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Stuart Hameroff MD is Emeritus Professor of Anesthesiology & Psychology, Director of the Center for Consciousness Studies, and attending anesthesiologist at Banner-University Medical Centers, all at the University of Arizona in Tucson.  
 
Hameroff grew up in Cleveland, Ohio, and attended the University of Pittsburgh, studying chemistry, physics, mathematics and philosophy of mind.  At Hahnemann Medical College in Philadelphia
in the early 1970s, he spent time in a cancer research lab studying cell division/mitosis becoming interested in how mitotic spindles, composed of cylindrical protein lattice polymers called microtubules, were able to very precisely separate and move chromosomes in a delicate dance. Comparing the microtubule lattice to Boolean computer matrices, Hameroff began to develop an idea that microtubules were computer-like sources of biological intelligence, and possibly consciousness. 
 
After medical school, Hameroff trained in the department of anesthesiology at the University of Arizona Medical Center in Tucson. He was recruited and mentored by the department’s 
founding chair Burnell Brown Jr, MD, PhD, who told him that understanding how anesthesia works was the key to understanding consciousness. And he handed him a paper showing anesthetics affected microtubules. Hameroff began residency in the department of anesthesiology in 1975, and joined the faculty in 1977, a position he still holds as emeritus professor and practicing anesthesiologist at (now) Banner-University Medical Centers.  
 
Over his 47 years in the department Hameroff has pursued research in chronic pain, high frequency ventilation and transcranial ultrasound (TUS) as a clinical tool addressing microtubule resonances to treat mental and cognitive disorders. But his main interest has been related to microtubules, anesthesia and consciousness. 
 
In the 1980s Hameroff collaborated with physicists to develop models of information processing in microtubules based on ‘cellular automata’ (‘microtubule automata’) able to interact with membrane and synaptic activities.  Applied to microtubules in brain neurons, the approach theoretically increased
brain information processing capacity enormously. But it didn’t begin to explain the nature, or origin of consciousness.  
 
In 2001 Hameroff read ‘The emperor’s new mind’ by Roger Penrose which proposed that consciousness
stemmed from collapse (quantum state reduction) of the quantum wavefunction due to an objective
threshold related to gravity (objective reduction, ‘OR’), and that the brain must contain some form 
of quantum computer which would organize or orchestrate these OR quantum events. 
 
Hameroff suggested to Penrose that microtubules inside brain neurons might be the biological quantum computers he was looking for. Penrose agreed, and the two teamed up to develop the ‘Orchestrated objective reduction’, ‘Orch OR’ theory of consciousness which connects brain activity to quantum state reductions at the most basic level of the universe - fundamental spacetime geometry – where Penrose had proposed Platonic information could influence conscious choices and perceptions.  
 
Orch OR has been viewed skeptically by scientists and philosophers because technological quantum computers require extremely cold temperatures to avoid thermal “decoherence”, and the brain is a warm 37.6 degrees Centigrade. But recent experiments which are part of the Templeton World Charity Foundation (TWCF) program “Accelerating Research in Consciousness” have demonstrated quantum effects in microtubules at ambient temperatures. Experiments in Greg Scholes’ lab at Princeton, and in Aristide Dogariu’s lab at Central Florida show that quantum optical effects in microtubules are dampened by anesthetics which selectively block consciousness.  The Open Science Foundation (‘OSF’) registration for the project is here https://osf.io/zqnjd/,  and the first paper submitted to a top journal and is posted here on the BioArXiV  https://arxiv.org/abs/2208.10628

In 1994, with University of Arizona colleagues Al Kaszniak in Psychology, Alwyn Scott in Mathematics, Jim Laukes in Extended University, and subsequently David Chalmers in Philosophy and Stuart Hameroff started an interdisciplinary, international conference series ‘The Science of Consciousness’ (‘TSC’).  Held in even-numbered years in Tucson, and odd-numbered years elsewhere around the world, the 29th annual TSC was held in April 2022 in Tucson. The 2023 conference will be held in Taormina, Sicily co-organized with Riccardo Manzotti and colleagues.  
 
In 1998, with Kaszniak and Scott, and a 1.4-million-dollar grant from the Fetzer Institute,
Hameroff co-founded the University of Arizona Center for Consciousness Studies (CCS), served as associate director, and succeeded Kaszniak and then Chalmers, as director in 2004. With Abi Behar-Montefiore as assistant director and conference manager, CCS has subsisted since 2004 and in 2018 moved administratively to the College of Social and Behavioral Sciences. University of Arizona Regents Professor Tom Bever has acted as CCS Co-Director and, with support from the Eugene Jhong Family Foundation, has developed an educational curriculum for which Hameroff will teach a course ‘Introduction to the science of consciousness’ as he transitions from clinical work to research and education. CCS Associate Directors include psychologist Jay Sanguinetti, an authority in non-invasive brain modulation including transcranial ultrasound, and another Regents professor, planetary scientist Dante Lauretta who studies astrobiology and the origin of life and consciousness. Abi Behar-Montefiore continues as CCS stalwart Assistant Director and conference manager.   
 
Hameroff has written or edited 6 books, and several hundred scientific articles and book chapters, lectured on 6 continents, appeared in the film ‘WhattheBleep?’ and numerous TV shows about consciousness on BBC, PBS, Discovery, OWN, National Geographic, and History Channel.
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Grants/Awards
2021    Alvin J. Clark Foundation for Science & Roger Penrose conference
2021    Mani Bhaumik for Science & Roger Penrose conference   
2021    Eugene Zhong Family Foundation - CCS Educational grant (Tom Bever) $75,000
2020    Templeton World Charity Foundation – Experiments to test Orch OR theory 
            (through University of Alberta) $230,000
2020    Fetzer Institute – The Science of Consciousness Online conference  $50,000
2020    Templeton World Charity Foundation – Testing Orch OR Quantum Theory of Consciousness 
            – conference 40,000
2020    Fetzer Institute – Testing Orch OR Theory of Consciousness $18,500
2020    Vielight – The Science of Consciousness Online conference  $5,000
2020    Crowdfundng (Jay Sanguinetti) Transcranial ultrasound $68,000
2020    Alvin J. Clark Foundation – The Science of Consciousness Online Conference $10,550
2020    Eugene Zhong Family Foundation - CCS Educational grant (Tom Bever) $45,000
2020    Dennis Balson – TSC Conference $3,000
2020    Facilitating mindfulness training - TUS– with Jay Sanguinetti, Shinzen Young, J Allen, 
            Stuart Hameroff  $68,000 – crowdfunding 
2020    Sonication enhanced mindfulness acquisition, Atlantic Foundation, with Jay Sanguinetti, 
             S. Young $50,000
2019    Anonymous – TSC 2020 Conference  $10,000
2019    Default mode network ultrasonic neuromodulation, Atlantic Foundation with J. Sanguinetti, 
            JA Allen $150,000
2019    Interlaken TSC  Sponsors Alvin Clark and Mani Bhaumik $20,000
2018    Penrose Institute – Treating mental and cognitive disorders with Transcranial Ultrasound       
            (TUS), Penrose Foundation, CCS, S. Hameroff and J. Sanguinetti  $150,000 
2018    Univ. of Michigan CCS (George Mashour) – TSC Conference - $45,000
2018    Ron Gruber – TSC Conference - $500
2018    Alvin J. Clark Foundation – TSC Conference - $10,000
2018    Dennis Balson – TSC Conference $1500
2017    Mani Bhaumik – TSC Conference $10,000
2017    Alvin Clark – TSC Conference $10,000
2016    Center for Consciousness Science, U Michigan –TSC Conference Co-Sponsor $40,000
2016    Alvin J. Clark Foundation – TSC Conference - $10,000
2016    Dennis Balson – TSC Conference  $1000
2016    Ron Gruber - TSC-Conference $500
2016    YeTaDel Foundation – TSC Conference $1000
2016    Mani Bhaumik – TSC Conference $10,000
2014    Mani Bhaumik - Toward a Science of Consciousness TSC-20th Anniversary
            Conference Penrose Prize $10,000
2014    YeTaDel Foundation – TSC Conference $2500
2013-4 Transcranial ultrasound for mood enhancement, Thync/Neurotrek, with JA Allen,
             J. Sanguinetti, Hameroff $89,998
2012    Monroe Institute – TSC Conference $5000
2012    David Benjamin Publishing– TSC Conference $1000
2011    Elata Inc – TSC Conference – $1000
2011    Chapman University – TSC Conference $2000
2011    Rustum Roy Award, Chopra Foundation $75,000
2011    Institute of Noetic Sciences, TUS Pilot Study $5,000
2011    USAF-AFOSR - 2011 TSC-Stockholm Conference, European Office; Asian Office of   
            Aerospace R&D $23,000
2009    Anonymous – TSC Conference $10,000
2009    Neti Neti – TSC Conference $10,000
2007    YeTaDeL Foundation Award for Quantum Approaches to Consciousness – TSC  
            Conference $13,5000 
2003    Samueli Foundation Award for 2003 Quantum Mind conference $20,000
1998-   Fetzer Institute Award to establish the Center for Consciousness Studies at the University 
2001     of Arizona $1.4 million 
1990-9  National Science Foundation (NSF) Nonlinear dynamics: Solitons in biomolecules (Co-PI 
               Alwyn Scott) $40,000
1982     Pfizer-Roerig Pharmaceuticals: Effects of the antidepressant doxepin in chronic pain $30,000
1996-2014   Woodward White Independent Survey, US Pacific Region, Best Doctors in America, 
 (Neuroanesthesia)






Presentations, Press, Podcasts, Film

Short list - see below                                   Long list – see PDF

Podcasts from Brian Keating, UC San Diego 2022
Sir Roger Penrose & Stuart Hameroff: What is Consciousness? Part 1
https://www.youtube.com/watch?v=DaXkyxTZB58

Sir Roger Penrose & Stuart Hameroff: Collapsing a theory of quantum consciousness? Part 2
https://www.youtube.com/watch?v=OoDi856wLPM

Penrose, Sir Roger and Hameroff, Stuart. Presentation. Consciousness and the Physics of the Brain.  The Qualcomm Institute. Sanford Consortium for Regenerative Medicine - Roth Auditorium - La Jolla, CA. January 10, 2020.  https://www.youtube.com/watch?v=xGbgDf4HCHU  

Hameroff, S.  Presentation. Anesthesia, Consciousness, Bohm and Penrose (EmQM17), University of London, UK – posted Oct 2020 - Emergent Quantum Mechanics October 26-28, 2017 –Towards Ontology of Quantum Mechanics and the Conscious Agent, David Bohm Centennial Symposium, 4th International Symposium on Quantum Mechanics based on a “Deeper Level Theory”, Sponsored by Fetzer Franklin Fund. 
https://www.youtube.com/watch?v=xGbgDf4HCHU
https://emqm17.org/presentations/Stuart-Hameroff/ 

· http://en.wikipedia.org/wiki/Stuart_Hameroff 
Note:  Hameroff, S (2019). The Microtubule Quantum Vibration Theory of Anesthetic Action, Invited update to Wikipedia page ‘Theories of General Anesthetic Action’

Hameroff, S. Presentation. Is Your Brain Really a Computer? Sand Conference, 2019.   https://www.youtube.com/watch?v=mrdkNeXUfGg 

Hameroff, S. The Science of Consciousness. Presentation. Sand Conference 2019. 
https://www.youtube.com/watch?v=JHg-mr4aqWk&t=162s

Hameroff, S.  What is Consciousness? Interview by Robert Lawrence Kuhn. Closer to Truth, PBS April, 2014.    https://www.youtube.com/watch?v=UhAVbX3K5Q4 

Hameroff, S Anesthetic action links consciousness to quantum vibrations. CalTech. June 11, 2018. https://www.youtube.com/watch?v=VG8_hlnFdWM 

Hameroff, S. Quantum Consciousness.  Interview with Robert Wright. The Wright Show. Meaning of Life.tv. June 2018   https://www.youtube.com/watch/Rnx4vf9eeWE

Hameroff, S.  What is a theory of consciousness for? Sand Conference, 2018. 
https://www.youtube.com/watch?v=h89zweg_AuE;   Hameroff, S.  A Brief History of the Study of Consciousness. Sand Conference 2015. https://www.youtube.com/watch/hKAVgq99o_w 

Hameroff, S. Physics of free will. Interview by Robert Lawrence Kuhn. Closer to Truth, PBS. April 2014. https://www.youtube.com/watch?v=ztGNznlowic

Hameroff, S. How Do Human Brains Function? Interview by Robert Lawrence Kuhn. Closer to Truth, PBS. April 2014.  https://www.youtube.com/watch?v=cJtYElOI75k

Hameroff, S. Microtubules and quantum consciousness. GF 2045 Initiative. Global Future 2nd International Congress.  June, 2013. Alice Tully Hall. Lincoln Center. 
https://www.youtube.com/watch?v=R5DqX9vDcOM
https://phys.org/news/2013-08-world-itskov-futurists-convene-gf2045_1.html

Hameroff, S. Consciousness is more than computation. Interview with Nikola Danaylov. September 2013. Singularity Weblog.  https://www.youtube.com/watch?v=YpUVot-4GPM

Hameroff, S. Presentation. The Future of Consciousness. TEDx Tucson. December 2012.  https://www.youtube.com/watch?v=1d5RetvkkuQ

Hameroff, S. How quantum brain biology can save the world TEDx Brussels 2010   https://www.youtube.com/watch?v=iIyEjh6ef_8


Additional Links:

· http://en.wikipedia.org/wiki/Stuart_Hameroff 
Note:  Hameroff, S (2019). The Microtubule Quantum Vibration Theory of Anesthetic Action, Invited update to Wikipedia page ‘Theories of General Anesthetic Action’




Websites:

· www.hameroff.arizona.edu
· www.quantumconsciousness.org 

· www.consciousness.arizona.edu
· YouTube - The Science of Consciousness - TSC Conferences - Videos  

Databases
PUB MED NIH        
ScienceDirect.com   
Frontiers      
Google Scholar  
Wikipedia   

CV, Bio Sketch, Publications & Media Lists
Bio/CV 
  

Websites | Databases

TSC Conferences, Quantum Mind 

1991   NATO Advanced Workshop: Coherence in Bioenergetic Systems - Tucson, Arizona
1994   Toward a Science of Consciousness (“TSC 1”) Apr 12-17 - Tucson, Arizona
1995   Toward a Science of Consciousness (“TSC 2”) Naples, Ischia, Italy (Chloe Taddei-Ferretti)
1996   Toward a Science of Consciousness (“TSC 3”) Apr 8-13 - Tucson, Arizona
1997   Toward a Science of Consciousness (“TSC 4”) Aug 18-24 - Elsinore, Denmark (Alwyn Scott)
1998   Toward a Science of Consciousness (“TSC 5”) Apr 27- May 2 - Tucson, Arizona
1999   Toward a Science of Consciousness (“TSC 6”) May 28 - Tokyo, Japan (Kunio Yasue, Mari Jibu)
1999   Quantum Mind 1                                             August - Flagstaff AZ
2000   Toward a Science of Consciousness (“TSC 7”) Apr 10-15 - Tucson, Arizona
2001   Toward a Science of Consciousness (“TSC 8”) Aug 6-11 - Skövde, Sweden (Paavo Pylkkanen)
2002   Toward a Science of Consciousness (“TSC 9”) Apr 8-12 - Tucson, Arizona
2003   Toward a Science of Consciousness (“TSC 10”) July 6-10 - Prague, Czech Republic (Ivan Havel)
2003   Quantum Mind 2                                              Mar 15-19 - Tucson, Arizona
2004   Toward a Science of Consciousness (“TSC 11”) Apr 7-11 - Tucson, Arizona
2005   Toward a Science of Consciousness (“TSC 12”) Aug 17-20 - Copenhagen, Denmark 
           (Morten Overgaard)
2006   Toward a Science of Consciousness (“TSC 13”) Apr 4-8 - Tucson, Arizona
2007   Quantum Mind 3                                               July 17-20 - Salzburg, Austria (Gustav Bernroider)
2007   Toward a Science of Consciousness (“TSC 14”) July 23-27 - Budapest, Hungary (George Kampis)
2008   Toward a Science of Consciousness (“TSC 15”) Apr 8-12 - Tucson, Arizona 
2009   Toward a Science of Consciousness (“TSC 16”) June 11-14 - Hong Kong, China (Gino Yu)
2010   Toward a Science of Consciousness (“TSC 17”) Apr 12-17 - Tucson, Arizona
2011   Toward a Science of Consciousness (“TSC 18”) May 2-8 - Stockholm, Sweden (Christer Perfjell)
2012   Toward a Science of Consciousness (“TSC 19”) Apr 9-14 -Tucson, Arizona
2013   Toward a Science of Consciousness (“TSC 20”) Mar 3-9 - Agra, India (PS Satsangi, Vishal Sahni)
2014   Toward a Science of Consciousness (“TSC 21”) Apr 21-26 -Tucson, Arizona
2015   Toward a Science of Consciousness (“TSC 22”) June 9-13 - Helsinki, Finland (Paaavo Pylkkanen)
2016   The Science of Consciousness          (“TSC 23”) Apr 25-30 - Tucson, Arizona
2017   The Science of Consciousness          (“TSC 24”) June 5-10 - San Diego, California
2018   The Science of Consciousness          (“TSC 25”) Apr 2-7 - Tucson, Arizona
2019   The Science of Consciousness          (“TSC 26”) June 25-28 - Interlaken, Suisse 
           (Harald Atmanspacher)
2020   The Science of Consciousness          (“TSC 27”) Sept 14-18 - Online
2021   Science and Roger Penrose              (“TSC 28”) August 3-6 - Online
2022   The Science of Consciousness          (“TSC 29”) April 18-23 - Tucson, Arizona
2023   The Science of Consciousness          (“TSC 30”) TBA - Taormina, Sicily (Riccardo Manzotti)
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STUART HAMEROFF, MD 
Anesthesiologist, Quantum Consciousness Theorist and Researcher
Researcher into the nature of consciousness, the mechanism of anesthesia, and the quantum biology of microtubules
Professor Emeritus, Departments of Anesthesiology and Psychology Banner-University Medical Center Director, The Center for Consciousness Studies, Colleges of Medicine, Science, and Social and Behavioral Sciences, The University of Arizona, Tucson, Arizona
Curriculum Vitae CV -Sept 19, 2022
Link to PDF
Press, Presentations, Podcasts - Long List – Sept 19, 2022
Link to PDF
REVIEWER
Anesthesiology, Anesthesia and Analgesia; Physica A; Medical Hypotheses; Bioessays; Trends in Cognitive Sciences (‘TICS’); Journal of Consciousness Studies; Progress in Biophysics and Molecular Biology; Bio-Algorithms and Med-Systems; Proceedings A Royal Societ,y, Nature Scientific Reports.
EDITORIAL BOARDS  
BioSystems; Journal of Consciousness Studies (Assoc. Editor)
PROFESSIONAL MEMBERSHIPS  
American Society of Anesthesiologists; Association of University Anesthesiologists; Society for Neuroscience; Association for the Scientific Study of Consciousness
From here on needs review

RESEARCH INTERESTS 
Consciousness studies, microtubules, Penrose-Hameroff ‘Orch OR’ theory, quantum biology, molecular mechanisms of anesthetic action, multi-scale brain hierarchy, brain modulation with transcranial ultrasound.
Overview
The nature of consciousness remains deeply mysterious and profoundly important, with existential, medical and spiritual implications. We know what it is like to be conscious – to have awareness, a conscious ‘mind’, but who, or what, are ‘we’ who know such things? How is the subjective nature of phenomenal experience – our ‘inner life’ - to be explained in scientific terms? What consciousness is, and how it comes about remain unknown. 
The general assumption in modern science and philosophy is that consciousness emerges from complex computation among simple brain neurons, computation whose currency is usually seen as axonal firings (‘spikes’) and synaptic transmissions. These occur at the neuronal surface membrane level, and spikes are often equated with information ‘bits’ in digital computing. But this approach fails to account for phenomenal conscious experience, and relegates consciousness to epiphenomenal illusion, occurring too late for real-time conscious control of our seemingly conscious actions.  
Rather than a computer of neurons, an alternative possibility is that the brain is a multi-scale hierarchy, with self-similar information patterns resonating, interfering and undergoing quantum state reductions across multiple fractal-like levels of scale, resulting in consciousness being more like music than computation. 
When did consciousness arise? The brain-as-computer view presumes consciousness ‘emerged’ during biological evolution, perhaps fairly recently. On the other hand, spiritual and contemplative traditions, and scientists and philosophers embracing panpsychism, and the ‘Orch OR’ theory (see below) may consider consciousness to be intrinsic, somehow ‘woven into the fabric of the universe’, having existed all along in the fine scale structure of reality, fundamental spacetime geometry, and somehow accessible to conscious organisms. In the panpsychist/Orch OR views, conscious precursors and Platonic forms preceded life, possibly prompting its origin and driving its evolution.  


CONSCIOUSNESS AND ORCH OR
I became interested in consciousness as an undergraduate, and in medical school in the early 1970s worked in a cancer lab and studied mitotic cell division. The precise separation of chromosomes and formation of dividing daughter cells were performed by mitotic spindles and centrioles, composed of self-organizing protein polymers called microtubules. Fascinated by their apparent intelligence and purposeful behavior, I wondered whether the microtubule polymer lattice processed information as a molecular computer, to organize cellular activities. If so, could this be somehow relevant to consciousness?   
Following medical school I trained in anesthesiology at the University of Arizona, mentored by the department founding chairman Burnell Brown. He convinced me the best way to understand consciousness was to understand how anesthetic gases selectively block it, sparing non-conscious brain activities. In my academic career I’ve researched anesthetic action, microtubules and consciousness, as well as high frequency jet ventilation, chronic pain therapies, neuromuscular blockade, brain monitoring during anesthesia and transcranial ultrasound brain therapy. With engineer and physicist colleagues I developed models of microtubule information processing at deeper, higher capacity levels within neurons, and in the 1980s challenged mainstream ideas in neuroscience and artificial intelligence (‘AI’).   
But one day someone said: “OK, there’s all this information processing in microtubules going on inside neurons. How would that explain consciousness?” I had to admit I didn’t know, but fortunately he suggested I read ‘The emperor’s new mind’ by Roger Penrose (1989), which I did. 
In it, Roger proposed ‘objective reduction’, ‘OR’ self-collapse of quantum superposition due to spacetime geometry, as a solution for both the quantum measurement problem and the ‘hard problem’ of conscious experience. It was audacious and brilliant. He was suggesting a ‘quantum’ mechanism for consciousness connected to the fine scale structure of the universe but needed a quantum computer in the brain able to modulate neuronal functions. To me, microtubules fit the bill perfectly, and Roger agreed when we met. In the mid 1990s we published the Penrose-Hameroff theory of ‘orchestrated objective reduction’ (‘Orch OR’) which suggests consciousness arises from quantum vibrations ‘orchestrated’ in microtubules inside brain neurons, orchestrated vibrations which are proposed to interfere, ‘collapse’ and resonate across scale, control neuronal firings, and generate consciousness. 
Orch OR was viewed skeptically, as quantum technology requires extreme cold to avoid thermal decoherence. But evidence has now shown 1) functional quantum behavior in photosynthesis proteins in sunlight, 2) coherent vibrations in microtubules at ambient temperatures in a multiscale hierarchy spanning terahertz, gigahertz, megahertz, kilohertz and hertz frequencies, 3) anesthetic action on microtubules rather than membrane proteins.  
Stuart Hameroff’s research pursued microtubule information processing and anesthetic action. In the mid-1990s he teamed with eminent British physicist and Nobel Laureate Sir Roger Penrose to develop a controversial quantum theory of consciousness (‘orchestrated objective reduction’, ‘Orch OR’) based on microtubule quantum computing. Harshly criticized initially, Orch OR is now supported by experimental results including anesthetic action. In 2017, with Sir Roger Penrose, James Tagg, Ivette Fuentes and Erik Viierre, Hameroff co-founded the Penrose Institute, intended to support research based on the various works of Sir Roger (cosmology, quantum mechanics, general relativity, black holes, geometry and consciousness).

TESTING ORCH OR 
For Orch OR to be feasible, microtubules would need to sustain functional quantum states spatially and temporally. Microtubules are polymers of the protein tubulin, each of which has 86 ‘aromatic’ amino acid rings (tryptophan, phenylalanine and tyrosine) of delocalized ‘pi electron’ resonance clouds. These electron clouds form non-polar (water-aversive) regions inside tubulin which are friendly to quantum-optical effects like fluorescence, phosphorescence, van der Waals coupled dipole oscillations, delayed luminescence, and superradiance. These non-polar regions are also precisely where anesthetic gases bind and act by weak, quantum interactions to selectively block consciousness. 
To test Orch OR we set out to 1) demonstrate quantum optical states in microtubules at physiological conditions. If demonstrated, we would then 2) test effects of general anesthetics upon the microtubule quantum optical states. Failure to find quantum effects in microtubules, or, if found, determination that they were not dampened by anesthetics, would effectively ‘falsify’ Orch OR (Hameroff, 2021). 
With funding from the Templeton World Charity Foundation (‘TWCF’; $230,000 over 2 years) program in ‘Accelerating Research in Consciousness’, Stuart Hameroff and Sir Roger Penrose convened an experimental group including Jack Tuszynski (U Alberta), Greg Scholes and Aarat Kalra (Princeton), Aristide Dogariu (Central Florida), Travis Craddock (Nova SE), and M. Bruce MacIver (Stanford). Two sets of experiments were planned and have been performed over the past two years.  
At Princeton, Greg Scholes and Aarat Kalra studied tryptophan fluorescence lifetimes (‘TFLs’) in tubulin, and microtubules. Laser-induced optical excitations propagate far further and persist far longer through microtubules than expected. Two different anesthetics (etomidate, and isoflurane) both significantly alter TFL excitation time and distance in microtubules (Lewton, 2022).  
In Aristide Dogariu’s lab at the University of Central Florida, brief pulses of blue light shown on microtubules and tubulin proteins resulted in apparent ‘light-trapping’, and then re-emission in a process called delayed luminescence (‘DL’), apparently mediated by quantum ‘superradiance’ (Celardo et al., 2019). Tubulin units re-emitted half the light after hundreds of milliseconds, and microtubules re-emitted after more than a second. The experiments were repeated with anesthetics etomidate and isoflurane, and also a structurally related anti-convulsant (but non-anesthetic) drug. Both anesthetics, but not the anti-convulsant shortened the DL/superradiance time.  
Superradiance and other quantum optical effects in microtubules support Orch OR and could be essential for consciousness. We are writing up both studies and planning further experiments with anesthetics in the gas phase to look for reversibility in superradiance inhibition and compare different anesthetic potencies with their known potencies in rendering humans and animals unconscious and unresponsive. If those sets of potencies match, superradiance in microtubules would be, at least, a presumptive correlate of consciousness.    
A NEW PARADIGM IN NEUROSCIENCE 
Increasing evidence suggests functional aspects of consciousness and cognition operate and extend in a scale-invariant hierarchy, both 1) upward from the level of neurons to larger and larger neuronal networks and networks of networks in the brain, but also 2) downward, inward, smaller, to deeper, faster quantum processes in cytoskeletal microtubules inside neurons.  
For the past 9 years Anirban Bandyopadhyay’s group at National Institutes of Material Sciences, in Tsukuba, Japan has found excitation and resonance in microtubules in terahertz, gigahertz, megahertz, kilohertz and hertz frequency ranges. The excitations occur in self-similar patterns which repeat every ~3 orders of magnitude as ‘triplets of triplets’, i.e., three peaks, each composed of 3 peaks.  
The biological quantum vibrations apparently originate in terahertz quantum (van der Waals) dipole oscillations in and among aromatic amino acid rings of tryptophan, phenylalanine and tyrosine within each tubulin. This is the medium in which anesthesia acts to prevent consciousness, possibly by dampening quantum terahertz dipole oscillations.  
Anirban’s group has also shown that gigahertz and megahertz oscillations in dendritic-somatic microtubules regulate axonal firings and have detected gigahertz and megahertz from the scalp within the EEG, with self-similar ‘triplet-of-triplet’ patterns.   
The brain should be viewed as a scale-invariant hierarchy, with 15 orders of magnitude of activities critical to consciousness and cognition extending inward, deeper, faster into microtubules inside neurons. And further still to fundamental spacetime geometry, according to Penrose OR.  
Medically, research into therapies for mental and cognitive disorders should include testbeds for quantum optical effects in microtubules. 
1. Quantum optical pharmacology laboratory, testing effects of potential drug molecules on microtubule superradiance, quantum optics and electronic cloud dipoles. Also effects of ultrasound, and terahertz radiation. In addition to microtubules, we will study organic molecules including polyaromatic hydrocarbons, and other molecules from extraterrestrial sources through collaborations with Dante Lauretta.  
2. CCS pioneered brain ultrasound therapy. When Anirban discovered megahertz and other frequencies in microtubules, I wondered whether ultrasound (megahertz mechanical vibrations) into the brain may be beneficial. It turned out to be safe and painless in reasonable exposure, and we performed and published the first clinical trial of transcranial ultrasound (TUS) on chronic pain and mood (Hameroff et al, 2013). I later worked with Jay Sanguinetti and John Allen in psychology on TUS (Sanguinetti et al, 2020), and hope to continue and expand clinical trials of TUS, e.g., for dementia, TBI, depression, anxiety, PTSD and addiction 
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