faraday
Prize from The Royal Society, the Kelvin Medal and Prize from the Institute

of Physics, the Robinson Cosmology Prize and the Bicentenary Medal of
Chile. He was made a member of the Order of Australia in the 2007 Queen’s
birthday honours list and the asteroid 6870 Pauldavies is named after him. His
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more recent books include “What’s Eating the Universe?”, “The Demon in the
Machine”, “About Time”, “The Origin of Life”, “The Goldilocks Enigma: Why Is the
Universe Just Right for Life?”, “How to Build a Time Machine” and “The Eerie
Silence: Are We Alone in the Universe?”

Education:

BSc First Class in Physics, University College London, 1967; Ph.D., Physics
Department, University College London, 1970;

DSc honoris causa, Macquarie University, Sydney (2006); DSc honoris causa,
Chapman University, California (2009)

DSc honoris causa, University of Newcastle upon Tyne (2019)
Time’s Flow Is An lllusion: Time Doesn’t Pass, Selves Do
Paul Davies, Arizona State University

The universal perception that time passes, or flows, is an illusion. Time cannot
change; the world can. | shall demonstrate that the concept of a flow of time is
meaningless, and instead trace the origin of this impression to the false tacit
assumption that ‘the self, i.e. personal identity, is conserved in time. This error
arises because of the large degree of mutual information between the self

at earlier and later times. The fact that time (clearly) does not flow in no way
undermines the existence of an arrow of time in the physical world, understood
as an asymmetry in the evolution of physical states in time. An asymmetry of
the world in time is not an asymmetry of time. The universal perception that
time passes, or flows, is an illusion. Time cannot change; the world can. | shall
demonstrate that the concept of a flow of time is meaningless, and instead
trace the origin of this impression to the false tacit assumption that ‘the self,
i.e. personal identity, is conserved in time. This error arises because of the
large degree of mutual information between the self at earlier and later times.
The fact that time (clearly) does not flow in no way undermines the existence
of an arrow of time in the physical world, understood as an asymmetry in the
evolution of physical states in time. An asymmetry of the world in time is not an
asymmetry of time.

SIR ROGER PENROSE

University of Oxford — Nobel Laureate

Emeritus Rouse Ball Professor of Mathematics, Emeritus
Fellow, Wadham College University of Oxford

United Kingdom

Roger Penrose was born, August 8, 1931 in Colchester Essex
UK. He earned a 1st class mathematics degree at University
College London; a Ph.D. at Cambridge UK, and became
assistant lecturer, Bedford College London, Research Fellow
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St John’s College, Cambridge (now Honorary Fellow), a post-doc at King’s
College London, NATO Fellow at Princeton, Syracuse, and Cornell Universities,
USA. He also served a 1-year appointment at University of Texas, became

a Reader then full Professor at Birkbeck College, London, and Rouse Ball
Professor of Mathematics, Oxford University (during which he served several
Y2-year periods as Mathematics Professor at Rice University, Houston, Texas).
He is now Emeritus Rouse Ball Professor, Fellow, Wadham College, Oxford
(now Emeritus Fellow). He has received many awards and honorary degrees,
including knighthood, Fellow of the Royal Society and of the US National
Academy of Sciences, the De Morgan Medal of London Mathematical Society,
the Copley Medal of the Royal Society, the Wolf Prize in mathematics (shared
with Stephen Hawking), the Pomeranchuk Prize (Moscow), and one half of the
2020 Nobel Prize in Physics, the other half shared by Reinhard Genzel and
Andrea Ghez. He has designed many non-periodic tiling patterns including a
large paving at entrance of Andrew Wiles Mathematics Building, Oxford, and
the Transbay Center, San Francisco, California. Sir Roger is widely acclaimed for
fundamental advances in understanding the universe. His 2020 Nobel Prize in
Physics was bestowed for showing that black holes are robust predictions of
Einstein’s theory of general relativity. Roger has also proposed a solution to the
measurement problem in quantum mechanics (‘objective reduction’, ‘OR’), which
he suggests is also the origin of consciousness, leading to a theory of brain
function (‘orchestrated objective reduction’, ‘Orch OR’). And Roger’s concept of
Conformal Cyclic Cosmology (‘CCC’) posits a serial, eternal universe, with the
Big Bang preceded by a previous aeon which had its own Big Bang, that aeon
preceded by another and so on.

KEYNOTE 3 — PLENARY 8
THURSDAY APRIL 21, 2022
11:10 AM - 12:30 PM

ASTROBIOLOGY & ASTROCONSCIOUSNESS

AVI LOEB
Harvard University

ABRAHAM (AVI) LOEB is the Frank B. Baird, Jr., Professor of
Science at Harvard University and a bestselling author (in
lists of the New York Times, Wall Street Journal, Publishers
Weekly, Die Zeit, Der Spiegel, LExpress and more).

Avi Loeb received a Ph.D. in Physics from the Hebrew
University of Jerusalem in Israel at age 24 (1980-1986), led
the first international project supported by the Strategic
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Defense Initiative (1983-1988), and was subsequently a long-term member of the
Institute for Advanced Study (1988-1993). Loeb has written 8 books, including
most recently, Extraterrestrial (Houghton Mifflin Harcourt, 2021), and about 800
papers (with an h-index of 117) on a wide range of topics, including black holes,
the first stars, the search for extraterrestrial life and the future of the Universe.
Loeb is the head of the Galileo Project in search for extraterrestrial intelligence,
the Director of the Institute for Theory and Computation (2007-present) within
the Harvard-Smithsonian Center for Astrophysics, and also serves as the Head
of the Galileo Project (2021-present). He had been the longest serving Chair

of Harvard’s Department of Astronomy (2011-2020) and the Founding Director
of Harvard’s Black Hole Initiative (2016-2021). He is an elected fellow of the
American Academy of Arts & Sciences the American Physical Society, and

the .International Academy of Astronautics. Loeb is a a former member of the
President’s Council of Advisors on Science and Technology (PCAST) at the
White House, a former chair of the Board on Physics and Astronomy of the
National Academies (2018-2021) and a current member of the Advisory Board
for “Einstein: Visualize the Impossible” of the Hebrew University. He also chairs
the Advisory Committee for the Breakthrough Starshot Initiative (2016-present)
and serves as the Science Theory Director for all Initiatives of the Breakthrough
Prize Foundation. In 2012, TIME magazine selected Loeb as one of the 25 most
influential people in space and in 2020 Loeb was selected among the 14 most
inspiring Israelis of the last decade. Click here for Loeb’s commentaries on
innovation and diversity. https://www.cfa.harvard.edu/~loeb/

The Galileo Project: In Search for Technological Interstellar Objects
Avi Loeb, Professor of Science, Harvard University

The search for extraterrestrial life is one of the most exciting frontiers in science.
First tentative clues were identified close to Earth in the form of the unusual
interstellar object ‘Oumuamua and Unidentified Aerial Phenomena (UAP) in the
Earth’s atmosphere. The recently announced “Galileo Project” ushers the new
frontier of “space archaeology” in search of extraterrestrial technological relics.
The lecture will feature content from my book “Extraterrestrial”, as well as the
textbook “Life in the Cosmos”, both published in 2021. Related material was also
featured in my weekly commentaries in Scientific American and Medium.
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2:00 PM - 4:10 PM

ORIGINS OF LIFE

DANTE LAURETTA

University of Arizona, Regents Professor,

Planetary Science and Cosmochemistry

University of Arizona Lunar & Planetary Laboratory

Dante Lauretta is principal investigator of the OSIRIS-REx
mission and a regents professor of planetary science at the
University of Arizona’s Lunar and Planetary Laboratory. His
research interests focus on the chemistry and mineralogy
of asteroids and comets, and he is an expert in the analysis
of extraterrestrial materials, including asteroid samples, mete-orites and comet
particles.

Dr. Lauretta fosters the advancement of the next generation of scientists,
engineers, and other space leaders through mentorship and taught coursework
which apply his expertise in planetary science and spacecraft mission design &
implementation. Dr. Lauretta heads the OSIRIS-REx research team at UArizona
working on this mission, which has included more than 100 undergraduate and
graduate students. This project will help ensure that the University of Arizona
remains at the forefront of planetary exploration for the next decade.

NASA's OSIRIS-REx Mission

The OSIRIS-REx mission was selected in 2011. The spacecraft launched in
September 2016 and began its journey to Bennu, a carbon-rich, near-Earth
asteroid. The spacecraft rendezvoused with Bennu in 2018 and successfully
obtained a sample in October 2020. The spacecraft embarked on its return
voyage to Earth on May 10, 2021. On Sept. 24, 2023, the spacecraft will jettison
the sample capsule and send it onto a trajectory to touch down in the Utah
desert. Sample analysis will continue until 2025. These samples will be the first
for a U.S. mission and may hold clues to the origin of the solar system and the
organic molecules that may have seeded life on Earth. The University of Arizona
leads the mission for NASA and will provide sample analysis laboratories for
the returned samples. NASA's Goddard Space Flight Center provides overall
mission management. Lockheed Martin Space Systems built the spacecraft.
United Launch Alliance built the mission’s Atlas V launch vehicle. The mission is
in an exciting phase right now as the OSIRIS-REx spacecraft continues its return
journey to Earth. www.AsteroidMission.org
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Testing Theories for the Origin of Life Using Samples of Near-Earth Asteroid
(101955) Bennu

Dante Lauretta, University of Arizona, Lunar & Planetary Laboratory

On Oct. 20, 2020, NASA's OSIRIS-REx spacecraft descended to the surface
of asteroid Bennu, contacted briefly, and collected a sample of carbonaceous
material (Lauretta et al. 2021). These samples will return to Earth in 2023.
Analyses of these samples promise advancement in our knowledge of the
initial stages of planet formation and the origin of life (OOL). In particular,

the samples will be analyzed to determine whether the building blocks
required for the different OOL theories could have been delivered to Earth by
carbonaceous asteroids. A leading theory in origin of life research is the RNA
World Hypothesis, in which RNA is the first biomolecule and performs both
reproductive and catalytic functions (Woese 1967; Eigen and Schuster 1977,
Gilbert 1986). The sample analysis team (SAT) will analyze solvent extracts of
Bennu samples for the presence of purines and pyrimidines (Callahan et al.
20M), and polyols including ribose and other bioessential sugars (Furukawa
et al. 2019). Alternatively, the Protein World Hypothesis purports that proteins
are amplified in the absence of any genetic function (lkehara 2005). The SAT
will analyze for both contemporary protein and non-protein amino acids and
peptides to test this hypothesis. In addition, the team will determine if organic
material contains enantiomeric excesses for chiral molecules that are of the
same handedness as found in life (i.e., L-amino acids). A third approach is
the Metabolism First Hypothesis, where self-reproducing and evolving proto-
metabolic networks predate self-replicating molecules (Vasas et al. 2010).
The SAT explores this concept by seeking signs of frozen chemical reaction
networks, catalytic cycles, autocatalytic cycles, or pathways. (Aponte et al.
2017; Ferndndez-Garcia et al. 2017). The above hypotheses are driven by the
principle that life is defined by a complex set of physicochemical processes
and assume that consciousness evolved after life’s origin. The Orchestrated
Objective Reduction hypothesis proposes that consciousness preceded

life. Consciousness, in this theory, is driven by self-collapse of the quantum
wavefunction, producing “proto-conscious” moments (Hameroff 2017) that could
have driven organic molecules to self-organize. The first molecules to enter
the quantum coherent state may have been polyaromatic hydrocarbons. These
hydrocarbon rings occur at the core of proteins, nucleic acids, and psychoactive
compounds. While not part of the SAT plan, we are investigating quantum
effects in the chemically complex, macromolecular organic material that likely
contains the bulk of Bennu’s carbon (Cody and Alexander 2005).
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SARA WALKER
Arizona State University

Professor Sara Walker is an astrobiologist and theoretical
physicist interested in the origin of life and how to find life on
other worlds. While there are many things to be solved, she
is most interested in whether or not there are ‘laws of life’ -
related to how information structures the physical world - that
could universally describe life here on Earth and on other
planets. At Arizona State University she is Deputy Director of
the Beyond Center for Fundamental Concepts in Science, Associate Director of
the ASU-Santa Fe Institute Center for Biosocial Complex Systems and Assistant
Professor in the School of Earth and Space Exploration. She is also Co-founder
of the astrobiology-themed social website SAGANet.org and is a member of the
Board of Directors of Blue Marble Space. She is active in public engagement in
science, with appearances at the World Science Festival and on "Through the
Wormhole" and NPR's Science Friday.

Hard Problems: Life and Consciousness
Sara Walker, Arizona State University

Understanding what life is, and by extension how it originates may be the most
difficult open question in science, rivaling only the problem of consciousness in
its potential difficulty. Both seem to bend our current understanding of physics
and chemistry as ill-equipped to solve them. This led the to the notion of the
‘hard problem’ of consciousness, meant to precisely articulate the key feature of
consciousness our current understanding of reality can’t explain - the problem
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of experience, that is why does it feel like anything to exist? Like consciousness,
here | argue that explaining life can similar be reduced to a single focal hard
problem, the hard problem of life, that is how can information affect the material
world? | discuss new developments in a theory called assembly theory aiming to
address this problem.

STEEN RASMUSSEN
University of Southern Denmark | Santa Fe Institute

Steen Rasmussen is currently a professor in physics and a
center director at University of Southern Denmark and an
external research professor at the Santa Fe Institute, USA. His
studies the creative forces in nature and engineers minimal
living and intelligent processes in computers, robots, and
the lab. He has consulted on science and technology issues
for the European Commission, the Danish Parliament, the
US Congress, as well as private organizations. He has received many rewards,
starting with P. Gorm-Petersens Mindelegat in the presence of Her Majesty the
Queen, Margrethe Il of Denmark, and most recently a Lifetime Achievement
Award from the International Society for Artificial Life. With his Co-Pls he

has won $39M in research grants to his home institutions and international
research consortia across the US, EU and Denmark. For 20 years he worked
at Los Alamos National Laboratory, USA. He returned to his current position in
Denmark late 2007.

Assembly and evolution of minimal living materials
Steen Rasmussen, University of Southern Denmark | Santa Fe Institute

We use a systemic protocell design process as a starting point for exploring two
fundamental questions: How may minimal living systems emerge from non-
living materials? And how may minimal living systems support increasingly more
evolutionary richness?

Living matter, as a minimum(1], is composed of (i) a metabolism that transforms
energy to support the involved reactions e.g., to generate building, (ii) an
informational system with inheritable information that at least in part controls
the metabolism and (iii) a container that co-localizes the metabolism and the
informational system. Further, the system exists in (iv) an environment that
provides resources and free energy as well as absorbs waste. We present an
experimental example of a protocellular system that satisfies the above.

Landauer’s principle[2][3][4][5] states that an ability to copy and evolve
information costs free energy. Therefore, available free energy must be a
prerequisite for replication to occur, and thus the existence of a metabolism is
a prerequisite as a converter of available free energy into the work needed in
replication. Good molecular candidates to support simple metabolic processes

The Science of Consciousness TSC2022 | Tucson, Arizona

are complexes of polyaromatic hydrocarbons and metal. Information in modern
life usually reefers to sequential information (e.g., in DNA and RNA or proteins),
while compositional information[6] (e.g., the composition of an aggregate) is a
less restrictive form of information that can also be replicated. We show how
compositional information can be coupled to a metabolism experimentally

as well as in simulation in the context of a minimal living protocell[7][8][9]. By
examining data from systems in physics, biology, engineering, and economics
it turns out that one can observe two different modes of evolution[10]:
optimization and expansion. The former may occur in systems whose size and
component interactions do not change substantially over time, while the latter
is a key property of open-ended evolution, where components and component
interactions change over time. Thus, to enhance the evolutionary richness in a
system that only optimizes, e.g., the above presented protocellular system, the
system must be enriched with new components, and thereby interactions, to
expand its potential dynamics. We have applied this simple design idea[11] with
some success to enhance the behavioral richness both for computational and
experimental investigations, but it is only in retrospect one can be certain, which
system expansions one should apply.

1] https://royalsocietypublishing.org/doi/10.1098/rstb.2015.0440
2] https://en.wikipedia.org/wiki/Landauer%27s_principle

3] https://www.nature.com/articles/ncomms8669

4] https://arxiv.org/abs/1004.4732

5] https://royalsocietypublishing.org/doi/10.1098/rsta.2016.0343
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[6] https://www.pnas.org/content/pnas/97/8/4112 full.pdf

[7] https://royalsocietypublishing.org/doi/10.1098/rstbh.2015.0440
[8] https://direct.mit.edu/isal/proceedings/isal2020/269/98487
[9] https://direct.mit.edu/isal/proceedings/isal/33/69/102946
[10] https://direct.mit.edu/artl/article-abstract/25/1/9/2914/

[

1] https://direct.mit.edu/artl/article-abstract/7/4/329/2381/
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PLENARY 10
FRIDAY, APRIL 22, 2022
8:30 AM —10:40 AM

THEORIES OF CONSCIOUSNESS

BIYU J. HE
New York University, Langone

Biyu received her Ph.D. in Neuroscience from Washington
University in St. Louis. Prior to joining NYU, she led her own
independent research group in the intramural research
program of the NIH/NINDS, with an intramural equivalent of
the NIH Director’s Early Independence Award. Her laboratory
uses a combination of invasive and non-invasive multimodal
human brain imaging, brain stimulation, and computational
approaches to investigate the neural mechanisms of perceptual processing in
the human brain. She has also made original contributions to understanding the
organization, mechanisms and functional roles of spontaneous brain activity and
aperiodic brain activity. She has received a Society for Neuroscience Trubatch
Career Development Award, an NSF CAREER Award, and a Klingenstein-Simons
Fellowship Award among other awards.

Neural mechanisms of conscious visual perception
Biyu He, New York University

Despite intense interests and research over the past three decades, the neural
mechanisms of conscious visual perception remain a mystery. In this talk, | will
give an overview of our recent work tackling this fundamental question. Using

a combination of high temporal resolution (E/MEG, electrocorticography) and
high spatial resolution (e.g., 7T fMRI) techniques to record from the human brain,
and employing multiple perceptual paradigms, we have found that: I) Conscious
perception likely requires the coordination of large-scale brain dynamics across
multiple brain networks, including both content-specific cortical activity and
non-content-specific subcortical activity. Il) The preexisting brain state, including
both the connectivity patterns reflecting past experiences and the moment-
to-moment spontaneous activity fluctuations, strongly shapes conscious
perception. In addition, | will discuss the implications of these findings for
theories of conscious perception.
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YURI B. SAALMANN
University of Wisconsin — Madison

Yuri Saalmann is an Associate Professor in the Department of
Psychology, UW-Madison, and Director of the Saalmann Lab,
Wisconsin National Primate Research Center. He performed
his doctoral work in neuroscience at the Australian National
University, and postdoctoral research at the University

of Melbourne, Australia, and Princeton University. His lab
investigates the neural basis of cognitive control — the ability
to flexibly adapt behavior according to goals and context — and consciousness.
This is done using a combination of neuroimaging and intracranial
electrophysiology in non-human primates and human subjects. His research
program is directed at understanding information processing in large-scale
brain networks in healthy subjects and subjects with psychiatric disorders, such
as schizophrenia and attention deficit hyperactivity disorder, and neurological
disorders, such as deficits in awareness after stroke.

Putting theories of consciousness to the test, using intracranial
electrophysiology and causal manipulations

Yuri B. Saalmann, University of Wisconsin — Madison

Competing theories of consciousness disagree on the contribution of frontal
versus posterior cortex and largely neglect subcortical influences. To test
proposed neural correlates of consciousness (NCC), we simultaneously
recorded neural activity from the frontal and parietal cortex, as well as
subcortical areas in the basal ganglia and central thalamus, of awake,

sleeping and anesthetized macaques. Further, we bidirectionally manipulated
consciousness on a finer scale using thalamic deep brain stimulation,

rousing macaques from continuously administered anesthesia or reducing
consciousness in behaving macaques. | will discuss machine learning analyses
of these neural data that show parietal cortex and subcortical areas contributed
more than frontal cortex to decoding different conscious states. This work
suggests that an integrated parietal-striatal-thalamic structure is important

for consciousness. | will also discuss an ongoing adversarial collaboration
testing the different NCC proposed by Global Neuronal Workspace Theory

and Integrated Information Theory, using high-density electrophysiology and
optogenetics in macaques and mice performing a similar sensory discrimination
task.
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LUCIA MELLONI
Max Planck Institute

Lucia Melloni is currently group leader at the Max Planck
Institute for Brain Research in Frankfurt am Main, Germany,
research assistant professor at New York University
Langone Medical Center, and a research scientist at
Columbia University College of Physicians and Surgeons
in New York, NY. Her research centers on consciousness,
electrophysiology, meditation, perceptual learning, and
predictive coding.

KEYNOTE 4 - PLENARY 11
11:10 AM - 12:30 PM

REALITY +: From the matrix to the metaverse

DAVID CHALMERS
New York University

DAVID CHALMERS is University Professor of Philosophy and
Neural Science and co-director of the Center for Mind, Brain,
and Consciousness at New York University. He is the author
of _The Conscious Mind_ (1996) and of Reality+: Virtual
Worlds and the Problems of Philosophy (2022). He is known
for formulating the “hard problem” of consciousness, for the
idea of the “extended mind,” and for the thesis that virtual
reality is genuine reality. David Chalmers was featured in the New York Times
Magazine, Dec. 10, 2021 - Interview with David Marchese - 'Can We Have a
Meaningful Life in a Virtual World' - http://consc.net/

David is Former Director and Founder, Center for Consciousness Studies,
University of Arizona. Faculty positions included, UC Santa Cruz, University of
Arizona, Australian National University. Ph.D., Philosophy and Cognitive Science,
Indiana University; McDonnell Fellow at Washington University; Rhodes Scholar
in Pure Maths and Computer Science at the University of Adelaide in Australia.
David Chalmers is Co-Founder, Center for Consciousness Studies, Tucson.
Chalmers’s writings include: Philosophy of Mind; The Conscious Mind; The
Character of Consciousness; Constructing the World; Mind and Consciousness;
Facing Up to the Problem of Consciousness.

Reality+: From the Matrix to the Metaverse
David Chalmers, Professor of Philosophy and Neural Science

I'll argue that virtual reality is genuine reality. A simulated universe such as the
Matrix could be indistinguishable from physical reality. Such a reality need not
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be illusory. The same goes for the Metaverse: the virtual worlds that we will
create in coming decades with virtual and augmented reality technology. | will
argue that Metaverse-style virtual worlds are genuine realities, and that we can
live a meaningful life in these virtual worlds.

PLENARY 12
FRIDAY, APRIL 22, 2022
2:00 PM - 4:10 PM

QUANTUM NEUROSCIENCE

HARTMUT NEVEN
Google Quantum Al

Hartmut Neven is an Engineering Director at Google.

He is the founder and manager of the Quantum Atrtificial
Intelligence lab. The objective of the lab is to fabricate
quantum processors and develop novel quantum algorithms
to dramatically accelerate computational tasks for machine
intelligence. Previously, Hartmut was head of the Visual
Search team. His team developed the visual search service
which today is used by a large number of Google products including Image
Search, Google Photos, YouTube, Street View and Google Goggles. His teams
won a humber of competitions designed to establish the best visual recognition
software for faces (FERET 1996, FRVT 2002), objects (ImageNet 2014) and

text (ICDAR 2013). Hartmut was also a co-founder of project Glass and led the
team that built the first prototype. Prior to joining Google, Hartmut started two
computer vision companies, the second one was acquired by Google in 2006.
Hartmut obtained his Ph.D. in 1996 with a thesis on "Dynamics for vision-guided
autonomous mobile robots". Then he became a research professor for computer
science and theoretical neuroscience at the University of Southern California.
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AARAT KALRA
Princeton University

Dr. Aarat Kalra is a postdoctoral scientist in the Scholes group
at Princeton University. He is an expert on microtubules

and works to determine the feasibility of excitonic energy
transport within these biological nanowires. Dr. Kalra has
previously worked with approaches from both physics and
biology to determine the relevance of physical interactions

in biological systems. His experiments have shown that the
electrostatic behaviour of microtubules is solvent dependent and can regulate
local chemical environment. Light at the End of the Tunnel.

TRAVIS J.A. CRADDOCK
Institute for Neuro-Immune Medicine
Nova Southeastern University, Fort Lauderdale, FL, USA

Departments of Psychology & Neuroscience,
Computer Science, and Clinical Immunology,
Nova Southeastern University, Fort Lauderdale FL, USA

Microtubules are self-assembling biological nanotubes made
of the protein tubulin that are essential for cell motility, cell
architecture, cell division and intracellular trafficking. The
unique mechanical properties of microtubules give rise to a high resilience and
stiffness due to their quasi-crystalline helical structure. It has been theorized that
this hollow molecular nanostructure may function like a quantum wire where
optical transitions can take place, where photo-induced changes in microtubule
architecture may be mediated via changes in disulfide or peptide bonds or
stimulated by photoexcitation of tryptophan, tyrosine or phenylalanine groups,
resulting in subtle protein structural changes owing to alterations in aromatic
flexibility. Here theories of light-matter interactions with aromatic amino acids in
tubulin and microtubules are presented. Additionally, experimental evidence is
presented of the Raman scattering spectra of microtubules and tubulin in both
dry and aqueous states showing active Fano resonances which are indicative of
quantum coupling between discrete phonon vibrational states and continuous
excitonic many-body spectra.
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WORKSHOPS - DESCRIPTIONS/BIOS

SESSION 1- WORKSHOP 1
MONDAY MORNING, APRIL 18, 2022
9:00 AM - 12:30 PM — Kiva Ballroom

PROGRESS ON DUAL-ASPECT THINKING

HARALD ATMANSPACHER, ETH ZURICH
Physicist, The Collegium Helveticum (ETH Zurich,
Switzerland)

Harald Atmanspacher, Ph.D., is a member of the Turing
Center at ETH Zurich. After his Ph.D. in physics at Munich
University (1986), he worked as a research scientist at the
Max-Planck-Institute for Extraterrestrial Physics at Garching
until 1998. Then he served as head of the theory group at
the Institute for Frontier Areas of Psychology at Freiburg
until 2013, and in the management board of Collegium Helveticum (ETH and
University Zurich) until 2020. His fields of research are the theory of complex
systems, conceptual and theoretical aspects of (algebraic) quantum theory, and
mind-matter relations from interdisciplinary perspectives. He is the president
of the Society for Mind-Matter Research and editor of the interdisciplinary
international journal Mind and Matter. For more details see https://www.
mindmatter.de/about/board.html.

PAAVO PYLKKANEN
University of Helsinki and University of Skévde

Paavo Pylkkanen, Ph.D., is Senior Lecturer in Theoretical
Philosophy and Director of the Bachelor’s Program in
Philosophy at the University of Helsinki. He is also Associate
Professor of Theoretical Philosophy (currently on leave) at
the Department of Cognitive Neuroscience and Philosophy,
University of Skdvde, where he initiated a Consciousness
Studies Program. His main research areas are philosophy

of mind, philosophy of physics and their intersection. The central problem in
philosophy of mind is how to understand the place of mind — and especially
conscious experience — in the physical world. Pylkkanen has explored whether
this problem can be approached in a new way in the framework of the new
holistic and dynamic worldview that is emerging from quantum theory and
relativity. He has in particular been inspired by the physicists David Bohm and
Basil Hiley’s interpretation of quantum theory and has collaborated with both of
them.
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In his 2007 book Mind, Matter and the Implicate Order (Springer) he proposed
that Bohmian notions such as active information and implicate order provide
new ways of approaching key problems in philosophy of mind, such as mental
causation and time consciousness. The overall aim of his research is to develop
a scientific metaphysics. Paavo Pylkkdnen has been a visiting researcher in
Stanford University, Oxford University, London University, Charles University
Prague and Gothenburg University and is a member of the Academy of Finland
Center of Excellence in the Philosophy of Social Sciences (TINT).

DEAN RICKLES

¥ University of Sydney

Dean Rickles is Professor of History and Philosophy of
Modern Physics at the University of Sydney and a Director

of the Sydney Centre for Time. Dean Rickles was born in
Hull, Yorkshire. He briefly trained as a concert pianist at the
London College of Music, before switching to philosophy. He
received an MA from the University of Sheffield (1999) and
Ph.D. from the University of Leeds (2004). During a two-year
postdoctoral fellowship at the University of Calgary in 2005,
he worked on the application of complex systems theory to population health.
[1][2] He took up a lectureship at the University of Sydney in 2007 and was
awarded a five-year Australian Research Council fellowship in 2008 followed by
an Australian Research Council Future Fellowship in 2014. Rickles primary focus
is on string theory, quantum gravity, and symmetries.

ROBERT PRENTNER
University of Munich

Robert is an interdisciplinary scientist and philosopher
interested in consciousness studies and the history and
philosophy of science. He received a doctorate in physical
chemistry in 2013 and a doctorate in philosophy in 2017 from
ETH Zirich. His Erdés number is 4. Currently, he is a senior
research fellow at the Center for the Future Mind at Florida
Atlantic University and a postdoctoral fellow at the Munich
Center for Mathematical Philosophy at LMU Miinchen.
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MONDAY MORNING, APRIL 18, 2022

SESSION 1- WORKSHOP 2
9:00 AM - 12:30 PM — Grand Ballroom B

TESTING ORCH OR

- M. BRUCE MACIVER
»,‘?3 Stanford University

Professor Maclver explores the molecular and cellular
mechanisms of sedatives and anesthetics and how these
drugs alter higher nervous system functions to produce

loss of consciousness. He was trained in neuroscience and
pharmacology at the University of Calgary and began his
career at Stanford over thirty years ago and has directed the
Stanford Neuropharmacology Laboratory since then. Current
research is directed at the development of safer and more effect anesthetics
using state-of-the-art electrophysiological approaches using in vitro brain

slice preparations and freely moving animal models. He is also using newly
developed EEG analysis techniques in animals and human subjects to quantify
brain states associated with the loss and recovery of consciousness.

= " JACK TUSZYNSKI
University of Alberta/Politecnico di Torino

Dr. Jack Tuszyriski obtained his Ph.D. in condensed matter
physics in 1983 from the University of Calgary. From 1983
to 1988 he was a faculty member at the Department of
Physics of the Memorial University of Newfoundland in

St. John’s. He moved to the University of Alberta in 1988
as an assistant professor, between 1990 to 1993 he was
an associate and then full professor at the Department of
Physics. As of 2005 he has held the prestigious Allard Chair in Experimental
Oncology at the Cross Cancer Institute where he leads an interdisciplinary
computational drug discovery group. He is also a Fellow of the National Institute
for Nanotechnology of Canada. Dr. Tuszynski held visiting professorship and
research positions in China, Germany, France, Israel, Denmark, Belgium and
Switzerland. He has published over 500 peer-reviewed journal papers, and
12 books. He delivered almost 400 scientific talks at conferences on five
continents, half of which were invited presentations. He submitted 15 reports
of invention, 21 patent applications and obtained 4 patents in the USA, South
Korea, Japan and Singapore. His research has been supported by over 100
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research grants from Canadian, US and European funding agencies. He is on
the editorial board of almost 30 international journals including the Journal

of Biological Physics. He is an Associate Editor of The Frontiers Collection,
Springer-Verlag, Heidelberg. Current affiliations are: Professore Ordinario,
DIMEAS, Politecnico di Torino, Allard Endowed Research Chair, Department
of Experimental Oncology, University of Alberta. Full Professor, Department of
Physics, University of Alberta.

AARAT KALRA
Princeton University

Dr. Aarat Kalra is a postdoctoral scientist in the Scholes group
at Princeton University. He is an expert on microtubules

and works to determine the feasibility of excitonic energy
transport within these biological nanowires. Dr. Kalra has
previously worked with approaches from both physics and
biology to determine the relevance of physical interactions

in biological systems. His experiments have shown that the
electrostatic behaviour of microtubules is solvent dependent and can regulate
local chemical environment. Light at the End of the Tunnel.

GREG SCHOLES
Princeton University

A big question at the interface of fields is whether “non-

trivial” quantum-mechanical phenomena underly function
' in biology—perhaps even relating to mysteries of how
: our brains work. | will outline the challenges and issues of

the field, then describe some relevant recent studies of
microtubules. Microtubules are long, slender cylindrical
polymers of the protein a, 8- tubulin that play a variety of
intracellular roles, from acting as ‘railroads’ for macromolecular transport to
providing mechanical forces for chromosomal segregation and forming cilia and
flagella for cell motility. Microtubules bind to anesthetic molecules, provoking
questions about the role of this interaction on anesthetic induced consciousness
loss. Anesthetics have been modelled to alter excitonic states within tubulin
aromatic amino acids, leading to downstream effects on information processing
and consciousness. However, experimental evidence for an exciton-based
mechanism of action has remained elusive. New studies in this direction will be
reported.
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ARISTIDE DOGARIU
University of Central Florida

Aristide Dogariu received his Ph.D. from Hokkaido University
and he is currently University Trustee Chair and Pegasus
Professor at CREOL, the College of Optics and Photonics,
University of Central Florida. His research interests include
optical physics, electrodynamics, wave propagation, and
complex media. Professor Dogariu is a Fellow of the Optical
Society of America, the Physical Society of America and he is the recipient of
the International Society for Optics and Photonics’ G. G. Stokes Award.

TRAVIS J.A. CRADDOCK
Institute for Neuro-Immune Medicine, Nova Southeastern
University

The Orch OR theory suggests consciousness depends on quantum
processes in microtubules inside brain neurons. Here we describe

two sets of never-before-performed crucial experiments designed to
attempt to decisively demonstrate quantum processes in microtubules,
and if demonstrated, to test their sensitivity to anesthetic molecules.
The average effective dose for anesthetic molecules to cause loss of
consciousness is defined by the minimal alveolar concentration (MAC’ —
in equilibrium with lungs, blood and brain), so anesthetic potency correlates with /MAC. Orch
OR predicts that quantum processes in microtubules become dampened by all anesthetic
molecules, and this effect should be proportional to their potency (/MAC). As anesthesia is
the most direct observable effect on consciousness, experimental evidence for comparable
effects on quantum processes in microtubules would corroborate the major tenet of Orch OR
and constitute a turning point toward acceptance of this theory as a fundamental scientific
framework for consciousness. Towards this end, we will conduct two sets of independent
experiments aimed at demonstrating the existence of long-range and long-lived collective
quantum states in microtubules, and investigate how the presence of anesthetic molecules
may influence these states. The first set of experiments will examine Tryptophan excitations

in tubulin compared to microtubules to show if spatially-delocalized quantum states exist

in these systems and if they can be quenched by anesthetics. This would be analogous to

the demonstration of quantum states in photosynthetic systems that launched quantum
biology. If successful, this experiment will reveal the presence/absence of quantum collective
states in microtubules as a function of anesthetic action. The second set of experiments will
study delayed luminescence in microtubules to determine decoherence times of electronic
excitations in microtubules. This type of experimental interrogation examines the duration of
electronic quantum states in microtubules, which can be photo-excited but possibly quenched
by anesthetics. Most importantly, this will address the much-contested question of the existence
of long-lived quantum states in biological systems, which has cast doubt on the ability of these
states to affect human cognitive processes. Delayed luminescence on the order of seconds
or beyond will remove these doubts. In this workshop, a progress report will be provided by
the participants in the Templeton project who will discuss the results obtained to date and their
significance for the quantum model of consciousness that inspired these investigations.

Presenters will include: Stuart Hameroff, Jack Tuszynski, Travis Craddock, Aarat Kalra,
Bruce Maclver and others.

The Science of Consciousness TSC2022 | Tucson, Arizona

SESSION 1- WORKSHOP 3

MONDAY MORNING, APRIL 18, 2022
9:00 AM —12:30 PM - GRAND BALLROOM A

CONSCIOUSNESS AND ULTRASONIC NEUROMODULATION

JAY SANGUINETTI
University of Arizona

Dr. Jay Sanguinetti is an Adjunct Professor at the University of
Arizona and a Research Assistant Professor at the University
of New Mexico. His training was in philosophy, neuroscience,
and cognitive psychology, and his dissertation investigated
the neural processes of conscious and unconscious visual
perception. Dr. Sanguinetti specializes in psychophysiological
measures (EEG, fMRI, eye-tracking) of visual perception,
emotion, and mindfulness meditation. His team investigates novel forms of
brain stimulation, including the use of ultrasound and light-based stimulation

to enhance memory, perception, and well-being. Dr. Sanguinetti has published
widely, from topics on the neural basis of vision and the temporal dynamics of
perception to understanding how the brain changes in Parkinson’s disease and
schizophrenia. His current interests include using noninvasive brain stimulation
to enhance cognition and well-being. Jay is presently investigating whether
focused ultrasound neuromodulation can augment mindfulness practice in
collaboration with Shinzen Young. They recently launched the Sonication
Enhanced Mindful Awareness (SEMA) lab at the University of Arizona in
collaboration with the Center for Consciousness Studies. The SEMA lab is
developing accelerated mindfulness protocols for therapeutic interventions to
treat addiction, chronic pain, and depression. Dr. Sanguinetti is the Assistant
Director for the Center for Consciousness Studies, which runs the largest
international conference on consciousness studies.

SASHA BYSTRITSKY
University of California, Los Angeles

Alexander (Sasha) Bystritsky, M.D., Ph.D. is Co-Founder

and Executive Director of Tiny Blue Dot consciousness
research foundation and president of the Institute for
Advanced Consciousness Studies. He graduated from
Paviov Medical Institute (currently Paviov Medical University)
in St. Petersburg, Russia (former Soviet Union) with M.D.
degree in 1977 and then rapidly completed his Ph.D. in
Pharmacology in 1979. As a student he worked in the famous former Pavlov’s
laboratory of the Institute of Experimental Medicine. In 1976 his paper won

the Gold Medal for the Best Student Scientific Paper in the USSR among all
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sciences. He emigrated to the US in 1979 to New York where he completed
NYU-Belleview residency program in Psychiatry in 1985 and moved to UCLA as
a Robert Wood Johnson Clinical Scholar. He completed RWJ Clinical Scholars
program in 1987. Dr. Bystritsky has been on the UCLA Faculty since 1987. He

is currently a Professor of Psychiatry and Biobehavioral Sciences in Jane

and Terry Semel Institute for Neuroscience and Human Behavior Lynda and
Stewart Resnick Neuropsychiatric Hospital, David Geffen School of Medicine,
University of California, Los Angeles where he directs the Anxiety Disorders
Program and Brainstimulation Laboratory. Dr. Bystritsky published over 200
peer-reviewed papers and has served as the Pl and Co-Pl on many NIH,
foundations and industry sponsored grants. Over the years he earned several
honors and awards including OCD Foundation Research Award (2006) and
NARSAD Distinguished Investigator Award (2009). He is also listed in the Best
Doctors in America for the last 17 years. For several years he has been a Visiting
Professor at a Full Professor level in the Brigham and Women’s Hospital Harvard
University School of Medicine Boston, Massachusetts working with Professor
Ferenc Jolesz and Professor Seung-Schik Yoo investigating Focused Ultrasound
Pulsation effects on brain using fMRI. Dr. Bystritsky authored several patents

on image-guided neuromodulation of brain neurons using Focused Ultrasound
Pulsation. His current area of interest is neuroimaging guided brain stimulation.
He is a part of collaborative research program on image-guided DBS with

the department of Neurosurgery at UCLA. He is also participates at UCLA

LIFUP Center that studies the use of this new technology in brainmapping and
treatment of epilepsy and other brain disorders with Drs Engrl and Stern. This
collaborative group together with Brainsonix Corp. has recently began the first
Human Trials of this technology. Dr. Bystritsky is also collaborates with physicists
and mathematicians around the world in an attempt of creating mathematical
models helping to understand how the brain works.

MARTIN MONTI, UCLA (R)
Seung-Schik Yoo, Harvard University(R)
Martin Monti, UCLA (R)

Dr. Martin M. Monti is currently an assistant professor in the Departments of
Psychology and Neurosurgery at UCLA. Prior to joining the faculty at UCLA, in
201, he received his doctorate in Psychology and Neurosciences at Princeton
University (Princeton, NJ, USA), and spent three years as a Career Development
Fellow at the MRC Cognition and Brain Sciences Unit in Cambridge, UK. His
research is mainly centered on the neural basis of consciousness. In particular,
Dr. Monti’s research focuses on the mechanisms that accompany loss and
recovery of consciousness in patients who, after severe brain injury, enter a
Coma, Vegetative State, or Minimally Conscious State. Dr. Monti’s research

has been featured in a number of prestigious. international journals, including
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The New England Journal of Medicine, the British Medical Journal, Annals of
Neurology, and Brain, among others, and has often been featured in popular
media outlets, including both television (e.g., CNN, BBC, CBS) and print (e.g.,
Time Magazine, LA Times, Technology Report, Huffington Post). Dr. Monti was
recently recognized as a “Rising Star” by the Association for Psychological
Science (APS; April 2013). His work on the mechanisms of loss of consciousness
in anesthesia was recognized, in 2014, with the UCLA Life Science Faculty
Award for Outstanding Research Publication; and, in 2011, his work on patients
with disorders of consciousness was recognized by the Discover Magazine

as top story #41 of the year 2010. Finally, in 2014, Dr. Monti was invited, as an
external expert, to perform a specialized neuroimaging assessment of the
former Israeli prime minister Ariel Sharon who was, as the time, suffering from a
disorder of consciousness. https://tinybluedotfoundation.org/our-team/martin-m-
monti/

SEUNG-SCHIK YOO
Harvard University (R)

Seung-Schik is an associate professor of Radiology at Harvard Medical School,
and is a director of Neuromodulation and Tissue Engineering Laboratory (NTEL),
Brigham and Women's Hospital . He also serves as a faculty member of Mind
Brain Behavior at Harvard University. He has done early pioneering works in
developing real-time functional magnetic resonance imaging that are used to
interpret the human mind, and applied the technology to interface the brain
function with machines and computers. Later, he developed a new mode of
non-invasive brain stimulation modality which utilizes the focused ultrasound
waves to control regional neural functions, including the activity of the brain. He
is primarily interested in advancing the technique for various neurotherapeutics,
but also likes to seek out new ways to link thought/brain processes between
individuals. Seung-Schik also developed a three-dimensional bioprinter that

can ‘print out’ artificial brain tissues and organoids for potential applications in
neural computers and medical applications. https://projects.iq.harvard.edu/ntel/
people/seung-schik-yoo

SESSION 1- WORKSHOP 4
MONDAY MORNING, APRIL 18, 2022
9:00 AM —12:30 PM - GRAND BALLROOM C

QUANTUM MECHANICS AND CONSCIOUSNESS
The fields of biology and computer science have increasingly recognized a role

for quantum mechanics. Quantum biology now explains how the interactions
of proteins is critical to realistic models of vital biological functions. Quantum
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computation is on the horizon and will revolutionize cybersecurity and expand
the ability to find solutions to difficult problems in a practical timeframe.
However, mainstream understanding of the human mind has not been updated
to reflect the paradigm shift at play in science and technology. During this
workshop, Justin Riddle, Johannes Kleiner, and Kelvin McQueen will survey
current theories on how quantum mechanics may explain consciousness, the
unity of self, the question of freewill, human understanding of mathematics, and
the experience of time.

JUSTIN RIDDLE
University of North Carolina

Justin Riddle is a cognitive neuroscientist at the University of
North Carolina at Chapel Hill where he investigates how low-
frequency neural oscillations contribute to human cognition.
He uses electric and magnetic stimulation concurrent with
electrophysiology and fMRI to probe the causal role of
neural activity in specific cognitive processes and how these
network oscillations become impaired in psychiatric illness.
Justin taught a course on Quantum Consciousness at UC
Berkeley and now runs a podcast on the topic that can be found on YouTube.

JOHANNES KLEINER
Ludwig Maximilian University of Munich

Johannes Kleiner is a physicist and mathematician whose
research focuses on formal theories of consciousness, the
calculus of variations, mathematical physics, foundations of
physics and unified physical theories. He is currently based at
the Munich Center for Mathematical Philosophy (MCMP) and
the LMU Graduate School of Systemic Neurosciences and is
a visiting researcher at the Mathematical Institute of Oxford
University. Prior to joining the MCMP, he was a postdoc at the
Institute for Theoretical Physics of Leibniz University of Hanover. Previously, he
has completed a Ph.D. in mathematics at the University of Regensburg, awarded
summa cum laude. He was a visiting scholar at the Department of Computer
Science of Oxford University, the Harvard Center of Mathematical Sciences and
Applications and the Centre de Physique Théorique of Aix-Marseille Université.
Johannes is a member of the Foundational Questions Institute and of the
German Physical Society, and a co-founder of the Basic Research Community
for Physics and the Association for Mathematical Consciousness Science.
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KELVIN J. MCQUEEN
Chapman University

Kelvin McQueen is an Assistant Professor of Philosophy
and affiliate of the Institute for Quantum Studies at
Chapman University. He is a philosopher of science whose
interdisciplinary research focuses on the neuroscience of
consciousness and the foundations of quantum physics.
His current projects in the neuroscience of consciousness
include experimentally testing the integrated information
theory (IIT) using filled/non-filled pairs; extending IIT to quantum mechanics to
render the consciousness-causes-collapse hypothesis testable; and libertarian
accounts of free will. His current projects in the foundations of quantum
mechanics include extending the class of dynamical collapse theories; clarifying
the status of probability and locality in many worlds theories; and extending
Bell’'s theorem beyond quantum theory.

Break

Lunch on own

SESSION 2 - WORKSHOP 5
MONDAY AFTERNOON, APRIL 18, 2022
2:00 PM - 6:00 PM - Grand Ballroom B

EMBEDDED INTELLIGENCE

Embedded Intelligence (El) is defined as the ability of a Thing to sense,
processed what is sensed both of itself and others, communicate internally
and externally and actuate (SPCA), doing something with the Thing’s El. This is
explained within the context of manmade Embedded Intelligence Technology
(EIT) aka Al that is then translated to all Things in the infinitely large and infinitely
long lasting period of time the universe has and will remain in existence as
described in The Theory of Embedded Intelligence (El) (The Theory). This
workshop with panel discussion will explore the concepts of The Theory to
better understand and explain humanity’s individual selves and position in
specific and global consciousness, awareness and understanding of oneself
and the world in which we live.
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BILL MENSCH
Western Design Center

Mr. Bill Mensch will introduce the Embedded Intelligence
Workshop and panel as one of 250 recognized leaders over
a 500 year period as listed in Leaders of the Information Age,
holder of twenty two (22) patents on Embedded Intelligence
Technology (EIT) in the form of Motorola 68xx Microprocessor
(MPU) Integrated Circuits (IC), MOS Technology 65xx MPU

ICs and The Western Design Center, Inc. (WDC) 65xx 8- and
16-bit MPU Family of ICs and supporting business models and technologies.

Bill Mensch is considered a pioneer in information technology (IT),
microprocessor Intellectual Property (IP) business model and pioneer of the
fabless semiconductor business model for microprocessors for which ARM
was inspired in 1983 during a visit to WDC’s offices in Mesa, Arizona. It is from
his fifty (50) years and ongoing career in EIT that Mr. Mensch proposes The
Theory for a continuum of intelligences for every non-living and living Thing in
the Universe, from lowly quantum units of the energies to the Universe itself.
He received his BSEE from The UArizona in 1971 and received the Lifetime
Achievement Award from UArizona in 2005. Bill Mensch will explain his thinking
and plans for The Bill and Dianne Mensch Foundation, Inc. an Arizona 501c3
not-for-profit education foundation plans for perpetual support of ongoing
learning and innovative doing with the concepts in The Theory for the Colleges
of Engineering, Barrett, The Honors College and W. A. Franke Honors College.
Mr. Mensch will explain plans for Mensch Prizes in Engineering Multidisciplinary
Design and Honors Thesis scholarship.

ANDREW MAYNARD
Arizona State University

Dr. Maynard will explore the value of The Theory in The
Future of Innovation in Society and Global Futures research
and teaching. Aligned with this perspective, Dr. Maynard will
explore the concepts associated with injecting mythologies
and false information in the individual and collective
consciousness of a democratic system of governance.

Andrew Maynard is Associate Dean of Curricula and Student
Success for the College of Global Futures and Professor in the School for the
Future of Innovation in Society at Arizona State University, and director of the
Risk Innovation Lab — a unique center focused on transforming how we think
about and act on risk, in the pursuit of increasing and maintaining “value”.
He was previously Chair of the Environmental Health Sciences Department
in the University of Michigan School of Public Health. Maynard’s research
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and professional activities focus on risk innovation, and the responsible
development and use of emerging technologies, including nanotechnology and
synthetic biology. He is widely published, has testified before congressional
committees, has served on National Academy panels and is co-chair of the
World Economic Forum Global Agenda Council on Nanotechnology. He also
writes a regular column for the journal Nature Nanotechnology, and the news
website The Conversation. Courses taught by Maynard have included risk
assessment, risk innovation, science communication, environmental health
policy, and entrepreneurial ethics. He also lectures widely on technology
innovation and responsible development. Maynard a well-known science
communicator and works closely with and through conventional and new media
to connect with audiences around the world on technology innovation and the
science or risk. He is the creator of the YouTube channel Risk Bites, and blogs at
http://2020science.org. His Twitter handle is @2020science.

TED HUMPHREY
Arizona State University

Dr. Humphrey will explore the value of The Theory and the
concepts as described by Dr. Maynard for a human bounded
infinity in philosophy.

Ted Humphrey is an Emeritus Professor at Arizona State
University. He retired in May 2015. He was affiliated with
Barrett, the Honors College at ASU as President’s Professor
and Barrett Professor, the Lincoln Center as a Lincoln
Professor of Ethics and Latin American Intellectual History, and the School

of Historical, Philosophical and Religious Studies as professor of philosophy.
Professor Humphrey chaired ASU's Philosophy Department from 1974 to 1983,
during which time he was responsible for appointing several now internationally
eminent philosophers, including Jeffrie G. Murphy, Jane Maienschein, J. Richard
Creath and Michael J. White. From 1983 he directed ASU's Honors Program,
guiding it to collegiate status, becoming the founding dean of the Barrett, the
Honors College in 1988, a position he held until 2003. He is past president

of the National Collegiate Honors Council. Professor Humphrey is a member

of Arizona State University's Distinguished Teaching Academy. Numerous
organizations have awarded him their highest honors for teaching excellence,
and the Arizona Repubilic cited him as a force for excellent undergraduate
education in Arizona.

During the 2009-10 academic year, under the auspices of grants from Amazon
and the Office of the Provost at ASU and the support of Hackett Publishing

Co., Inc., Professor Humphrey conducted a pilot program using the Kindle DX
reading device for teaching HON 171-272, The Human Event. The pilot sought to
evaluate the efficiency and effectiveness of providing primary text materials for
use in seminar level humanities courses.
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DANTE LAURETTA
University of Arizona, Lunar & Planetary Laboratory

Regents Professor, Planetary Science and Cosmochemistry «
University of Arizona Lunar & Planetary Laboratory

Dr. Lauretta will explore the value of The Theory as a platform
for understanding the infinite and continuum of possible
outcomes for his work and teaching of the Origins of Life
from a planetary perspective.

Dante Lauretta is principal investigator of the OSIRIS-REx mission and a regents
professor of planetary science at the University of Arizona’s Lunar and Planetary
Laboratory. His research interests focus on the chemistry and mineralogy of
asteroids and comets, and he is an expert in the analysis of extraterrestrial
materials, including asteroid samples, mete-orites and comet particles.

Dr. Lauretta fosters the advancement of the next generation of scientists,
engineers, and other space leaders through mentorship and taught coursework
which apply his expertise in planetary science and spacecraft mission design &
implementation. Dr. Lauretta heads the OSIRIS-REx research team at UArizona
working on this mission, which has included more than 100 undergraduate and
graduate students. This project will help ensure that the University of Arizona
remains at the forefront of planetary exploration for the next decade.

STUART HAMEROFF
University of Arizona, College of Medicine, Anesthesiology
and Psychology, Center for Consciousness Studies, SBS

Dr. Hameroff will discuss the Orch OR theory, information
processing and memory in intra-neuronal microtubules in
relation to the theory of Embedded Intelligence

Stuart Hameroff MD is a clinical anesthesiologist and
researcher on how the brain produces consciousness, and
how anesthetics act to erase it. In medical school in the
early 1970s, Hameroff became interested in consciousness, and in protein
structures called microtubules inside brain neurons which he came to believe
processed information supporting consciousness. In the mid- 1990s he teamed
with Sir Roger Penrose to develop the controversial ‘Orch OR’ theory in which
consciousness derives from “orchestrated” (“Orch”) microtubule quantum
vibrations linked to processes in spacetime geometry, the fine scale structure
of the universe, leading to “Penrose objective reduction” (“OR”, hence “Orch
OR”). And he has further proposed the ‘microtubule quantum vibration’ theory
of anesthetic action. Hameroff organizes the well-known conference series
‘The Science of Consciousness’, has written or edited 5 books and over a
hundred scientific articles, and appeared in films and various TV shows about
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consciousness. With University of Arizona colleagues Jay Sanguinetti, John

JB Allen and Shinzen Young, Hameroff is developing transcranial ultrasound
(‘TUS’) for treatment of mental and cognitive dysfunction (TUS may resonate
endogenous megahertz vibrations in brain microtubules). Penrose- Hameroff
Orch OR is one of a group of major theories of consciousness in the Templeton
World Charity Foundation project ‘Accelerating Research on Consciousness’ and
is currently being tested experimentally.

SESSION 2 - WORKSHOP 6

MONDAY AFTERNOON, APRIL 18, 2022
2:00 PM - 6:00 PM — GRAND BALLROOM C

CONSCIOUSNESS AND NON-LOCALITY

STEPHAN A. SCHWARTZ
Saybrook University; BIAL Foundation Fellow

Stephan A. Schwartz is a Distinguished Consulting Faculty

of Saybrook University, and a BIAL fellow. He is an award
winning author of both fiction and non-fiction, columnist for
the journal Explore, and editor of the daily web publication
Schwartzreport.net in both of which he covers trends

that are affecting the future. He also writes regularly for

The Huffington Post. His other academic and research
appointments include: Senior Samueli Fellow for Brain, Mind and Healing of

the Samueli Institute; founder and Research Director of the Mobius laboratory;
Director of Research of the Rhine Research Center; and Senior Fellow of The
Philosophical Research Society. Government appointments include: Special
Assistant for Research and Analysis to the Chief of Naval Operations, consultant
to the Oceanographer of the Navy. He has also been editorial staff member

of National Geographic, Associate Editor of Sea Power. And staff reporter and
feature writer for The Daily Press and The Times Herald. For 40 years he has
been studying the nature of consciousness, particularly that aspect independent
of space and time. Schwartz is part of the small group that founded modern
Remote Viewing research, and is the principal researcher studying the use

of Remote Viewing in archaeology. Using Remote Viewing he discovered
Cleopatra's Palace, Marc Antony's Timonium, ruins of the Lighthouse of Pharos,
and sunken ships along the California coast, and in the Bahamas. He also uses
remote viewing to examine the future. Since 1978, he has been getting people
to remote view the year 2050, and out of that has come a complex trend
analysis. His submarine experiment, Deep Quest, using Remote Viewing helped
determine that nonlocal consciousness is not an electromagnetic phenomenon.
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JEFFREY MISHLOVE
Author; Host and Producer at New Thinking Allowed and
CEO, Insight Associates, Inc.

Jeffrey Mishlove is an American licensed clinical psychologist,
author, and radio and television interviewer. Between

1986 and 2002, Mishlove hosted and co-produced the
American public television series, Thinking Allowed. As of
2015, Mishlove hosts the YouTube channel New Thinking
Allowed, conducting interviews related to parapsychology
and consciousness studies. Other publications include The PK Man, Psi
Development Systems and The Roots of Consciousness. He is past director of
Association for Humanistic Psychology.

JULIA MOSSBRIDGE
University of San Diego, IONS, TILT

Dr. Mossbridge’s current interest is in the science underlying
the physical and psychological applications of informational
time travel: receiving information in the present about events
that have not yet occurred, and potentially influencing
events in the past. She is an affiliate professor in the Dept.
of Biophysics and Physics at University of San Diego, a
fellow at the Institute of Noetic Sciences, and the co-founder
and executive director of the nonprofit TILT: The Institute for Love and Time,
which currently receives funding from the Bial Foundation (currently grant
369/20) and the Robert Wood Johnson Foundation. An author and co-author
of multiple books related to this topic, notably Bial she is the co-author with
Imants Baruss of Transcendent mind: Rethinking the science of consciousness
(2017), one of the few of the American Psychological Association’s textbooks to
include evidence-based discussion about the human abilities of precognition
and telepathy. Dr. Mossbridge also invented and patented Choice Compass,

a physiologically based decision-making app, and was the project lead for

and creator of the Loving Al project with Hanson Robotics’ humanoid robot,
Sophia. She completed her Ph.D. in Communication Sciences and Disorders
and her postdoc in Psychology at Northwestern University, her MA degree

in Neuroscience is from UC San Francisco, and was awarded her BA in
Neuroscience with highest honors from Oberlin College.
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DEAN RADIN
Institute of Noetic Sciences

Dean Radin, MS, Ph.D., is Chief Scientist at the Institute

of Noetic Science (IONS) and Associated Distinguished
Professor of Integral and Transpersonal Psychology at the
California Institute of Integral Studies (CIIS). His original career
track as a concert violinist shifted into science after earning a
BSEE degree in electrical engineering, magna cum laude and
with honors in physics, from the University of Massachusetts,
Ambherst, and then an MS in electrical engineering and a Ph.D. in psychology
from the University of lllinois, Urbana-Champaign. For a decade he worked on
advanced R&D at AT&T Bell Laboratories and GTE Laboratories. For over three
decades he has been engaged in research on the frontiers of consciousness.
Before joining the research staff at IONS in 2001, he held appointments at
Princeton University, SRI International, and other academic and industrial
facilities.

SESSION 2 - WORKSHOP 7
MONDAY AFTERNOON, APRIL 18, 2022
2:00 PM - 6:00 PM — Kiva Ballroom

PLANTS AND CONSCIOUSNESS

M. BRUCE MACIVER
Stanford University

Professor Maclver explores the molecular and cellular
mechanisms of sedatives and anesthetics and how these
drugs alter higher nervous system functions to produce

loss of consciousness. He was trained in neuroscience and
pharmacology at the University of Calgary and began his
career at Stanford over thirty years ago and has directed the
Stanford Neuropharmacology Laboratory since then. Current
research is directed at the development of safer and more effect anesthetics
using state-of-the-art electrophysiological approaches using in vitro brain

slice preparations and freely moving animal models. He is also using newly
developed EEG analysis techniques in animals and human subjects to quantify
brain states associated with the loss and recovery of consciousness.
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DEEPAK CHOPRA
Chopra Foundation and Chopra Global

DEEPAK CHOPRA™ MD, FACP, founder of The Chopra
Foundation, a non-profit entity for research on well-being and
humanitarianism, and Chopra Global, a modern-day health
company at the intersection of science and spirituality, is a
world-renowned pioneer in integrative medicine and personal
transformation. Chopra is an Adjunct Professor of Urology at
Mount Sinai, Professor of Internal Medicine at University of
Central Florida, Clinical Professor of Family Medicine and Public Health at the
University of California, San Diego and serves as a senior scientist with Gallup
Organization. He is the author of over 90 books translated into over forty-three
languages, including numerous New York Times bestsellers. His latest book,
Abundance — The Inner Path to Wealth unlocks how you can cultivate a sense
of abundance in times of fear and insecurity and will be available on March 1,
2022. TIME magazine has described Dr. Chopra as “one of the top 100 heroes
and icons of the century.” www.deepakchopra.com

RAINISH KHANNA
I-Cultiver

A plant photobiologist, Rajnish is examining how informational
light signal is perceived and translated by organisms into
biological responsivity and could these basic molecular

and biochemical mechanisms help us better understand

the hidden reality of consciousness and its relationship

to the universe. Occupationally, Rajnish is the founder of
i-Cultiver, Inc. A strategic biotechnology consultant, plant

and soil health scientist applying multidisciplinary approaches for research

and development. Known for empowering the industry through strategic
partnerships and leveraging advanced technologies to increase product impact,
governmental regulatory process and marketing support. Rajnish obtained his
doctorate in Plant Molecular Biology at Purdue University, he is well published.
Rajnish has served as a lead scientist in biotechnology industry and has worked
at the University of California, Berkeley and Carnegie Institution for Science at
Stanford University.
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DENNIS MCKENNA
President, Principal Founder, Heffter Research Institute

Dennis McKenna has conducted research in
ethnopharmacology for over 40 years. He is a founding

board member of the Heffter Research Institute, and was a
key investigator on the Hoasca Project, the first biomedical
investigation of ayahuasca. He is the younger brother of
Terence McKenna. From 2000 to 2017, he taught courses on
Ethnopharmacology and Plants in Human affairs as an adjunct
Assistant Professor in the Center for Spirituality and Healing at the University of
Minnesota. He emigrated to Canada in the spring of 2019 together with his wife
Sheila, and now resides in Abbotsford.

Since 2019, he has been working with colleagues to manifest a long-term
dream: the McKenna Academy of Natural Philosophy, a non-profit organization
founded in the spirit of the ancient Mystery Schools and dedicated to the

study of plant medicines, consciousness, intelligence in nature, preservation of
indigenous knowledge and a re-visioning of humanity's relationship with Nature.
Dr. McKenna is author or co-author of 6 books and over 50 scientific papers in
peer-reviewed journals.

SESSION 2 - WORKSHOP 8

MONDAY AFTERNOON, APRIL 18, 2022
2:00 PM - 6:00 PM - Grand Ballroom A

The Science of Contemplative Experience

MATTHEW SACCHET
Harvard University

Dr. Matthew D. Sacchet, Ph.D., is an Assistant Professor at Harvard Medical
School and the Director of Meditation Research within the CDASR at McLean
Hospital. Dr. Sacchet and his team, the Meditation Research Group, advance the
science meditation. Since 2012, Dr. Sacchet has authored over 75 publications
and his research has been presented over 125 times and cited over 3500 times.
Dr. Sacchet has been awarded funding from the National Science Foundation
(NSF), National Institute of Mental Health (NIMH), National Center for Advancing
Translational Sciences (NCATS), Ad Astra Chandaria Foundation, Phyllis &
Jerome Lyle Rappaport Foundation, Brain & Behavior Research Foundation
(BBRF), BIAL Foundation, Gatto Foundation, and The Ride for Mental Health.

His research has received coverage by major media outlets including CBS,
NBC, NPR, TIME, and The Wall Street Journal, and in 2017 Forbes Magazine
named him as one of its “30 Under 30”. The Meditation Research Group uses

a multidisciplinary approach to advance our understanding of meditation in
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both clinical and non-clinical contexts. The Group’s studies span and integrate
affective and cognitive neuroscience, clinical psychology and psychiatry,
computer science and related computational disciplines, contemplative and
religious studies, neuro- and micro-phenomenology, human neuroimaging, and
psychoneuroimmunology including epigenetics and stress physiology. Current
projects include (1) mechanism-focused clinical trials of mindfulness meditation
training for mood and anxiety disorders that will help to clarify “why” and “for
who” meditation training is helpful; and (2) studies of meditative development
and advanced meditation that promise to inform a more comprehensive
understanding of the course and trajectory of meditation training. Together this
research promises to contribute to reducing suffering and improving well-being
by informing the development of improved meditation training and meditation-
based interventions that are more effective, efficient, and targeted. https://www.
linkedin.com/in/matthew-sacchet

DANIEL INGRAM
Emergent Phenomenology Research Consortium, EPRC

Daniel is an advanced meditator and controversially a self-described Arahant,
one who has become fully "enlightened" in Buddhist terms. He holds an MD,
MSPH in Epidemiology, and BA in English Literature all from UNC Chapel

Hill. Daniel wrote Mastering the Core Teachings of the Buddha: An Unusually
Hardcore Dharma Book, widely regarded as one of the most complete
meditation books ever written. In this book, Daniel lays out in very rational terms
the exact series of steps that can lead to the profound transformations that

he has attained. He also criticizes current western meditation as often “hiding
the ball” about awakening and being too caught up in psychological material,
rather than practical training. An emergency room physician, Daniel co-founded
the Practical Dharma Movement, with the objective of “stripping away dogma
and unhelpful taboos, having people share with others in ways that are down-
to-earth, helpful, and pragmatic, and the vision that it can be done, rather

than a dharma world that is mysterious, artificially hierarchical, dogmatic, and
secretive.” https://www.fitmind.co/podcast-collection/daniel-ingram-meditation-
interview

JULIETA GALANTE
Cambridge University

Dr Julieta Galante is an NIHR Postdoctoral Fellow at the Department of
Psychiatry, a Research Associate at the Centre of Latin American Studies, and
a member of the Public Health at Cambridge Strategic Research Initiative.

Julieta is a qualified medical doctor specialized in public mental health research.

Her interests lie on mental health promotion and the effects of lifestyle on
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health. Her main focus has been studying the effects of meditation on mental
health, which recently involved a randomized controlled trial of a pilot scheme
to provide mindfulness courses to students at the University of Cambridge.
Currently, her main project is an individual participant data meta-analysis of
mindfulness-based interventions for mental health promotion. She is also
involved in projects to measure and improve the mental health of vulnerable
populations in Latin America. Julieta’s expertise on randomized controlled trials,
mixed-methods research, and meta-analyses can positively impact the lives of
the world’s poorest 3 billion people. She is also passionate about open science
and participatory action research involving stakeholders. Julieta’s personal
motivation to contribute to the Sustainable Development Goals through her
participation in Cambridge Global Challenges stems from experiences in her
native Argentina. https://www.gci.cam.ac.uk/people/members/dr-julieta-galante

JAY SANGUINETTI
University of Arizona

Dr. Jay Sanguinetti is an Adjunct Professor at the University of Arizona and a
Research Assistant Professor at the University of New Mexico. His training was
in philosophy, neuroscience, and cognitive psychology, and his dissertation
investigated the neural processes of conscious and unconscious visual
perception. Dr. Sanguinetti specializes in psychophysiological measures (EEG,
fMRI, eye-tracking) of visual perception, emotion, and mindfulness meditation.
His team investigates novel forms of brain stimulation, including the use of
ultrasound and light-based stimulation to enhance memory, perception, and
well-being. Dr. Sanguinetti has published widely, from topics on the neural
basis of vision and the temporal dynamics of perception to understanding
how the brain changes in Parkinson’s disease and schizophrenia. His current
interests include using noninvasive brain stimulation to enhance cognition
and well-being. Jay is presently investigating whether focused ultrasound
neuromodulation can augment mindfulness practice in collaboration with
Shinzen Young. They recently launched the Sonication Enhanced Mindful
Awareness (SEMA) lab at the University of Arizona in collaboration with the
Center for Consciousness Studies. The SEMA lab is developing accelerated
mindfulness protocols for therapeutic interventions to treat addiction, chronic
pain, and depression. Dr. Sanguinetti is the Assistant Director for the Center
for Consciousness Studies, which runs the largest international conference on
consciousness studies.
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SESSION 3 - WORKSHOP 9

MONDAY EVENING, APRIL 18, 2022
Time: 7:00 PM — 9:30 PM - Grand Ballroom B

NEUROSPIRITUALITY

MICHAEL FERGUSON
Harvard Medical School

Dr. Michael Ferguson, Ph.D., (a.k.a., NeuroMichael) is a Harvard and Cornell-
trained neuroscientist and an academic pioneer in the emerging fields of
neurospirituality and spiritual therapeutics. Dr. Ferguson is an Instructor in
Neurology at Harvard Medical School and a Lecturer at Harvard Divinity
School. Prior to this he was a Course Instructor in Human Development at
Cornell University. Dr. Ferguson is preparing to launch the new Laboratory for
Neurospirituality in tandem with the Center for Brain Circuit Therapeutics in
Boston. He is also organizing a Spiritual Therapeutics medical science research
program at Brigham and Women'’s Hospital, a teaching hospital for Harvard
Medical School. In Fall semester 2021, Dr. Ferguson will be introducing a new
course at Harvard titled Neurospirituality. https://neuromichael.com/about/

JANAE NELSON
Brigham Young University (R)

Jenae Nelson received a Ph.D. in Developmental Psychology from Brigham
Young University. Nelson uses diverse methodological approaches to study
the development of transcendence, virtues, religiosity, and compassion in
adolescence and emerging adulthood. Specifically, she is interested in the
contributions of unitive consciousness, spiritual perception, God proximity, and
sacred rituals in psychosocial maturation.

DAVID YADEN Ph.D.
Ph.D. Johns Hopkins University

David B. Yaden, Ph.D., studies the measurement and experimental manipulation
of mental states called altered states of consciousness. These mental states
are often among the most transformative and meaningful moments in people’s
lives, yet little is known about how they are triggered, the neurophysiological
processes that underlie them, or how they impact the beliefs and behavior of
those who have them. His research is currently focused on the therapeutic
potential of psychedelic substances for mood and substance use disorders. His
scientific research and scholarly writing generally aim to provide a quantitative
and empirical 21st-century update to William James’s classic book on the topic,
The Varieties of Religious Experience, using: 1) psychometric instruments,
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2) computational linguistic analysis, 3) neuroimaging, 4) non-invasive brain
stimulation, and 5) psychopharmacology. Psychopharmacologist Roland R.
Griffiths, Ph.D. is his current Postdoctoral advisor. He previously studied with
neuroscientist Andrew B. Newberg, MD and completed his doctoral training with
psychologist Martin E. P. Seligman, Ph.D. at the University of Pennsylvania. He
has authored over 40 scientific and scholarly publications and edited two books
that provide a scientific perspective on practices and experiences traditionally
associated with religion/spirituality: Rituals and Practices in World Religions and
Being Called. His research has been covered by The New York Times, The Wall
Street Journal, The Washington Post, New York Magazine, Scientific American,
CNN, BBC, and NPR. https://hopkinspsychedelic.org/yaden

RICK STRASSMAN
University of New Mexico

At UNM, Dr. Strassman performed clinical research investigating the function

of the pineal hormone melatonin in which his research group documented

the first known role of melatonin in humans. He also began the first new US
government approved clinical research with psychedelic drugs in over twenty
years, focusing on DMT and to a lesser extent, psilocybin. He received grant
support from the National Institutes of Health’s National Institute on Drug
Abuse, as well as from the Scottish Rite Foundation for Schizophrenia Research.
Before leaving the University in 1995, he attained the rank of tenured Associate
Professor of Psychiatry and was awarded the UNM General Clinical Research
Center’s Research Scientist Award. In 1984, he received lay ordination in a
Western Buddhist order, and co-founded, and for several years administered,

a lay Buddhist meditation group associated with the same order. Dr. Strassman
underwent a four-year personal psychoanalysis in New Mexico between 1986
and 1990. From 1996 to 2000, while living in the Pacific Northwest of the United
States, Dr. Strassman worked in community mental health centers in Washington
State in Bellingham and Port Townsend. For the next four years, he had a solo
private practice in Taos, New Mexico. After two years working near the Navajo
Nation in Gallup NM, he returned to northern New Mexico in 2006, where he
provided psychiatric services at a mental health center in Espanola. Since mid-
2008, he has been writing full-time. Dr. Strassman’s “DMT: The Spirit Molecule,”
an account of his DMT and psilocybin studies, has sold a quarter-million copies
as of mid-2021, and been translated into over a dozen languages, including
Mandarin. He co-produced an independent documentary by the same name,
which was the most-streamed independent drug documentary on Netflix. He
also is the author of “DMT and the Soul of Prophecy,” “Joseph Levy Escapes
Death,” and a co-author of “Inner Paths to Outer Space.” He has published

over 40 peer-reviewed scientific papers and has served as a reviewer for 20
psychiatric research journals. He has been a consultant to the US Food and
Drug Administration, National Institute on Drug Abuse, Veteran’s Administration
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Hospitals, Social Security Administration, and other state and local agencies.
He has provided consultation to many of the psychedelic startups that began
appearing in 2020, including Atai, MindMed, and The Noetic Fund. He is on the
Scientific Advisory Boards for Alexander Shulgin Research Institute and Ninnion
Therapeutics. He currently is Clinical Associate Professor of Psychiatry at the
University of New Mexico School of Medicine and lives in Gallup, New Mexico.
https://www.rickstrassman.com/biography/

TUESDAY EVENING DIALOGUE

APRIL 19, 2022 9:00 PM - KIVA BALLROOM

MYSTERY OF EXISTENCE. WHY IS THERE SENTIENCE?

A DIALOGUE BETWEEN SUE BLACKMORE AND DEEPAK CHOPRA”.

SUE BLACKMORE
University of Plymouth UK

Sue Blackmore is a psychologist, lecturer and writer
researching consciousness, memes, and anomalous
experiences, and a Visiting Professor at the University of
Plymouth. She is a TED lecturer, blogs for the Guardian, and
often appears on radio and television. The Meme Machine
(1999) has been translated into 16 other languages; more recent
books include Conversations on Consciousness (2005), Zen
and the Art of Consciousness (2011), Seeing Myself: The new science of out-of-
body experiences (2017) and a textbook Consciousness:An Introduction (3rd Ed
2018).

DEEPAK CHOPRA" MD, FACP
Chopra Foundation and Chopra Global

Founder of The Chopra Foundation, a non-profit entity for
research on well-being and humanitarianism, and Chopra
Global, a modern-day health company at the intersection

of science and spirituality, is a world-renowned pioneer in
integrative medicine and personal transformation. Chopra

is an Adjunct Professor of Urology at Mount Sinai, Professor

of Internal Medicine at University of Central Florida, Clinical
Professor of Family Medicine and Public Health at the University of California, San
Diego and serves as a senior scientist with Gallup Organization. He is the author of
over 90 books translated into over forty-three languages, including numerous New
York Times bestsellers. His latest book, Abundance — The Inner Path to Wealth
unlocks how you can cultivate a sense of abundance in times of fear and insecurity
and will be available on March 1, 2022. TIME magazine has described Dr. Chopra
as “one of the top 100 heroes and icons of the century.” www.deepakchopra.com
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TAXONOMY 2022

PHILOSOPHY
01.01....... The concept of consciousness

01.02...... Materialism and dualism

01.03...... Panpsychism and cosmopsychism

01.04 ...... Ontology of consciousness

01.05...... Qualia

01.06....... Machine consciousness

01.07....... Mental causation and the function of consciousness
01.08...... The "hard problem" and the explanatory gap
01.09...... Philosophical theories of consciousness
01.10........ Epistemology and philosophy of science
o1Mn......... Personal identity and the self

0112........ Free will and agency

0113........ Intentionality and representation

0114........ Philosophy of perception

0115........ Neutral monism and idealism

o16........ Miscellaneous

NEUROSCIENCE
02.01...... Neural correlates of consciousness (general)

02.02..... Methodologies (fMRI, EEG etc.)

02.03..... Neuroscience of vision

02.04 ..... Other sensory modalities

02.05..... Motor control

02.06..... Memory and learning

02.07 ..... Blindsight

02.08...... Neurology, neuropsychology and neuropathology
02.09..... Coma and vegetative states

0210....... Anesthesia

o2M....... Cellular and sub-neural processes
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0212....... Quantum brain biology

0213....... Brain networks, synchrony and scale
0214....... Emotion

0215....... Sleep and waking

0216....... Brain stimulation techniques

0217....... Specific brain areas

0218....... Neurolinguistics

0219....... Psychedelics and psychopharmacology
02.20..... Neurobiological theories of consciousness
02.21...... Pharmacology and psychopharmacology

02.22.... Miscellaneous

COGNITIVE SCIENCE AND PSYCHOLOGY
03.01...... Attention

03.02..... Vision

03.03...... Other sensory modalities

03.04 ..... Memory, learning and synaptic plasticity
03.05..... Emotion

03.06...... Language

03.07...... Mental imagery

03.08...... Implicit and explicit processes
03.09...... Unconscious/conscious processes
0310....... Sleep and dreaming

031........ Cognitive development

0312....... Artificial intelligence and robotics
0313....... Neural networks and connectionism
0314....... Cognitive architectures

0315....... Ethology

0316....... Self-consciousness and metacognition
0317....... Temporal consciousness

0318....... Intelligence and creativity

0319....... Cognitive theories of consciousness

03.20...... Miscellaneous
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PHYSICAL AND BIOLOGICAL SCIENCES
04.01...... Quantum physics, collapse and the measurement problem

04.02..... Quantum field approaches

04.03...... Space, time and the nature of reality

04.04 ..... Cosmology and integrative models

04.05..... Emergence, nonlinear dynamics and complexity
04.06 ..... Hierarchies, scale-invariance and 1/f systems
04.07...... Logic and computational theory

04.08..... Quantum brain biology

04.09...... Biophysics and coherence

04.10....... Origin and nature of life

04Mm....... Consciousness and evolution

0412....... Medicine and healing

0413....... Brain stimulation techniques

0414....... Quantum theories of consciousness
0415....... Photons and entanglement in the brain

0416....... Miscellaneous

EXPERIENTIAL APPROACHES
05.01...... Phenomenology

05.02..... Meditation and mindfulness

05.03...... Hypnosis

05.04 ..... Psychedelic and other altered states of consciousness
05.05...... Transpersonal and humanistic psychology

05.06...... Psychoanalysis and psychotherapy

05.07 ..... Lucid dreaming

05.08...... Near-death and anomalous experiences

05.09..... Parapsychology

05.10....... Contemplation and mysticism

05M1........ Virtual reality

0512..... Miscellaneous
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CULTURE AND HUMANITIES
06.01...... Literature and hermeneutics

06.02..... Aesthetics

06.03...... Music

06.04 ..... Religion and spirituality
06.05...... Mythology

06.06...... Sociology

06.07 ..... Anthropology
06.08..... Information technology
06.09...... Ethics and legal studies
06.10....... Education

0611........ Entertainment
06.12....... Visual Art Forms
0613....... Poetry

06.14....... Dance

06.15....... Miscellaneous

© The Science of Consciousness Conference
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ABSTRACTS BY SESSION

INDEX TO PLENARY SESSIONS

Plenary
Concurrent
Posters

TAXONOMY 2022

1.0 Philosophy

2.0 Neuroscience

3.0 Cog Sci-Psychology

4.0 Physical & Biological Sciences
5.0 Experiential Approaches

6.0 Culture & Humanities

PLENARY & KEYNOTE SESSION ABSTRACTS

PLENARY Section: 1- SLEEP, WAKEFULNESS & ANESTHESIA
Name: Giancarlo Vanini

Email: gvanini@umich.edu

Organization: University of Michigan, Department of Anesthesiology
Primary Topic: [02.10]........ Anesthesia

Abstract Title: Preoptic Hypothalamic Mechanisms Controlling Sleep-Wake
States Do Not Influence the Loss and Recovery of Consciousness Associated
with Isoflurane Anesthesia

Abstract: Despite 175 years of continuous clinical use of general anesthetics,
the precise mechanisms by which these drugs reversibly suppress
consciousness remain unknown. One long-standing hypothesis in the field,
which is largely supported by ample correlative evidence, is that anesthetics
co-opt the brain circuits that regulate sleep. First, | will review evidence from
several independent studies, including ours (Vanini et al., Curr Biol 2020;
PMID:32084397), demonstrating that the preoptic area of the hypothalamus
is a key component of the brain circuitry that controls sleep onset and sleep
homeostasis. Additionally, | will present our recent work challenging the long-
standing notion in sleep neurobiology that the preoptic area is exclusively
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somnogenic (Mondino et al., J Neurosci 2021; PMID: 33664133). In this study, we
demonstrated that stimulation of a subset of glutamatergic neurons within the
ventral-lateral portion of the preoptic area promote wakefulness, fragment sleep,
suppress rapid eye movement sleep, and produce a shift in cortical rhythms

and dynamics during sleep akin to a wake-like state (i.e., a “lighter” sleep).

Last, | will discuss our study testing the hypothesis that selective activation of
discrete neuronal subpopulations within the median preoptic nucleus (MnPO)
and ventrolateral preoptic nucleus (VLPO) of the hypothalamus would modulate
sleep/wake states and alter anesthetic induction and recovery time (Vanini et al.,
Curr Biol 2020; PMID:32084397). We showed that activating sleep-promoting
(GABAergic, MnPO) and wake-promoting (glutamatergic, VLPO) neurons in the
preoptic hypothalamus altered sleep-wake architecture but did not influence
anesthetic state transitions. Collectively, our results suggest that the correlative
evidence for a mechanistic overlap between sleep and anesthesia might not
necessarily have strong causal significance.

PLENARY Section: 1- SLEEP, WAKEFULNESS & ANESTHESIA
Name: Matthew Larkum

Email: matthew.larkum@gmail.com

Organization: Humboldt University

Primary Topic: [02.10]........ Anesthesia

PLENARY Section: 1- SLEEP, WAKEFULNESS & ANESTHESIA
Name: Alexander Proekt
Email: proekta@uphs.upenn.edu

Organization: University of Pennsylvania, Associate Professor of Anesthesiology
& Critical Care

Primary Topic: [02.10]........ Anesthesia

Abstract: The scientific inquiry into mechanisms through which anesthetics act
to induce a reversible state of unconsciousness are inextricably linked to the
study of consciousness per se. Anesthetic mechanisms can be addressed at a
number of levels from detailed understanding of molecular interactions between
receptors and anesthetic compounds to their effects on individual neurons

and neuronal circuits. In this talk, | will address mechanisms of anesthesia at a
more macroscopic level, that of global brain dynamics. Consciousness emerges
as a consequence of complex bidirectional interactions between the brain

and the environment. At this level, the effect of anesthetics can be broadly
conceptualized as decoupling the brain from the environment. In this talk, | will
first offer a hypothesis that in order to enable the complex and flexible coupling
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between the brain and the environment, brain dynamics must be critical and
provide some experimental support for this hypothesis using spontaneous brain
activity in humans and nonhuman primates. | will then discuss our recent results
on effects of mechanistically distinct anesthetics on macroscopic brain dynamics
evoked by simple visual stimuli in the mouse cortex.

KEYNOTE 1 (Plenary 2): BRAIN & CONSCIOUSNESS
Name: Christof Koch, Ph.D.
Email: christofk@alleninstitute.org

Organization: Chief Scientist and President, Allen Institute for Brain Science,
Seattle, Washington and Chief Scientist of the MindScope Program.

Primary Topic: [02.19]........ Psychedelics and psychopharmacology
Abstract Title: Brain and Consciousness

Abstract: | will discuss what we can reasonably state about consciousness and
its neuronal footprints in the mammalian brain, in particular the cortex, how to
detect its presence and how psychedelics might affect these footprints

PLENARY Section 3 - BRAIN CONNECTIVITY

Name: Jean-Rémi King

Email: jeanremi.king@gmail.com

Organization: CNRS - Ecole Normale Supérieure de Lyon
Other Authors:

Primary Topic: [0213]........ Brain networks, synchrony and scale
Abstract Title:

Abstract:

PLENARY Section 3: BRAIN CONNECTIVITY

Name: Zirui Huang

Email: huangzu@med.umich.edu

Organization: University of Michigan Medical School

Primary Topic: [02.01]........ Neural correlates of consciousness (general)

Abstract Title: Macroscale brain dynamics, gradients, and the gate to
consciousness

Abstract: Evidence from noninvasive functional neuroimaging studies has
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pointed to two distinct cortical systems that may mediate the ongoing stream

of human consciousness, an internally directed system — default mode network
and an externally directed system — dorsal attention network. During Dr. Huang’s
talk, he will discuss how the two systems unfold over time in the conscious
brain, and how they are disrupted when consciousness is diminished. He will
elaborate the concept of “temporal circuit," which is characterized by a set of
trajectories along which the dynamic brain activity occurs (Huang et al., 2020,
Science Advances). Next, Dr. Huang will present an extended work, in which

the level and content of consciousness were manipulated using independent
task-fMRI protocols. He will show that the anterior insula, situated between
unimodal and transmodal cortical areas along the brain’s primary functional
gradient, regulates the default mode — dorsal attention network transitions,

and gates conscious access of sensory information (Huang et al., 2021, Cell
Reports). Finally, Dr. Huang will talk about the brain’s multidimensional functional
landscape and introduce a common macroscale neurofunctional framework that
can account for both normal and altered states of consciousness.

PLENARY Section 3: BRAIN CONNECTIVITY

Name: Anirban Bandyopadhyay Ph.D.

Email: anirban.bandyo@gmail.com

Organization: National Institute for Materials Science, NIMS, Tsukuba, Japan
Primary Topic: [04.08]........ Quantum brain biology

Abstract Title: Filaments deep inside a neuron membrane is not silent, they fine
tune precise spike time

Abstract: For a century it was believed that everything inside the membrane
remains silent when a nerve spike propagates. Using nanotechnology, a
coaxial probe we measured that filaments contribute to neuron firing, not by
initiating the firing but fine-tuning the spike timing, regulating the ion channel
release. In the microscope the optical circuit that we see is not the true picture
of the neural network, if we use dielectric resonance camera, we would see
a very different picture of the brain circuit. Neural circuit is not a linear circuit
as modelled for a century, on the contrary, it’s a fractal like network where a
scale free symmetry in vibrations of proteins extend to the entire brain body
neural network. 1. Singh, P.; Sahoo, P.; Saxena, K.; Manna, J.S.; Ray, K.; Ghosh,
S.; Bandyopadhyay, A. Cytoskeletal Filaments Deep Inside a Neuron Are

Not Silent: They Regulate the Precise Timing of Nerve Spikes Using a Pair

of Vortices. Symmetry 2021, 13, 821. https://doi.org/10.3390/sym13050821 2.
Pushpendra Singh, Komal Saxena, Pathik Sahoo, Subrata Ghosh, and Anirban
Bandyopadhyay*. Electrophysiology using coaxial atom probe array: Live
imaging reveals hidden circuits of a hippocampal neural network. Journal

of Neurophysiology. Volume 125Issue 6 June 2021, Pages 2107-2116 https://
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doi.org/10.1152/jn.00478.2020 3. Komal Saxena, Pushpendra Singh, Pathik
Sahu, Satyajit Sahu, Subrata Ghosh, Kanad Ray, Daisuke Fujita and Anirban
Bandyopadhyay; Fractal, scale free electromagnetic resonance of a single brain
extracted microtubule nanowire, a single tubulin protein and a single neuron,
Fractal and Fractional, 4, 11(2020). https://doi.org/10.3390/fractalfract402001

PLENARY Section 4: ALTERED STATES OF CONSCIOUSNESS
Name: Emma Huels

Email: etrammel@umich.edu

Organization: University of Michigan

Co-Authors: Hyoungkyu Kim; UnCheol Lee; Tarik Bel-Bahar; Angelo V.
Colmenero; Amanda Nelson; Stefanie Blain-Moraes; George A. Mashour;
Richard E. Harris

Primary Topic: [05.04]........ Psychedelic and other altered states of
consciousness

Abstract Title: Neural Correlates of the Shamanic State of Consciousness

Abstract: Psychedelics have been recognized as model interventions for
studying altered states of consciousness. However, few empirical studies of the
shamanic state of consciousness, which is anecdotally similar to the psychedelic
state, exist. We investigated the neural correlates of shamanic trance using
high-density electroencephalography (EEG) in 24 shamanic practitioners and

24 healthy controls during rest, shamanic drumming, and classical music
listening, followed by an assessment of altered states of consciousness. EEG
data were used to assess changes in absolute power, connectivity, signal
diversity, and criticality, which were correlated with assessment measures. We
also compared assessment scores to those of individuals in a previous study
under the influence of psychedelics. Shamanic practitioners were significantly
different from controls in several domains of altered states of consciousness,
with scores comparable to or exceeding that of healthy volunteers under the
influence of psychedelics. Practitioners also displayed increased gamma power
during drumming that positively correlated with elementary visual alterations.
Furthermore, shamanic practitioners had decreased low alpha and increased
low beta connectivity during drumming and classical music and decreased
neural signal diversity in the gamma band during drumming that inversely
correlated with insightfulness. Finally, criticality in practitioners was increased
during drumming in the low and high beta and gamma bands, with increases

in the low beta band correlating with complex imagery and elementary visual
alterations. These findings suggest that psychedelic drug-induced and non-
pharmacologic alterations in consciousness have overlapping phenomenal traits
but are distinct states of consciousness, as reflected by the unique brain-related
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changes during shamanic trance compared to previous literature investigating
the psychedelic state.

PLENARY Section 4: ALTERED STATES OF CONSCIOUSNESS

Name: Charlotte Martial

Email: cmartial@uliege.be

Organization: Coma Science Group (GIGA-Consciousness) University of Liege
Primary Topic: [05.08]........ Near-death and anomalous experiences

Abstract Title: Near-death experience as a probe to explore (disconnected)
consciousness

Abstract: Almost fifty years ago, the first evidence of near-death experience
(NDE) during comatose state was provided, setting the stage for a new
paradigm for studying disconnected consciousness and its underlying
neurophysiological mechanisms. Although, historically, no thematic of research
has been discussed more emotionally than the phenomenon of NDE, this is now
changing and research on the phenomenon is currently increasing throughout
the world. The talk provides an overview of the current state of the art in NDE
research and where new opportunities for understanding the phenomenon may
arise in the future.

PLENARY Section 4: ALTERED STATES OF CONSCIOUSNESS
Name: Elizabeth Krasnoff

Email: elizabeth@sound-medicine.com

Organization: California Institute for Human Science

Primary Topic: [0216]........ Brain stimulation techniques

Abstract Title: Altered States of Consciousness and Sound: The Auditory
Pathways of Binaural Beats

Abstract: In a time when the pursuit of altered states of consciousness is both
leading edge science and a mainstream pursuit, the spotlight is on all available
methods of consciousness alteration. Elizabeth investigates the power of
sound to alter our states of consciousness, specifically the auditory pathways
of binaural beats. Current theory in the Sound Healing field hypothesizes

that binaural beats filter through our Reticular Activating System, presenting
consciousness altering data to the auditory brain. Binaural beats are a
difference tone created by two slightly different pitches. Electrical brain wave
patterns respond to these precise frequencies and appear to impact correlative
states of consciousness. The Reticular Activating System is a neural network
located in the brainstem responsible for modulating our three basic states of
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consciousness, awake, light sleep and deep sleep. Clinical studies continue to
show positive outcomes in the leading edge field of binaural beats research,
and the evidence is mounting for a powerful musical healing technology—music
embedded with binaural beats. Moving forward, in her first double blind and
controlled pilot study, Elizabeth has compared the effects of relaxation music
to the effects of relaxation music plus inaudible binaural beats, measuring EEG,
HRV, GSR, bioenergy and subjective questionnaire response. All 4 subjects
experienced an improvement in brain function and had a calmer brain after
adding BB to brown noise or to music plus brown noise. Most also show an
improvement in microcirculation or cardiovascular score after listening to music
plus brown noise and BB, probably due to relaxation. All of them also showed
an increase in bioenergy after adding BB. BB seems to have profound effects
on the physiology of subjects and since it is not audible, these effects cannot
be attributed to the placebo effect. These results are encouraging in terms of
developing musical products incorporating binaural beats to affect our neural
rhythms and corollary states of consciousness and warrant further research
with more subjects and different frequencies of BB and different music tracks.
—Consciousness is an arousal and awareness of environment and self, which
is achieved through action of the RAS on the brain stem and cerebral cortex
(Daube, 1986; Paus, 2000; Zeman, 2001; Gosseries et al., 2011).

KEYNOTE 2 (Plenary 5): PSYCHEDELICS

Name: Robin Carhart-Harris, Ph.D.

Email: Robin.Carhart-harris@ucsf.edu

Organization: University of California, San Francisco

Primary Topic: [02.19]........ Psychedelics and psychopharmacology
Abstract Title: Psychedelics: Brain Mechanisms

Abstract: The talk takes a multi-level approach to the question of how
psychedelics work in the brain. Key themes include: the pharmacology

of classic serotonergic psychedelics, what this tells us about the current,
developmental and evolutionary function of serotonin 2A receptor signaling,
the acute brain effects of psychedelics as determined by functional brain
imaging, current evidence for psychedelic therapy, the 'REBUS' model of the
action of psychedelics, and how this maps on to the phenomenology of the
acute psychedelic experience and therapeutic outcomes. The talk will end with
a focus on a recent double-blind RCT comparing psilocybin therapy with an
established antidepressant drug in the treatment of depression.
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PLENARY Section 6: PSYCHEDELIC MECHANISMS
Name: George A. Mashour, M.D.
Email: gmashour@med.umich.edu

Organization: University of Michigan, Director, Michigan Psychedelic
Collaborative Scientific Director, Center for Consciousness Science Professor
of Anesthesiology, Neurosurgery, Pharmacology, and Psychology Faculty,
Neuroscience Graduate Program University of Michigan, Ann Arbor

Primary Topic: [02.19]........ Psychedelics and psychopharmacology
Abstract Title: Anesthetics as Psychedelics

Abstract: There has been a renaissance of rigorous investigation into
psychedelic neuroscience and therapy, with a primary focus on canonical
serotonergic drugs such as psilocybin, lysergic acid diethylamide, and
dimethyltryptamine. However, it has been known since antiquity that
subanesthetic doses or concentrations of general anesthetics can evoke
psychedelic experiences. In this presentation, | will discuss some historical
background of the use of anesthetics as psychedelics, then pivot to the
neurobiology of ketamine and nitrous oxide. Drawing on studies by our
research group in rodents, nonhuman primates, and humans, | will discuss the
effects of subanesthetic ketamine and nitrous oxide on neuronal spike activity,
cortical information transfer, and large-scale functional connectivity patterns in
the brain. Lastly, | will discuss recent data that examines the phenomenon of
increased neurophysiologic complexity during psychedelic drug exposure and
the potential neurochemical underpinnings based on concomitant high-density
electroencephalography and multi-site microdialysis in the rodent brain.

PLENARY Section 6: PSYCHEDELIC MECHANISMS

Name: Alex C. Kwan

Email: alex.kwan@yale.edu

Organization: Yale University

Primary Topic: [0219]........ Psychedelics and psychopharmacology
Abstract Title: Visualizing the plasticity-promoting action of psilocybin

Abstract: Psychedelics are compounds that produce an atypical state of
consciousness characterized by altered perception, cognition, and mood.

In addition to the subjective effects, it has long been recognized that

these compounds have therapeutic potential for mood disorders. Among
psychedelics, psilocybin has yielded highly promising results showing a relief
of depression symptoms with rapid onset and long duration of weeks if not
months. The long-lasting beneficial effects of psilocybin depend presumably
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on neural plasticity; however, the neural basis remains unclear. In this talk, | will
describe a dendrite-based framework for understanding how psychedelics may
promote neural plasticity. | will discuss recent experiments with psilocybin in
mice to test key aspects of the cellular and circuit mechanisms.

PLENARY Section 6: PSYCHEDELIC MECHANISMS

Name: Katrin Preller

Email: katrin.preller@yale.edu

Organization: University of Zurich; Yale University

Primary Topic: [02.19]........ Psychedelics and psychopharmacology
Abstract Title: The neurobiology of altered states of consciousness

Abstract: Due to their unique effects on consciousness, psychedelics offer
the opportunity to investigate the neuropharmacological mechanisms
underlying alterations in perception and cognition important for increasing

our understanding of psychiatric disorders. Furthermore, renewed interest

in the potentially beneficial clinical effects of psychedelics warrants a better
understanding of their underlying neuropharmacological mechanisms. However,
major knowledge gaps remain regarding the neurobiology of psychedelics

in humans. In our studies we show that LSD and psilocybin modulate brain
connectivity and subjective effects via agonistic activity on the serotonin 2A
receptor in humans. Furthermore, we elucidate the neuropharmacology of
self-relevance and meaning processing, as well as the intertwined relationship
between self-processing and social cognition via the administration of LSD
and psilocybin. We additionally show that the neural correlates of psychedelic-
induced states differ from non-pharmacologically induced altered states of
consciousness. Our results thus attenuate major knowledge-gaps regarding
the neurobiology and neuropharmacology of psychedelics. Furthermore, they
increase our mechanistic understanding of cognitive and emotional processes
and therefore offer important directions regarding the development of novel
therapeutics.

PLENARY Section 7: ORIGINS OF LIFE
Name: Dante Lauretta
Email: lauretta@arizona.edu

Organization: University of Arizona, Regents Professor, Planetary Science and
Cosmochemistry; University of Arizona Lunar & Planetary Laboratory

Co-Authors: Daniel P. Glavin

Primary Topic: [04.10]........ Origin and nature of life
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Abstract Title: Testing Theories for the Origin of Life Using Samples of Near-
Earth Asteroid (101955) Bennu

Abstract: On Oct. 20, 2020, NASA’'s OSIRIS-REx spacecraft descended to

the surface of asteroid Bennu, contacted briefly, and collected a sample of
carbonaceous material (Lauretta et al. 2021). These samples will return to Earth
in 2023. Analyses of these samples promise advancement in our knowledge
of the initial stages of planet formation and the origin of life (OOL). In particular,
the samples will be analyzed to determine whether the building blocks
required for the different OOL theories could have been delivered to Earth by
carbonaceous asteroids. A leading theory in origin of life research is the RNA
World Hypothesis, in which RNA is the first biomolecule and performs both
reproductive and catalytic functions (Woese 1967; Eigen and Schuster 1977,
Gilbert 1986). The sample analysis team (SAT) will analyze solvent extracts of
Bennu samples for the presence of purines and pyrimidines (Callahan et al.
20M), and polyols including ribose and other bioessential sugars (Furukawa

et al. 2019). Alternatively, the Protein World Hypothesis purports that proteins
are amplified in the absence of any genetic function (lkehara 2005). The SAT
will analyze for both contemporary protein and non-protein amino acids and
peptides to test this hypothesis. In addition, the team will determine if organic
material contains enantiomeric excesses for chiral molecules that are of the
same handedness as found in life (i.e., L-amino acids). A third approach is

the Metabolism First Hypothesis, where self-reproducing and evolving proto-
metabolic networks predate self-replicating molecules (Vasas et al. 2010).

The SAT explores this concept by seeking signs of frozen chemical reaction
networks, catalytic cycles, autocatalytic cycles, or pathways. (Aponte et al.
2017; Ferndndez-Garcia et al. 2017). The above hypotheses are driven by the
principle that life is defined by a complex set of physicochemical processes
and assume that consciousness evolved after life’s origin. The Orchestrated
Objective Reduction hypothesis proposes that consciousness preceded

life. Consciousness, in this theory, is driven by self-collapse of the quantum
wavefunction, producing “proto-conscious” moments (Hameroff 2017) that could
have driven organic molecules to self-organize. The first molecules to enter
the quantum coherent state may have been polyaromatic hydrocarbons. These
hydrocarbon rings occur at the core of proteins, nucleic acids, and psychoactive
compounds. While not part of the SAT plan, we are investigating quantum
effects in the chemically complex, macromolecular organic material that likely
contains the bulk of Bennu’s carbon (Cody and Alexander 2005). References:
Aponte et al. (2017) ACS Earth Space Chem. 1.1: 3-13. Callahan et al. (2011) PNAS
108.34: 13995-13998. Cody and Alexander (2005) GCA 69.4: 1085-1097. Eigen
and Schuster (1977) Naturwissenschaften, 64(11), 541-565. Ferndndez-Garcia et
al. (2017) Chem. Commun., 53: 4919-4921. Furukawa et al. (2019) PNAS 116.49:
24440-24445. Gilbert (1986) Nature 319.6055: 618-618. Hameroff (2017) In: On
Human Nature (pp. 333-353). Academic Press. lkehara (2005) Chem Rec 5.2:
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107-118. Lauretta et al. (2021) In: Sample Return Missions. Elsevier, 163-194. Pross
(2004). OLEB 34.3: 307-321. Vasas et al. (2010) PNAS 107.4: 1470-1475. Woese
(1967) New York: Harper & Row, 200 pp.

PLENARY Section 7: ORIGINS OF LIFE

Name: Sara Walker

Email: sara.iwalker@asu.edu

Organization: Arizona State University

Primary Topic: [04.10]........ Origin and nature of life
Abstract Title: Hard Problems: Life and Consciousness

Abstract: Understanding what life is, and by extension how it originates may
be the most difficult open question in science, rivaling only the problem

of consciousness in its potential difficulty. Both seem to bend our current
understanding of physics and chemistry as ill-equipped to solve them. This led
the to the notion of the ‘hard problem’ of consciousness, meant to precisely
articulate the key feature of consciousness our current understanding of reality
can’t explain - the problem of experience, that is why does it feel like anything
to exist? Like consciousness, here | argue that explaining life can similar be
reduced to a single focal hard problem, the hard problem of life, that is how can
information affect the material world? | discuss new developments in a theory
called assembly theory aiming to address this problem.

PLENARY Section 7: ORIGINS OF LIFE

Name: Steen Rasmussen

Email: steen@sdu.dk

Organization: University of Southern Denmark | Santa Fe Institute
Primary Topic: [04.02]........ Quantum field approaches

Abstract Title: Assembly and evolution of minimal living materials

Abstract: We use a systemic protocell design process as a starting point

for exploring two fundamental questions: How may minimal living systems
emerge from non-living materials? And how may minimal living systems support
increasingly more evolutionary richness? Living matter, as a minimum[1], is
composed of (i) a metabolism that transforms energy to support the involved
reactions e.g., to generate building, (ii) an informational system with inheritable
information that at least in part controls the metabolism and (iii) a container that
co-localizes the metabolism and the informational system. Further, the system
exists in (iv) an environment that provides resources and free energy as well as
absorbs waste. We present an experimental example of a protocellular system
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that satisfies the above. Landauer’s principle[2][3][4][5] states that an ability

to copy and evolve information costs free energy. Therefore, available free
energy must be a prerequisite for replication to occur, and thus the existence
of a metabolism is a prerequisite as a converter of available free energy into
the work needed in replication. Good molecular candidates to support simple
metabolic processes are complexes of polyaromatic hydrocarbons and metal.
Information in modern life usually reefers to sequential information (e.g.,

in DNA and RNA or proteins), while compositional information[6] (e.g., the
composition of an aggregate) is a less restrictive form of information that can
also be replicated. We show how compositional information can be coupled to
a metabolism experimentally as well as in simulation in the context of a minimal
living protocell[7][8][9]. By examining data from systems in physics, biology,
engineering, and economics it turns out that one can observe two different
modes of evolution[10]: optimization and expansion. The former may occur in
systems whose size and component interactions do not change substantially
over time, while the latter is a key property of open-ended evolution, where
components and component interactions change over time. Thus, to enhance
the evolutionary richness in a system that only optimizes, e.g., the above
presented protocellular system, the system must be enriched with new
components, and thereby interactions, to expand its potential dynamics. We
have applied this simple design idea[11] with some success to enhance the
behavioral richness both for computational and experimental investigations,
but it is only in retrospect one can be certain, which system expansions one
should apply. [1] https://royalsocietypublishing.org/doi/10.1098/rstb.2015.0440
[2] https://en.wikipedia.org/wiki/Landauer%27s_principle [3] https://www.
nature.com/articles/ncomms8669 [4] https://arxiv.org/abs/1004.4732 [5] https://
royalsocietypublishing.org/doi/101098/rsta.2016.0343 [6] https://www.pnas.org/
content/pnas/97/8/4112 full.pdf [7] https://royalsocietypublishing.org/doi/10.1098/
rstb.2015.0440 [8] https://direct.mit.edu/isal/proceedings/isal2020/269/98487
[9] https://direct.mit.edu/isal/proceedings/isal/33/69/102946 [10] https://direct.
mit.edu/artl/article-abstract/25/1/9/2914/ [11] https://direct.mit.edu/artl/article-
abstract/7/4/329/2381/

KEYNOTE 3 (Plenary 8): ASTROBIOLOGY & ASTROCONSCIOUSNESS
Name: Avi Loeb

Email: aloeb@cfa.harvard.edu

Organization: Harvard University

Primary Topic: [04.04]........ Cosmology and integrative models

Abstract Title: The Galileo Project: In Search for Technological Interstellar
Objects

Abstract: The search for extraterrestrial life is one of the most exciting frontiers
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in science. First tentative clues were identified close to Earth in the form of the
unusual interstellar object ‘Oumuamua and Unidentified Aerial Phenomena
(UAP) in the Earth's atmosphere. The recently announced "Galileo Project"
ushers the new frontier of "space archaeology" in search of extraterrestrial
technological relics. The lecture will feature content from my book
"Extraterrestrial", as well as the textbook "Life in the Cosmos", both published
in 2021. Related material was also featured in my weekly commentaries in
Scientific American and Medium.

PLENARY Section 9: TIME & CONSCIOUSNESS

Name: Daniel P. Sheehan

Email: dsheehan@sandiego.edu

Organization: Department of Physics, University of San Diego
Primary Topic: [04.02]........ Quantum field approaches

Abstract Title: Time's Broken Arrow: Consciousness and Temporal
Bidirectionality

Abstract: During the last 20 years it has become increasin