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Abstract
A general assumption in LSD research is that LSL
varying in the degree of distortion. This likely derives from the widely and perhmghgitly held
position of indirect realism which, though accepting an objective world, assumes the brain is
generating within the mind not only imaginative images and memory images, but also perceptual
imageswith no substantive difference in their qualilowever, the origin of perceptual images
per meated with qualia is an aspect of the “har
solution to the origin of images, any theory of
world is ungrounded.
Curently, a model describing LSD's perceptual ef
joining Henri Bergson’s panspychism and J. J. G
doses of LSD produce different timescale changes in pereg@ial these changes are veridical
specifications of the external world, not hallucinatory. In this context, the brain is a very concrete
dynamical device, one not captured by an abstract computational framework.
A testable model is proposed by which LiGfdeases rate processes on the relevant timescale. A
variety of biochemical data are argued as being productively understood in the context of Gilbert
Ling' s dwndacitdtoinomypothesis, and a primary seque
an amno acid score that is central to this hypothesisconsistent with the importance of-5
hydroxytryptamine receptor 2A. The proposed model is compared to recent progress in structural
biology.

Keywords: perception, LSD, Henri Bergson, J.J. Gibson, bistiyemi
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LSD and Perception: the Bergs@ibson Model for Direct Perception andsiBiochemical
Framework

Recently, severakports helped to clarify the neural, phenomenological, and biochemical
changes underlying the effects of lysergic acid diethylamldeDj.For example, cognitive
neuroscientists revealed correlates to the LSD experience (Catlaaris et al., 2016; Preller et
al., 2019) and helped to frame a theoretical basis forpkgchotropiceffects (CarharHarris et
al., 2014, Preller et al., 2019; Atasoy et al., 20T8gorists aligned with at least two prominent
models of consciousness applied their work to these findings (Integrated Information Theory:
Gallimore, 2015; Trmoni et al, 2016; Predictive Processing: Hohwy, 2013; For review: Swanson,
2018) Alsq structural biobgists characterized features important f&wSD signalingt the
essentiab-HTa receptor(Wacker et al., 201 Kim et al., 2020But in this current research and
theoretical effort, there is a major problem we wish to point out, and an alternative direction we
wish to describe.

If there were a short phrase that describes tlm®mmontheoretical stance towards the
effect of psychedkcs on brain function, itvould be allishallucination ” The vari ous per
effects that are said to characterize, for example, HSBi ngs | i ke “ti me di st ort
enhanced visual acuity, pulsating objects, vibrant celars all taken tde in the same category
as hallucinations in general include bugs crawling out of the wathr other strange visual
displaysln fact, nottoo much attention is paiéh eitherthe empirical studies an the theoretical
work as to whether thesubject has their eyespenor closedhboth states are considered nearly
equivalent.This approach is anchored in the concept that the bgenerateshe image of the
external world;in fact it generates all imagesternal images or imaginative images as well as
the image of the coffee cup out there on the kitchen table. Itinspther words, an implicit

acceptance of the theoretical perspective termeadirect realismthe world out there-the coffee
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cup withthe stirring spoordis indeed objective, but the image thereof is generated by the brain

and is somehow within the mind or mental sphetd ong wi th all other “inter
difficulty is that neuroscience has no model of how the brain and its neuaaslsnesreates or

produces imagest is simply a faith thatt doesHowi t does so is part of 't he
(Chalmers, 1995), for the image of the external world is replete with gdallee “ whi t eness”

coffee cup, the “clinking” o4dnddinbegin fag, theremis t he *“ &
nothing in our image dhe external world that imot qualia, one can argue this is the more general

statement of the problem: how to account for the origin of thmeage of the external world,

whether via a computer architecture, a neural net a mass of neurons (Robbins, 2.1

But this problem iautterly unresolved.Therefore it should at minimum caussome
suspicionthat the current efforton the operation of psychedelids theoretically ungrounded.
The suspicion could go further, for the indirect realsssumptiorncould be misdirectingat least
partially-the research questions that should be asked.

In this paperwewildescri be a model of p €1836/6912)i on bas e
panpsychim, and integrated wit h ecdlogicaldptics Ghisbjgimo n’ s (19
framework is a model ddirect perceptionand a model of the origin of the image of the external
world. It integrally incorporatescales of timén perceptionies these to (objective) action by the
body and thus to the veridicality of perceptiomxplicitly addresses the nature of the
“information” being processed by the brain (alw
theory), andelucidatesthe relaion of the brain tomemoriesthat make sense ofthe f | ood o f
information” into the brain featured in current psychedelic theorVinkelman, 2017)

Furthermore,it isthe only theoretical framework that explicitly describes the origin of the image
of the external wothid, ebseamtialgsanoptiealproblem.Namother theooy! e

does so; all otherdo make a quick and broad characterizatioely upa an implicit or explicit
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appeal t o emergence” (e. g., f rupan a paopsyghice x i t y o f

frameworkwhich, withoutbeingembedded n Ber gson’ s f or mhaldiscugs,anpsychi
is tnable to address the problem of the origiithe image of the external world.

We shallfocus only on LSD, for while there ateuctural similaritiesto substances like
psilocybin and DMTand likely similarities in causal actidhere are also such major differences
in effects that we risk datal mixture regardingclarity. For example Strassman (2001) noted
certain major categories ahe DMTexperienceandone of these, experienced consistently (and
in a few seconds) by numars subjects as though it were an objective reality with standard
features, i s a”wihthasubjsect beimg medically exdminednTis is simply not
a dimensiorof LSD.

There aresomewhat LSBimilarphenomenadescribedin the literature ont he “ Al i ce i n
Wonder |l and” syndr ome, but because there are per
the same mechanism underlying LSD is at wisldee crucialy, theseAlicephenomena(e.g., a
huge, outsized coffee cupday indeed be purdallucinations or perceptual distortions with no
hint of veridicality

Veridicality brings upnimportantaspectof this paper, namelywhat will constituteproof
for the theory presente@ Two people, A and B, both ingest 75 mcg of LSD, and both see the same
fly, at a new scale of timéoveringas a neamotionlessbeing its wingsbarely movingBothare
able toreach out slowlyat leisureand grasp the fly bgwingtip. Given that the action indicated
bythef | pearmotionlessnessvas indeed realized, ewould say this is a veridical perception,
in turn asignalthat A and B sharan objectiveworld. The indirect realisthowever,can say that
both A and B simply la—via some yet to bexplainedmechanism“internal’ braingenerated
imagegs(effectively hallucinationg)f the fly at this new scalén this indirect framework, the fact

that action corresponds precisely to the specified state of the fynmgicalcorrespondencea
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veridical h al | «avithinmimprinciplehypotisesisbehind this pnateh k being

only an ad hoc featuref the theory. Unconstrained due tdeing vagueand in the grips of the

hard problem,indirect realism canyet certainly make this assertion. This is inescapable.

Judgementvill then comedown toevaluation othe structuralconsistencyf the BergsorGibson

frameworkthat, a) describes a dynamical mechanism for specification of the image of the external

world, b) integrally incorporates a specified scale of time for the imagec) integrally ties the

timescaleto possible actionand logically necessitates thieeoreticd framework of this action

perception relationRegarding LSD, we shall argue:

A

Up to a certairdose the LSD perceptual changes areridical for example

increases in visual acujtthe slowing obrdinaryobjects(such aghe blades

of a fan orthe wings of a fly)increased spacinigetweenauditory events, and

others.

These perceptual changes are modifications of the scale of time at which the

brain is specifying the external world.

We believe there is a biochemical m8r this whichshallbe described.

As doseincreases, the brain is increasinglpeningto a flood from what

Ber gs on thewriuahe (611819, i.e., past experience.

The timescale changes tife perceptual image are intrinsic implications of

the BergsorGibsonmodel

Scaling with dose,” thWi fkdldodadmsonf2 0 In7)or m:
LSDmust be construedvi t hi n Bergson’s model of me mc
the modelof perception

CurrentFrameworksfor the LSD Experience

The Entropic Brain
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In a landmarlstudy,CarhartHarriset al. (2016)nvestigated the effects of 75 mcg LSD on
the human brain. Complementamyeuroimagingmethods revealedseveralbrain regionswere
highly activatedby LSDwell beyond resting state levels. Increased blood flow to the visual cortex
and a “ gr e a fuhcfionale comqmectivity epcbfile of the primary visual cortexas
observed, together with increased connectivity among brain regions associated with vision,
attention, movement, and hearing (i.e., the perceptuabtor regions) Decreaseatonnectivity
was dserved between thgarahippocampus and retroggiial cortex regionsassociated with
maintenance of the sense of self

CarhartHarris et al(2014, 2016proposedan” e n t rframeivarKfor the psychedelic
state LSDbreaks down or disrupts the organization of the braig normal intercommunication
amongareas increasing with dosedescendingo greater disorder(greater entropy). Aprime
focus of this proposalwas the default mode networkDMN) with its subsystem, thanedial
temporallobe (MTL) If disrupted, our tie to reality is degraded. This consegsanchoredwithin
aFreudiancontextd i st i ngui shing “pri mar y/ byvehichdsecorslaaycondar y”
consciousness tied to reality to the objective it is maintained by the fine balance of certain
major systemse.g., theDMN/MTLand theseare part ofthat breakdownnoted underLSDIn
contrast, pimary consciousness unconstrainedby reality; it is the consciousness of infaiaisd
seems to be very nearly, if not fully, hallucinatory.

For a theorydealing witha psychedelithat bringsabout large changem perception,
CarhartHarriset al.curiouslyuset he t er m “byt ence§2018)tThecsoufce of this de
emphasis is likely found in indirect realismh e “ def aul t mode” ednd current
its assumption lhat conscious experiences, including conscious perception and our experiential
image of the coffee cup on the table, are simply generated by the birathis frameworkthere

is no difference between internal imagery or hallucinations, and percepfibis. &-emphasis on
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perception (or its equivalence to dreams) is perhaps the cause of the subsequentplasiof

one of the main findingsthe perceptualmotor regions lighting up, wi t h i ncreased
c o mmu ni c Enis findimgsddesot fit with disorganization or an increasing entropy in/of
brain regionsand the authorsopted to assess thecreasedblood flow to the visual corteas
unreliable and argued these findings, essentially, are to be ignored.
The Thalamigsating Model
In anotherlandmark study Preller et al. (2019nvestigatedthe effects of 100 mcg LSD
on the thalamus filter systemThe structure of interestvasthe corticalstriatatthalamo-cortical
(CSTC) feedback loop, and the nodes of interest wergadlseerior cingulate cortex (PCCYhe
ventralstriatum (VS), thehalamus, and théeemporalcortex. The latter is associated with memory

“

and processing emotional and soci al informati o
create an abnormal flow of informitn into the cortex ando result incognitive disruption,
dreamlike experience, and ego dissolution
Preller et al. noted the PCC is associated with arousal, awarenessoatrdl of the
balance between internally and externally directed thought (20F8jlure to suppress activiof
thePCC s therefore associated with the (Pmller usi on o
et al., 2019)Importantly, the PCC is a core hub receiving information from other regions of the
DMN the medial prefrontal cortex and angular gyrtier example.
Theories of Consciousness and LSD
At least two prominent theories of consciousness were applied to thesgings.
Integrated Information TheoryGallimore, 2015; Tonoret al, 2016)is anetwork theory of
consciousnesand, by this, LSOwasproposed to loosen causal constraints as the brain regresses

toward entropy and chaotic experienc&dllimore, 2015Swanson, 2018). Howevéntegrated

Information Theoryis not a theory of perception, and has limited resources to explain how the
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relevant networks generate an image of the external world, relying implicitly on emergence from
the complexity of interactios.

Predictive Processing relies upon predictive hypotheses or priors that are projected
towards neural input from the external world (Hohwy, 2013). For example, the image of stirring
coffee is projected toward the optic and sonic information arising ftbm eventas it moves
“upward” (Hohwy, 2 0 1 ¥henthdreasmagnatchdetweanlthege apwérdva y s .
inputs and a downward prior, the downward overriddgse upwardand one sees a predicted
image. If there is not a match, adjustments to the péred image are made to minimize
predictive error (Hohwy, 2013). This viewpointhisoreticallypossible only becausePredictive
Processindpoldsthat our perceptsof external objects employ the same neural pathwagsour
mental images, our dreams, oualtucinations, and thathe ability of the brain to generate an
internal simulation or model is critical to operceptual experience®redictive Processinaffers
multiple avenues of tién to LSD and the hallucinatory framewpidut generally the “core
intuition” of Predictive Processingn this regardseemsthat “psychedelic druggsomehow)
interfere with established priors t hat nor mal |
(Swanson, 201,%. 16). YetPredictive Processirig not a theory of perceptionit has no actual
theory of how t he Hhallacinatory;irgaginagy orgpereestual, or ite prigre s
for that matter, thoughits essence again, in regard to L&Dhat all is a form of hallucination.
Contrandicators: All ifNot Hallucination

Our understanding of the alteration of perceptual experienogler LSD reliesbviously
uponsubjective reports. But it reliesquallyuponhow these reports are interpreteénd worse,
howthey are routinely described. The standard mode of descriptmri.SD experience is canted
in favor of the hallucinatory framewor&nd isreflective of the default philosophical base arf

indirect realismWhat we see, as generaéscriptorsof the LSD effes, are:



LSD AND PERCEPTION 11

A Impaired sense of time

A Distorted perception

A Euphoria

A Feelings of detachment

A Delusions

A Visual hallucinations

But “impaired sense of time” andthdtwhiclsual hal
is reported For example, an LSD user commented:

You see the same world, just differently. There are no unicorns or dragons. It's subtler

than that. Rooms seem &hrink and swell gently, as if breathing. Your face changes subtly

as you look at it in the mirror, facial hair appears to grow before your eyes, and clouds

look like they fold in on themselves as they float across the sky. Visual acuity is increased;

it is easier to notice and follow birds or insects as they fly, for example. Aural acuity too;

you notice parts of songs that you never have before (and that are still there when

listening sober)You don't actually see things that aren't there unless you takery high

dose. (Koben, 2014)

In other words, this LSD user experienced altered perception and not necessarily
hallucination. While the degree and formthis effectwould dependobviouslyon the dose, this
view of altered perception is reinforcedbyh e cur r ent t r eRifldn, Maravet,&i cr odo s
Colzato, 202D A microdose is less than &g or roughly onetenth of the recreational SD dose
Microdosinghas beerallegedto increaseproductivityamong those in the information technology
industry (Solon, 2016gnda report on time perception changes induced by LSD microdbsisg
cautiously interpretedsuchfindingsasan enhancement of selective attention (Yanakieva et al.,

2019). Greater visualacuity caused byan LSD microdosis reportedby anecdote(Hawk, 2018)
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and, at higher dosesin the literature (Carlson, 1958)Author Michael Pollan remarked the
necessity for glasseanwane during some LSD experiendés,glasses becoming necessary only
when the effects of the drugrearoff (ITV News, 2019 hesereported increasein visual acuity
can be interpreted as real, and in need of explanation.
The “impaired sense o fobsturethenaturgdithahshelois ogy may
reported. According to a young woman who ingested 6@@ LSD for a period of months:

..time sbwed so much that | could hear each individual rotation of the blades from the

fan in the corner ..(a)fter a few hours | regai
a |laptop |I"d set up nhext to me. Timel was so
felt not hing from it; by the time one note |

longer functioned like music to me. (Aella, 2017)
This slowing of auditory events, for example hearing eatdtion of a fan,may include
the slowing of speecltommon to LSD reports, during which each spokend seems far in time
from the previous IWwoWedMalbarbe, 1353; daffer et al.,”1978; IGawkld e
1981). Thesare coordinatewith the slowing of visual experienethe birds flyingmore slowly-
or in the experience of one of the authpegs buzzing fly’'s ndecanangl y bl urr

distinct At this point, we shall argue:

A These altered perceptions are veridical, at least as veridical as perception can
be, for perceptionis always anoptimal specificatiorof the external world.

A These effectsfans slowing, flies slowirgre timescale transformations of
the specification of the external worldand a function of the chemical
dynamics involved.

A The visual acuity changes are a natucarrelated effect.
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A These are not hallucinat or ygeneratbrect s, no
of hallucinatory images.
Since these effectsiust scale withdose approximate categories are:
A 1050 mcgdoses at this level weshall argue there isstraightforward
perception veridical but withthe timescale transformation to be described.
A 50250 mcgdoses at this level weshall argue the perceptual timescale
specification is still veridical, howev#rat the brain allowsfor increasngly
more experience from the pastrom what Bergsoif1896/1912% er med “t he
virtual’—and that the perceptual timescale specification is still veridical but is
increasinghyivorcedfrom possible action in the external world
A 251-600+mcgdoses at thislevel weshallargue there is verijttle correlation
to possible action and veridical perception (please note, in @8-mcg
experience mentioned abovey Aella 2017, the perception ofseparate
rotations of a fan would be consideredveridical, however the overall
conscious state of the subject seems flooded by her inner experience).
The BergsorGibson Model of Direct Percejan
Without a theory of how the brain produces the image of the external world egdally,
how it “ gener at(itsattually ddesgenerate thehansulgjestanatter like LSD

that deals entirely witlthe transformations ofimage or t he experience of S |
certainly ungroundedThisis not far fromtheoric ng how a radi o “generates”
in French, or playshe Ninth Symphony orock music, all inferred by a research method of
breakingvarioustubes, floodingthe radiowith electricity, using aneasuing device to see what

“1 1 ght s urpanipulatonswhent theee ris no concept of radio waves or broadcasting

stations.
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Asnotedearlier t he origin of the image of the extel
taken in the somewhat misdirecting ternfeamed by Chalmers (1995), namely in tes of

“qualia; there is nothing in the image that is not qualiacludingthe multiple formstables,

chairs, curtains, buzzing fiesh at f i | | Pt l ndeed, Hardcastl e’ s
“.the conductor waving her hands, the musicians
and the curtains gentlyandewsos | i ght |y waving..” (1995, p. 1)

Here we seéorm as qualia too, in fact, dynamically changing form, for all qualia exist only

over time all qualiaare dynamic. We stress this to remove the static mindset that prevails on

gualia and its exampleth e redness of the sunsethecausdhe “whi t
LSDexperience should have taught tisat underlyingeven theseseemingly staticolorsare
extremely dynamic, vibrating fields. But the experientiahgeof the orchestrahat Hardcasfle is
describing is entirely qualia, especiallydigamic qualitatively changing formsvhich are jusis
non-computable as the colors and sounds. It is the image of the external world that must be
explained!
We knowthatforHar dcastl e’ s orchestral i mage there
brain.Neuroscience has progressed well beyond this concepitianin some slice or area of the
brain's neural mass itself, as though the neural mass is a photographic film, we camiettlisg
even vaguely resembling the image afi orchestra Bergson(1896/1912), entertaining this

guestion of the origin of the perceptual image,equallpt ed t hat no “photograph?”

world is taken by or will be found in the bralyt hewent further:

'Her e we anticipate discussion of Bergson’s mode
violins, the soft redness of a suns#fiese are functions of a continuously developing field, an

indivisibled evel opment wher e, |l i ke a mel ody, each not e
and wherethe state ofeach is the reflection of the entire preceding sef@&sorganic continuity.

The computational model, predicated on discrete statd®ere, as each current state is

instantiated, the previous state no longer exisnnot capture this organic development.
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But is it not obvious that the photograph, if photograph there be, is already takeady

developed in the very heart of things and at all points in space™i@physics, no

physics can escape this conclusion. Build up the universeatdths: Each of them is

subject to the action, variable in quantity and quabiycording to the distance, exerted

on it by all

ma t e r icanters aftfoccen The linBsrof farcg emitted Far ad a

in every direction from every centdrring to bearupon each the influence of the whole

material world. Call up thkeeibnizian monads: Each is the mirror of the universe. (p. 31)

ThiswaB8er gsewc’!l &ration, 51

y ear s thHatthe oniveseGabor ' s

is a holographic fieldhat at evel point in the universe is the information fahe* p hot ogr aph”

of—the whole. Butunlike Pribram (1971) or Bohm (198@gergson saw the braias being (or

creating, supporting) a modulategconstructive wave passing through this holographic field

(Figure 1).The neural processesaction potentials, neural spikes, etseen currently as

supporting® comput ati ons

waveform(Robbins, 2002)

Figure 1

Modulating theReconstructive Wave
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Reconstructing wave set
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Viewer
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Reconstructing wave set

—_—
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Note.The pyramieball or the cup are specified by precise modulation of the

reconstructive wave fromyor f, (Robbins, 2006).

participant



LSD AND PERCEPTION 16

Thisbrams upported reconstructi ve wanfoatiors “speci
within the holograghicfield (a vasffield ofinterference patterning that inon-imageablé andthe
subsetspecifying wave is effectively dni ma g epbrtion df theafield (say, a coffee cup with
stirring spoon.

Driving the modulating patterns of this wave are tinwariance laws of Gibso{1966,
1979)which define these external eventsor examplesome of the informationdefining the
event of stirring coffee is

A Aradial velocity flow field over the swirling surface.
A An adiabatic invariant (energy of oscillatifreéquency of oscillationjelating
to the periodicity of the spoon (Kuglé& Turvey, 1987)
A Aninertial tensor (Turve§ Carello, 1995) capturing the angular momeafa
the spoon and defined over kinesthetic flow fields of the handarm.
A Atexture gradient (Figure 2) defining the table surface and supporting, as
one’s head moves, an invariant specifyi:@
A Flow fields defining the form of the cup (Figure 3).
Figure 2

Texture Gradient
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Note. The horizontal distance between texture gradient elements is8d. The

vertical distance between texture gradient elements.is 3/d2. The size constancy of

the cup moving across the gradient is an invariagt, N, as the vertical height over

time is inversely proportional to the number of texture unit rows (N) occluded (Robbins,
2006).

Figure 3

Velocity Flow Fields

;‘:::.':':'F-*‘ oV
% %
/\/'./\, Bt
AN S
P A C])
N T~

Note.Left, a flow field in which the velocity vectors increase inversely with the distance

from the eye or v 1/d2. Right, the flow fields defining“&ibsoniafi Cube (Robbins

2004).

This “invariance structure” defextermidielbver the
is driving/modulating the specifying reconstructive waibson (1966) argued this (invariance)
information, e.g., the texture gradiemt f the tabl e, is “specific to” d
into-the-distanceof theexternale nvi r onment (t he table’ s surface),

“r esonat iinfognatiort (ice., theneiissno image within the brain). But to make sense of

the (optical) origin of the image of the external wotttie image of the coffee cup on thable,
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eg—Gi bson’ s (le66)mostanbe” pl aced within Wigersgson’ s fr
as a holographic fielaith the resonatingorain effectively a reconstructiwvgave passing through
andspecific toan aspect or source within the fieldow theimage of the cup, swirling surface and
stirring spoon.
What we havethus far,is a model of direct perceptip and direct realism. Theoffee
cup i s preci s el”withih théfield. & is hot an grege svithin thierain,snorin
some ment al sphere or dimensionthisisootanase it “ger
realism: the specified image, due to intrinsic uncertairt@te sourceof uncertainty, we shall
see, residing in the nature of the flow of tirie always anoptimal, i.e., a probabilistic
specification of events within the field.
The Resonating Brain and the Quality of Form
The concept of an al way s forfuaderstandira lbothshpwe ci f i cat
there can be a direct but natnaive realism, and how there caniliasions(whichindirect realism
seizes upon as proof that gierceptsof the external worldare like hallucinations generated only
within the mingd. The specification of form is illustrative.
We canimagine a rotaing cubefor whicha series of cartoon framed this rotationis
created slice by slicdf a computer programvere tasked with computing this form as it rotates,
examining frame after frame of the cartoon seri
cubeeach vert ex, —friorhfeameta fbame, ise.it mubtgrackthe correspondence
of features fromframe to frame to maintain the identity of the cub& hi s “corr esponde
problem” was eventually deemed intractable by pe
Currentperception theory sees perceived form as derived from velocity flow fields (Figure

3) in conjunction with Bayesian constraints. Adelson and Bergen (1985) described a general class

of low-l ev el model s based on l i near filters known é
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Watson and Ahumada (1983), for detecting the elements of dynamia.fdhese are addressed
specifically tahe detection of direction and velocity of motion, for exampdsan edge of a cube
transits the visual fieldThey are an evolution frorthe correlation filter (Figurd) of Reichardt
(1959) for motion and speed tkrtion, and there are significant formal connections to it.
Figured
Reichardt Filter or Correlation Model

S

3
|

— S 545

Detectors

At At

t, t,

Note. The filter has two spatially separate detectors. The output of one of the detectors
is delayed and the two signals amaultiplied. The output is tuned to speed. Many
detectors tuned to different speeds are required for the true speed of a pattern, and the
difference of pairs of detectors tuned to different directions is taken (Reichardt, 1959;
Robbins, 2004).

Figure5

The Aperture Problem
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Z

Grating

b

Aperture

@

Note.The card with the grating is moving to the right and passes beneath the card with

20

the circular aperture. The ends of the moving lines are now obscured and only the

downward motion of the lines is seen in the apertuRnpbins, 2006).

Another piece of background is needdle receptive fields of the energy model filters

ar e

due to the limited view of each field. Figlsshows the problem. The card with the lines is moving

i nher enantthusthavelaities af theeflow cannot be estimated with certainty

to the right, so the card and its lina@stuallyhavea horizontalvelocity. But when the card gaes

under the limited aperture, and the ends of the lines are obscured, only a downward motion is

seen.The aperture forces an intrinsimcertaintyin measuring the actual velocity of the lines.

More generally, this indicatethat measures of velocitypy the visual systenare intrinsically

uncertain as well Therefore the integration ofmultiple uncertain individual velocities must be

inherently probabilisticAt this point of integration Weiss, Simoncelk Adelson (2002) inserted

their fundamental, probabilistic (Bayesian) constraint, i.e., a probability estimate using a prior

assumption about the nature of the world.

The

fundament al

constr ai

nt

S

e dimplgn

mathematical constraint in their Bayesian modahdthis model explains aery large array of

“i I | uBue o imkererit measurement uncertaintglper cept i on,

ver.i

must be viewed as aoptimal perceptbased upon the best available informatidfor example,

when appliedto the velocity fields defining a narrow rotating ellipse (Figdyahe violation of

t his

“ s | ow omsmatht eads mtloetspetification ofr nonrigid, floppy object if the

i s s

di cal

(0]
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motion is too fast (Mussat. s il lusion; Mussati,
flows, ortheir violation, that determine the rigidity of the form.
Figure6

A Narrow Rotating Ellipse

Note.The normal velocity components (right) of the edge of a rotating ellipse (left).
These tend to induce nengid motion (after Weiss and Adelson, 1998).
Figure7

Rotating Cube

Arhythmic, Out of Phase

< T

Rhythmic, In Phase

Note.The cube is strobed in phase with, or out of phase with, the symnpetripd

(Robbins, 2004).

I f we were to consideube,rbohasi hgr mnGbkbsomean

of velocity fields. As each side rotates into view, an expanding flow field (Bpisreefined. As
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eachside rotates out of view, a contracting flow field is defined. The top of the cube is a radial

flow field, and the* ed ge s and v ert iofctkescubedrd now sharp “ f eat ur
discontinuities in, or junctures of, these flows. The implications of thisrawealed by a
demonstration discusseth Shaw and Mcintyre (1974ggardinga rotating wire-edged cube
(Figure 7).

A cube has aatural symmetry period of foufit is carriedinto itself every 9@degree
rotation. ymmetry, it should be understoods invarian@; thus,an equilateral triangle would be
carried into itself every 12@0egree rotation, or a symmetry period of three. When the rotating,
wire-edged cube is strobed in phase with or at integral multiple of its symmetry period, it appears,
indeed, as a cube in rotati. But when strobed oubf-phase, it becomes a distorted, wobbly,
plastic,ornonr i gi d object. -dubet"hicsaswobbtlhye “cnoontstr ai nt
violated via the arrhythmic strobe is theregular form displays a regular periodicityime. The
strobe is essentially taking snapshots of the gueethese snapshots are not sufficient to specify
the rigid cubical fornone mightexpect; they are not sufficient to specify the straight lines, straight
edgescorners,or verticesany ofthestandards t at i ¢, geometric “features”

In terms ofhow this plastically deforming cube can be an optimal specification of an
object preciselyithin the external fieldwe can visualize the u b ®tatisn as a vastlgpread
out four-dimensionalstructure consisting of a vast set of instantaneottgee-dimensional
snapshots of the cubeFrom the perspective ofan omniscient observerno singlethree-
dimensionalsnapshot fails to have perfectly straight edges, flat sides] sharp vertices.
However the brain is not an omniscient observer; how this structure is ultimately specified by the
brain—given it can onlyapply constraints to flowing fieldanust havea degree of latitude.

Likewisewe can viewthe precise specificationf the pyramidball or the cup (Figure 1) via precise

modulation of the reconstructive wave tedr f.. To an omniscient observesho knowsprecisely
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what interference patterns (object wave plus frequency of the original reference wave) are stored

onthehol ographic plat e, e dowevers ibaeonstructiveamavdlain i s C ol
is acompositeof f; and fwere beamed hrough the plate now specified is a fuzzy pyramid
ball / cup “object” as t he s ousotoespeakfelativeniahatwav e f r o
whichis stored in the plateyetonly illusory from the viewpoint of an omniscient observer.
Time in the BergsoiGibson Famework
The plastically deforming somewhatcube is therefore an optimal specification of
transforming sources within an ew&ansforming external field (Robbins, 2004). However, the
nature of timetransformation in this framework is a separate and deeper source of intrinsic
uncertainty (Robbins, 2000, 2013, 202Br explanation a distinction must be drawn between
the spatial orclassicmetaphysiethe framework for calculusand classicalphysicsand the
temporalmetaphysic of Bergson. At the base of the classic metapig/sin abstract, infinitely
divisible fourdimensional space of points as positions, in which time adahgh dimensionis
an infinitely divisible dimension of instagteach corresponding to a point of an object in motion.
In other words, the motion of an object from point A to point B is an infinitely divisible trajectory
of points between A and B and their corresponding instances. However, this implies an infinite
regress: between each pair of static, immobile points, a new line of points may be introduced,
itself divisible to more pointad infintum To Ber gson, this was an “absi
movement is made of immobilities” (1907).
Therefore, Bergsoargued motion must be treated as indivisible (68912). Or rather,
when an object moves from point A to point B, the field is equally transforming indivisibly and, in
equivalent terms, nostifferentiably (Nottale, 1996). By this reasoning, transformatiannot be
a series of discrete, static instangnd, given the fixedness of an instant concerning the cube, one

can derive fixed, determinate valuésr the velocity of the cube. Or rather, at every interval of
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time, no matter how minute, the cube is alging. Ifnot, a static instant with determinate values
would freeze not only the cube but the entire Universe (Lynds, 2003). This may be an elementary
tradeoff: intrinsic uncertainty for change (Lynds, 2003).

The indivisibility of théolographic field s t r a n dniplies amaetmaoropnopertya

form of primary memorydefined overthef i el d’ s mot i on. I'n this indivi

instants” fall i ng-exiseric®as thdflghoveshysarnd the dpdomtissthe nt o
coffee. This property allow®rt he speci fi c&t r e a anoektgnttohteefpdstp a st
transformation of the field(e.g., a portion of vast history othe wingbeats of the fly All
perception then islready anemory-a specification othe past of the external fieldreswe again
vergehereon the source of the hallucination/illusion conceptidmyt the specificationwhether
a rotating rigid cube, a wobbly kimuf-cube, or a buzzing fiys an optimal specificatioof the
exter nal ardisas edidical ang abfettive, though probabilisticpassible.
.SNBHaz2yQa tlyLA&OKAAY

Bergson framework is a form of panpsychishich maintains that perceptions are
experienced as qualia and are nexperienced by a Cartesian soul or Cartesian subject of
consciousness he holographic field, where the state of each point/instant (at the most minute
possiblescale of timeyeflectsthe states of all other points, has then a very elemental awareness
defined across the whole. Because the field is transforming indivisibly, an elementary property of
memoryis definedacross itas well. The brain can then be seen as specifying a timescaled form
of this elementary awareness from a specific spatial perspedthvat of the body)At the null
scale of time, the body is natuly distinct in the fieldfrom, say, a flyAssuccessive scales are
specifiedHly asacloud of electrons, then a motionless, crystalline, vibrating being, then a heron

like beingslowly flapping its wingghenabuzzing, blurredving being of normal scaleubject is

non

differentiating from object,and he meani ng of Ber g*“Quoestionselaggngi nci pl e
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to subject and objectto their distinction and theirunion, mus be put in terms of time,rather
thanofs pace” (1808.6/ 1912, p.
And unl i ke B e r g s mditiorsal panpsycphismsufférs $ram, thet

“combinat i”on Cprad bnlee rm mate2aHidldcpnsists of tinyprbt@conscious

“particles,” then how descmbinewhettemirgmiceotulautesin of s uch

the neurons,in the mental,orin“ s o me wHodarmethe experience (the dynamic image) of
the coffee cup, the swirling liquid surface, the stirring spabe buzzing flyandall at a particular
scale of tim@ Panpsychism, unmodified, has no mechanism to explain this image. When the brain
is seen as a reconstructive wave passing through(ti@apsychicjield, specific to a source at a
scale of time, the panpshic framework now has a dynamic mechanism for exatian.
Perception and Scales of Time

Gibson (1966) invoked a resonance conception of the brain because hthatathe
neur al mass i s required to be somethingeli ke
darting back and forthisolating invariantsor whether the field itself is transforming like the
rotating cube. Just as the edges and vertices of the @re simply discontinuities in these flows,
i . e.., they are invariants that cannot exi st
(continuous, indivisible) flows, there ¢annot
either. Rdher, there must exista resonating mass over which these invariants can exist, or
equally, which is supporting or reflecting the invariance structure of the external eunt.
Bergson’ s tfhn amé w eomiprisesanvere concreteand dynamiaeconstructive
wave. Importantly, thisis not anabstract wave or resonancesuch asa dynamical systems
characterization with attractors; by concrete we mean as concrete as the vibraticmmetal
plate uponwhich complex sand patterrese formed as conaete as the vibrations of thevood of

a guitar,andas concrete aawave of lighthat passes through a holographic plate.

I €

as

b e
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In this concrete model of the brain, where the biological mass forms a reconstructive
wave, biochemical dynamics must play an imgit role in the specification of the external world.
Underlyingthese dynamicsand the wavethey creatg are chemical velocities, anithese
determine thescale of timeat whichan image is specifiedlhe concept of chemical velocity

expressed in one form by the Arrhenius equation (Laidler, 1996):

k = Ad &/RD (1)

HereAis a constantRis theuniversalgas constantT is the absolute temperature, and
E is theactivation energyr rather, theminimumenergy required to initiate a chemical reaction.
Anincreasein temperatureraises chemical velocitand Hoagind (1966) noted the slowing of
experienced time is common to fevershe temperature dependence of neural conduction
velocities is common to many specig&qy Hill, & McCormick2012; Fillafer & Schneider, 2013
andtemperatureeffectsare among the physiologicathangesnduced by LSD (Clark, 1987). These
effects includehyperthermia (Liskow, 1971; Hashimoto et al., 1977), and a biphasic effect by
which LSD lowers temperature for a short period, theoreases temperature and sustains it
abovebaseline for a matter of hours (Rodriguiz et al., 2021).

At our normal scal®f time, a fly is arelidsseparae wing beatafi ng” ,
which there are roughly 200 per secerateindistinguishablePresume, as proposdry Hoaghnd
(1966),that a catalystwere introduced for the slowed experience of time in the context of
Equationl. As the chemical velocity increases, the wingbeats of the fly would slow gradually,
become distinguishable, and at sopeint, the fly would be perceivedsflapping its wings lika
heron. Such gorinciple wouldalso holdfor the bladesof a fanor for the sounds of a sentence,

mentioned above.
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We should note this is already am-principle question. That is, if simply a change in
temperature canalter the dynamics of a system, wouldature not have had to allow for this?
This points to the significan:inelatvity,plysiclavs n’ s i nv a
are invariance laws; they are invariant to changes in the sfiae partition. The same lavior
distance (d =vtholds in eitherS,the stationary syste, or in S 'the moving systeng d *° with vt ’ )
its altered space and time unitSotoo, inchanges of the perceptual spacetime patrtition, it must
be invariance lawdaws that hold in all partitionghat specify perceived events.
Asanexample t he aging of t he finownoaral sgale offimel e i s a
Theagingis specified by a strain transformation applied to a cardioid form fitted over the skull
(Figure8). The same la\strain/cardioid)would apply if the agingwere sped up, sayto a head
very rapidly transforming, and thiaw (information)would be utilized by the action systems to
modulate the hando graspthe rapidly changindpead.
Figure8

Aging of the Facial Profile

Note. A strain transformation is applied to a cardioid fitted over the skull. A few of the
facial profiles generated along the aging dimension are shi@gwdapted from Pittenger
and Shaw, 1975)

Figure9
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Note.Transitions of a cube through serratedged figures of 4¥bld symmetry(Robbins,

2006).

Take a cube and spin it increasingly fastéinen viewed from abovéFigure 9)the edges

will pass through a series of serrated figures withfdld symmetry (8edged, 12edged, 16

edged, etc.) and finally unto a spinning cylinder with a fuzzy haze of infinite symiggrting

from this spinning cylinder, the oppositeould be affected byintroducinga catalyst of the

relevant kind, and the cylinder would reverse through successive figuresfoldiBymmetry (the

invariance law)and finally, with sufficient catalystto a motionless 4ided cube.The

cylinder/cube, under the effect of the cataly$s,specified according to an invariance law, and

thishasnot hi ng t o

do with

an

|l usi on”

or hal

The Reichardt filter (Figue§ was an early model for the detection of motion concerning

this line of conceptual development (i.e., velocity flowspresented by Weiss et al. (2002). Its

simple structure is convenient to frame this starting point of the perception of form and its

relation to time. Each half of thegiRhardt filter is tuned to a particular velocity dependent upon

At ( B)ilighe reeeptive fields of two detectorsweomec e nt i met er

atpame t

second then the filter would detect an object moving ahe centimeter per second, but not at

five centimeters per second or @ haltcentimeter per second. Of course, aayalogy between

the Reichardt filter and the human visual system would require a large array of these filters, tuned

to a spectrum of different speeds and oriented to many directions.

ucin

and
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Via the Reichardt filter analogy, the beating wings of &fll200 cycles per secoi@ould
sweep up and down a particular detectpair tuned to the velocity of the wings (in the downward
direction). Another detector pair would be needed, oriented to the upward direction, to register
the reversemotion of the wings. Ifomerate of firing of the detectorswere assumegdsuch as 10
firings per secondjue to constraints ortheir chemical baseghe wings of a fly may appear as a
blur.

However, if thed e t e adtemfrfisng were increased to 5Bingsper second, or to 100
firings per second, such that the wings afly were distinguishable, then in these cagsbe fly
may appear like a heronThese increases (firing rateconduction velocies, etc.) wouldbe
required not only in the detector n e u rbot alsodlong thepaths whichcomprise at least the
visualmotor system, so that no bottlenecksee ncount ered (a “bottleneck?”
signals at 200 per second arriving at some processing node set at 10 per s&¥hetherand
how LSDxanincrease rate processes on this timescaleempiricalquestiors, and the following
sectiorsdescrile amethod to answethem.

A Biochemical Framework for the Bergsdaibson Model

An overviewof the biochemical framework for the Bergs@ibson modeldescribed in
this section and the nexis:

A Nearequilibrium thermodynamicsare an emergentcontext for the
action potential (Heimburg, 2017), for biochemical oscillations (Thoke et
al., 2018), and are proposed to bevantto cognition Perez/elazquez,
Mateos, & Guevarkrra 2019. Thisperspectivechallenges the prevailing
view ofhighlydissipativecellular processes

A The influence of an effecta, such as LSDypon the cooperative

interaction of many other ions and molecules nearequilibrium, is
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bert Li Angldction hymothesiglingg 198).0 n

Asimplecartoon model is shown in Figure 10.

A We proposethat LSDby way of arelectronic inductive effegimpartsa

small quantity of energyo the nearequilibrium dynamics of the brain

Accordingto the associationnduction hypothesisand by way of LSD

receptors,this manifestsas large changes tocooperative behavior and

therefore, changes taate processesn the relevant timescale

Figure 10

Biochemical Oscillations and Cooperative Adsorption

| R |
ATP D ATP
ATP

Note.Left, acartoon polymer onto whiclspecied is adsorbed in the presencd ATP as

t he *“ ¢ adsodbenhTahl e

adsorption

S

“coopextr ati ve”

neighbor effecsmall arrows)successive adsorptions proceaday from the cardinal

adsorbent The polymer may interact with no cardinal adsorbent (middle) or with an

alternative cardinal adsorbent, such as ADP. For simplicity, other adsorbedsspezie

or
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not shown, andhe cartoon does not describe conformational changes torttiddle

polymer in the absence of ATBecause¢he A Qatomeuprightwhen adsorbed, the

orientation ofi would representa quantifiable physical state exhibitingeriodicity. The
time moving from the cartoon on the left to the cartoon on the right, in the recurrent
presence of ATP, represents the perascillation.

Severabbservationappearconsistent withthe hypothesizedncrease irrate processes
Theseinclude: the aforementionedtemperature changesthat are straightforwardly related to
conduction velocitythe repeated observation of asphawave frequency increadey LSOFink,
1969; CarhartHarris et al., 2016),reincrease in the frequency of model nervous systéammsSD
(Wright, Mocrhead, & Welsh, 1962), the enhanced release ofhe glutamate by LSDand
subsequentncrease in thérequency of EPSPs and ER®tischamp éal., 2004, the promotion
of social behavior by LSD thegtquires excitatory neurotransmissiobut not inhibitory neurons
(De Gregorio et al., 20219nd an increase in specific and nonspecific currents by LiSiianal
cultures (Aghajanian & Lakoski, 198arker, Panicker, & Miledi, 199Garratt, Alreja, &
Aghajanian, 1993healphawavefrequencyincreaseis particularlycompelling, as the 10 hertz
rhythmisdeemed to bea “ f u (GarciaRithét al., 20169r carrier wave for the brain and
scaledwith temperature (cf. GarciaRill et al., 2016plus above example by Hoagland, 1966
Becausdrequency and amplitude argversely relatedthe alpha wave frequency increase
usuallycontextualized as a loss of pow&grhartHarris et al., 2016Swanson, 2018).

Recently several reports haveuggestedthat the action potential (Heimburg, 2017)
biochemicabscillations (Thoke et al., 2018), and cognitfBerezVelazquez, Mateos, & Guevara
Erra 2019 may profit greatly from the perspectiveof nearequilibrium thermodynamicsby
which low energy inputare able tosugain and affectproperties that are scalmdependent(such

as, global oscillationsfrromthis perspective, it is important to recognitieat livingtissuesare
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colloidah.e., responsive hydrogslwith an ordered cellular interiefand therefore can resist
thermalrandommessto an extent not generally appreciatétbr review: Bagatolli, Mangiarotti, &
Stock, 2021). A helpful example is that of a pendutuma clock, which can oscillate due ite
rigidity of form (Thoke et al., 2018)r oscillations in gelatinvhich shawe similarities with the
normal human alpha rhythm (Adams, 201Thisnotion of living tissueas a gelike network,
operating neatequilibrium,isrelevant tothe thermodynamic properties which govern the neural
impulse (Drukarclet al. 201§, andto the influence of LSD ovéaulk-phase dynamics such e
disappearance of the nucleolusdyer & Fbys, 1970, the migration of melanigranulegKemali,
Milici, & Kemali, 1983), anthe assembly and stabilization of microtubules (van Woerkom, 1990;
Lew, 1995).

Seeking a general principdé coupling severalecentreportshaveapplied orreferredto
Gi | b e r(1984hassac@tiodnduction hypotheds (Thoke, Bagatolli, & Olsen, 2QIBhoke et
al., 2018; Begarani et al., 2019Isen, Stock, & Bagatol2020. The associationinduction
hypothesisis a statistical mechanical model for the coopera@dsorptionof ions, water, and
other molecularspeciesnear-equilibrium, under the control of a smaller numberof“ car”™di nal
adsorbents Figure 10. For example a single molecule of the cardiac glycosa@bain as a
cardinal adsorbentcanaffect the adsorption potentiafor over 1,000 amino acids (Ling, 2012)
Ouabain camalsoaffectthe extent of water relaxatiom living cellsiramatically(Olsen, Stock, &
Bagatolli, 202Q)We proposethat LSCfunctions asa cardinal adsorbentgenerating cooperative
interactionsand therefore, change® rate processesn the relevant timescalé.e., that of the
Reichardt filter analogytherebytyingthe “ concr et e n e s s "to oorfperdeptualc he mi st r
model.

In contrast to familiarenzyme kineticgrounded inthe law of mass actiorand active

conformations, theYangLing adsorption isotherm is informed by nereighbor interaction
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energiesand is gneral (Ling, 1984 Thoke, Bagatolli, & Olsen, 201®r rather,the isotherm
recapitulatesnon-cooperative as well as cooperative effects, such as the binding of oxygen to
hemoglobin that isusuallydescribed by the Hill equation (Ling, 198REcently, he YangLing
isothermwasfound consistenwith the kinetics ofglycolytic enzymes highconcentrations of
polyethylene glycopresumedelevanttot h e ¢ e | | geHike mtermnfToke] Bagatolli, &

Olsen, 2018 Theisotherm is(Ling, 1984)

_ I8 g- 1
[pi]ad_ A +
J(&,- 9% +4e, expg RT)

(@)

2

@D @ @

Here[ i dis the concentration of théh species adsorbed onto [jumber ofsites as
opposed to a alternate speciesj. R and T are the universalgas constant and absolute
temperature,respectivelyandy is the important nexineighbor interactiorenergyor rather, the
free energy required to create one mol ipfneighboring pairs such that a change frdm- iji
entailsan energy of' (Ling, 1984)Notably, the ultimate term of the denominator ié the same
form as the activation energy Bquation 1 and5-HTreceptor bindingrequiresthe cost of such
abarrier (Noller, Kienzl, & Riederet98). ey is the concentration ratio of nonadsorbédndj in
solution with the relevant, adsorbing macromoleculeultiplied bytheir intrinsic equilibrium

constantK (Ling, 1984)

_ [p]
= | dfree K 3
eo [p] ]free ( )
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Theexchange of one cardinal adsorbent for another, such as ATP folLikigP1984)or
in this case serotonin for the othert3T receptor analogs, may shift the nedighborinteraction
energy inEquation2 from* to ! ¢, where! ¢ is the nextneighborinteractionenergy in the presence
of the new cardinal adsorbenBuch an exchange may also shift the intrinsic equilibrium constant
in Equation 3from Kto K, whereK:is the intrinsic equilibrium constant in the presence of the
new cardinal adsorbenin some caseghe replacement of one cardinal adsorbdoy another
will lower ! in Equation 2 tathe extentthat the system becomes autocooperativiee., each
adsorbed species of a particular kind increases the probabiliiurttier adsorptionfor that
speciesA general scheme of this proposal in relation to LSD is shown in Figure 1

Figurell

TheBiochemical FramewoiRroposed

LSD

%
p—

flt

*
Fraction i (adsorbed)

ATP D CATP : ,
ATP Concentration i (free)

Note.Left,a cartoon polymepnto whichspecied is adsorbedn the recurrentpresence
of ATPThe addition of LSD, by wayasfelectronic effect(lightning bolt) and its
relatively long residence time (Wacker et al., 201¥proposed tdower the next-
neighbor interactiorenergyalong the polymerdescribed by the parametsrin

Equation 2Under the influence of LSD, a greater fractiomisfabsorbedFor simplicity,
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otherimportant adsorbed speciesuch agin Equation 3r serotonin are not shown.

Right, theoretical curvefor the fraction of i adsorbedonto [f] number ofsites

calculated according tBquation 2 Thesolidcurveon the graphcorresponds tdahe

most negative value ofin Equation 2andto the autocooperative adsorption af The

dashedcurvescorrespond tomore positive valuesfy. Each curvenayreflectan

oscillatory frequency in the physical statei ¢§ine waves)represented by the

orientation ofi or by the presence of an asterisk the cartoon, andlefinedby the

parameterh in Equation 4.The cartooris generaln natureandis not intended to imply

that LSD receptors are regulated directly by Alfiegraphwasadaptedfrom Ling

(1984) andvasproduced in Desmos (2020).

Furthermore A @rdle thay be considered metals of the neural impulse a@nmportantly,
models of ion adsorptioat equilibriumareformallyequivalentto conventional treatments of the
transmembrane potential (Ling, 198&amagawa & lkeda, 2018). For this reason, action
potentials may be conceived as “al l or none”
electrochemical pulsefor which selective ion permeabilities art required (Heimburg &
Jackson, 2005; Heimburg, 201¥jnimally, this would allow for the reinterpretation of LSihd
serotonininduced potassium conductance when implied by the Nernst equation (Aghajanian &
Lakoski, 1984). More generallthis allows for the tying of manynd ostensibly unrelated
observations into a coherent biochemical framework. For example,otteervationthat LSD
dramatically reduces inward calcium currents and increases rectifying potassium currents in
central neurons (Penington & Fox, 19945D impads a similar effect tcan unrelated model
system(Parker et al., 1990)and these data would appeardifficult to generalize toany scale
independent perceptual model.Giventhe associatioinduction hypothesishowever, these

data—as well as the observatn of enhanced glutamate releasmay be interpreted as arising
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from acooperative transition towardm “ e f f“ipcoit earsts, V" oamdjtibn of the celbs
a-hydrogel| consistent withchangego perception (Peat, 1975Dr rather, ly way of Equation 2,

the cardinal adsorbent regul ates the state equ
of a ge] each withpeculiarrate processesHere, a helpfuanalogy can berawnto sound and
the dependence of its speagbon the compressibility of the mediurthough which it travels.

By the associatioinduction hypothesis, theaemperature dependence of conduction
velocitiesis a stochastic procedsy whi ch sequenti al adsorptions oc
higher temperaturs (Ling, 1984). While this implies dissipation the nearequilibriumregime
oscillatory behavior would still occur in a critical region, whether as observed by experiment
(Thoke et al., 2018)r as implied trivially by the propagation ofbrainwavesduring the LSD
experienceRegarding théatter, the cooperativdormation of molecular ensembles wascently
highlighted for having important parallels tothe relation between dissipation
compartmentalization and cognition (Perez VelazqueMateos, & Guevara Erra, 2019he
associatiodnduction hypothesis maground this proposal,as well aghe recent finding that
temperature dependence ofsleep spindlefrequenciesis due largelyto local biophysida
mechanismsather thanto globalmodulation (Csernai et al., 201%)or cell cultures to which LSD
was observed to impart a depressive effedidi & Chiang, 1986; Aghajanian & Marek, 1999),
these phenomena can be attributed to adsorption potentials that are peculighé¢osurface
proteins of those systemsr to a state-equilibriumthat is peculiarto experimental conditions
(Ling, 1984)Iin generalthe recognition ofindividualityamong living cells terms of theirsurface
adsorption potential or other bulphase, physical pragties-and, accordingto their normal

functions or to their position in a developmental gradiefig an impetus foithe association

induction hypothesis as opposed lEssgeneralizeiochemical mechanisn{®eat, 1975).
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Sequentialautocooperative processes are characterized partially by a delay before the
achievement of full effects (Figure 11). Several features of LSD biochemistry appear to meet this
criterion, including the glycolytic activigmongbrains on LSD (Torre & Vergak869), the slow
onset of LSEnduced excitability compared to serotonin (Garratt, Alreja, & Aghajanian, 1993), and
the biphasic temperature response mentioned above. Such a delay is also consistent with an
increased effect of LSD at higher temperaturesl dittle to no effect at lower temperatures
(Aghajanian & Weiss, 1968; Heikkila & Brown, 1979), and witlkcémeentration effects, for a
billionth of a gram LSD per gram of nervous tissue produces-adenexperience (Freedman &
Boggan, 1982). Howevegur hypothesis does not require that LSD generates specifically
autocooperative behavior in all systems. For example, the actions of LSD may include relief of a
relatively noncooperative state induced by serotonin, for which LSD was long believed tiisexert
main effect as an antagonist (Roddy, 2013).

Oscillationdgn the physical state adin adsorbedspeciegFigure 12Jnay bedescribedby
part ofthe model forthe dipolarrelaxationof waterin phase with thectivity of glycolysiéThoke,

Bagatolli, & Olsen, 20)8

Kh (4

Hereh is somequantifiable physical statéor anoscillating specie: is a firstorder

rate constantandvy is (Thoke, Bagatolli, & Olsen, 2018

VO = V[L] Bound (5)



LSD AND PERCEPTION 38

HereV is the velocity maximum o&n oscillatory regime (an enzymegpeatedaction
potential, etc.) and the multiplicand theconcentrationof the relevantcardinal adsorbent that
is bound(ATR LSDetc.). In the full model V andthe concentration obound ligandare some
further function of h and oftemperature, and these werecoupled to the activity of glycolysis
(Thoke, Bagatolli, & Olsen, 201Bdrour purposes, the curtailed model is shown to describe that
if, for exampleh were the chemical potential of thigpid membrane in which the BT receptos
are present,Equation 5wvould change accordingly, for the affinity of serotonin to its receptor is
influenced by membrane fluidity and by the physical state of membiass®ciated waters (Heron
et al., 1980; Postila &dg, 2020) This simplenodel would needadusteddepending on the rate
processef interestfor example, changes to thigequency of GCPRnducedcalcium waves
(Grundmann & Kostenis, 2017) rielation to anyof the thermodynamicvariablesmentioned
above

Therefore, aclear experimental aim would béetermination of fluorescence dynamics
for the dipolarrelaxation probes$-acetylt2-dimethylaminmaphthalene (ACDAN) argauroyt
2-dimethylaminaaphthalene (LAURDAN) coincidetite known moleculareffectsof LSD. These
probesreveala comprehensive profiléor the dipolar relaxation of water in the cytoplasm and of
waters associated with lipid membranes, respectively (Bagatolli & Stock, 2016). Additionally, since
the heat capacity of living cells is mostly that of its wasegthereforetemperature changes ar
reportedindirectly byACDANThoke et al., 2018)hisaimcould providea circumstantiakelation
between the framework proposed and tligphasic temperatureesponse observefRodriguiz et
al., 2021).

Perhaps thamost visibleprogress concerningSD mechanisiis the work of Wacker et
al., (2013)who characterized structural features importafadr -arrestinsignalingat the 5-HTs

receptor(5-HTeR).Thesedata wereextended first via modeling and recruitment assays (Wacker
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et al., 2017), andecondviacrystallography (Kim et al., 2020),36H TR thatis essentialfoL SD’' s
experiential effects (Preller et al., 2019)he recruitmentassayof these reportsmade use of
human cell linesexpressing the relevartonstructs(Wacker et al., 2013gnd we hypothesize
differential solvent dynamic®r the effect (asneasured by spectroscopy of ACDAN or LAURDAN
and as compared to assays coincident with unbiased signaling oraysassated with serotonin

In principle, this type of experimenbuld be extendedo neuronal culturesand with the use of
rasterimage correlation spectroscogfRICSjor the determination of solvent dynamics dhe
microsecondimescale(Begarani et al., 2019).

Alsq experimentershoulddetermine longer (>48 hour) effects of LSD in the context of
membrane potential and iobalance. Ling (1984) described an experim@ which hysteresis
was observed in muscles treated withuabain or rather, resting membrane potential and
potassium balance changed indefinitely after exposure to the drugsteggped.In the context of
the associationinduction hypothesighis experimentepresensthe power ofouabainover next
neighborinteraction energies (Ling, 1984). Becauséativelylongterm behavioral changes are
observed from a singleSD doséAlper et al., 2018), it is tempting to suppose at least some of the
LSD fingerprint persists, biochemically, long after the psychedelic expesebsielesTo the best
of our knowledge, no report has looked specifically at membrane potential dydtance orthis
timescale(>48 hour)and in this contex. Here,relevant observations include the decreased
binding affinity of serotonireven athigher concentrationsafter dailyadministration of LS[Lee
& Geyer, 1980; Buckholtz, Freedman, & Middaugh, 1.98&dthe “very slow reversal ofLSD
dependentfrequencyincreasesn model systemgWright, Moorhead, & Welsh, 1962)

As mentioned, the YangLing isothemm is “ g e n eandadestribes noncompetitive
interactionsas well as competitive interaction¥herefore, notonly an exchange ofcardinal

adsorbentsbut different concentrations of a single cardinal adsorbemy influence system
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dynamicsdramatically (Ling, 1984)As the concentration ol.SDrises the hypermetabolism
reported in the study of other psychedelic drug€ollenweider et al., 1997andimplied by the
increasedtemperature and CBF mentioned abowsoud lead toa decreasen the cardinal
adsorbent ATRInd its governance over the neaquilibrium state Thismay be a canfounding
variablefor the model proposedr, more generally, for the study of L3D
Electronic Inductiorand the Inductive Index

Theframework abovedepends oma relatively longrangeelectronic effectinduced by
LSD andpropagatedvia receptor proteins(Ling, 1984 Begarani et al., 20)90r rather, the
“inducti on” as p enductiorohiypothesi®is theplsysicalimachanisrmby which
in Equation 2 is lowered (Figure 1Epr example, in the case ofetabolicoscillationsin yeast
(Thoke et al., 2() or in human lysozomes (Begarani et al., 201t93% the “inductive effect of
ATPtransmittedthrough proteins and vithe mechanism explained below, which polarizes water
and therefore, resiststhermal randomnesskeeping the systenin a gellike state andnear
equilibrium.

Importantly, the fluorescence spectrum of LSD shifts wbennd toits receptor-but not
to contros-implyingthat delocalizatioms of electronsare coincident effects (Shi& Roh, 1977.
Though earlyeportsindicateda strongcorrelation betweerthe subjective effects of psychedelic
compoundsand their electron orbital energieé€Snyder& Merril, 1965; Kangk Green, 1970;
Domelsmith & Houk, 1978Domelsmith, Munchausen, & Houk1978), tothe best of our

knowledge the import of these data remains unknowm contrastjt is usuallythe independence

’Here we note whasurely must be aenormous variability ithe glycogen statuand other

energetic parameters among LSD us&#hile the effects of LSD anfien comparedto mental

di sorders or are often di docthebestefdurknowleddgeenlyc ont e xt
a small number ofesearchers havattempted tomake these phenomena distinct in terms of

the energy status of the organism (Peat, 1975; Roddy, 2013).
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of structural and chemicaleatures amongthese drugsthat is consideredmost relevant for
modernproposals obiochemicamechanismPerezAguilar et al., 204).

Regardingransmission through proteinghe” i n d u c t iofhChiang andl T&ix1963)
anab initiomethodfor the quantification oklectronicinductive effectswasrecentlyadaptedfor
R groups of 15 standard, n@momatic amino acidd_araPopoca et al., 2020Forexample the
methyl group of alanine lectron donating to its alpha carbomndthe e-amino groupof lysine
is “electron withdrawing (Table S;1Figure 12 Inductive effects are foundationato organic
chemistry, andhe inductive indexvas foundconsistentwith a variety of chemical dafancluding
the dissociationconstants of oxygen acids and metallic hydroxides (Ling, 1884thermore,
inductive indewaluescalculatedaccording tahe modifiedalgorithmof LaraPopoca et al(2020)
were found highly correlatedto fluorescence lifetimesn tetrapeptidesand to the ionization
constants of the standard aminacids In peptides, aelatively longrange transfer of electron
density isa mechanism proposefbr pK, changes that scale with length (Ling, 1984y with
phosphorylation (Manning & Manning, 2018).

Ling(1984)proposed that primary sequence anadg®f the inductive indexvould reveal
longrange electronic characteristitisat areimportant for the associatiorinduction hypothesis
Becausemissingvalues forthe aromatic amino acidsanin theory be interpolated from their
respectivealpha amingk, (LaraPopocaet al, 2020) we determined a modifiednductive index
for all 200f the standardamino acidgTable S\ Therefore our analysiselowdependsalso upon
an extrapolation fromthe relatively high gaof pr ol i ne’ s toaeclatvelydstaongy a mi ne
inductive effec{Table S1)rhis, andh previougjuantificationofpr ol i ne’ s i(Dwgeyct i ve ef
2005) areconsideredn the supplementary information.

Given the relative strength otlectron donating R groups (Table S1), and their

preponderance in the human genoraedamonghigh affinity LSD recepto($able }, sequences
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enrichedwith electronwithdrawingR groupsare of interest Amongamino acids irthe primary
sequenceof 16 high affinity.SD receptor®-HTARwas found to havéhe highestmean inductive
index andto be the most enrichedwith electronwithdrawingR groupgTable ). Giventhat 5
HT:4R is the common target of all psychedelic compounds (P&gedar et al., 2014), we interpret
the electron withdrawing character of its ami@@idsin contrast to the other high affinity LSD
receptorsto be animportant distinction

Table 1

Primary Sequence Analysis of the Inductive Indeligh Affinity LSD Receptors

Protein Amino Acids Mean Inductive Index  Proportion EWG Significant Regions
LSD Receptor:
5-HTieR 390 -47.7 431 0
5-HT7R 479 -53.52 413 0
5-HT6R 440 =722 .359 0
5-HTiaR 422 -51.9 4 0
5-HTioR 377 -402 432 0
5-HTsaR 357 -42.0 434 2
D3 400 -432 448 0
5-HT.R 458 -44.1 426 0
Alpha2AR 465 -62.9 .385 0
5-HTiR 365 -36.2 A71* 1
D4 419 962 .303 0
D2 443 -40.7 A476* 1
D1 446 -429 444 0
D5 477 541 403 0
5-HTeR 481 -32.0 AT* 1
5-HTAR 471 -283 A8** 3

Totals
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LSD Receptors 6,890 -494 423 8

Human Proteome Unknown -44.5 444 Unknown

Note.Primary sequences wegbtainedfrom UniProt (The Uniprot Consortium, 2021)

and their accession number is listedliable S2* E®&% r ef er s t o amino ac
electronwithdrawing Rgroups (Table S1yhedistribution for theinductive indexs

multimodal (ShapireVilk p: <.001and abinomial testwas performedegarding the

proportion of EW5in each proteifJASP Team, 2020he alternative hypothesis was

that the proportion of EV&in each proteinvas greater than .423\n asterisk

represens p<.05 and two asterisks represent p<.01Si gni fi cant regions”
distinctregions of the primary sequence enriched significantly $6¥%>with electron
withdrawingRgroups calculated acording to thesignificance tesof Karlin and Altschul

(1990), and detailed in the supplementary informatidine humarproteomevalues

were extrapolated from the probability of amino acid occurreicéhe Human

GenebanKShen et al.2006 NCBBuild Number 34, March 2004

Figure 12

Proposed Inductive Effedts5-hydroxytryptamine Receptor 2A
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Note. Left, the inductive effectof the primary aminein the R group of lysineRight,a
modified snake diagramof 5-HTaR Transmembranehelices are labeled by Roman
numeralsandregionswith significant(CL>95%) electron withdrawing R group scorase
shaded black Residues shaded greinclude those whichinteract with LSD in
transmembrane helixll (black box), D172 and R173(black star), and S421 (bottom
depicted agphosphorylated) Thepropagation of electron densityetweenthe backbone
of transmembrane heli¥l andintracellular loop 4s represented bylack arrowsThese
arrows arenot intended to imply that inductive effects are mediated through space
inductive effects of this kin@re, when suspectedjot able to be screenetty molar

concentrationsof sodium chloride (Ling, 188 Thesnake diagramvas madan GPCRdb
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(PandySzekeres et al., 201@nd, for artistic purposes, onlynegative pole is depicted
near the Gterminus Thephosphate groughat would be associatewith S188 is not
shown.

To identifyelectronwithdrawingsequences of interestve employedthe significanceest
of Karlin& Altschul(1990)for the assessment @feneralamino acid scoring schemddhe relevant
calculations areexplained in thesupplementaryinformation, and the significant(CL= 95%
sequencesdentified are listed inTable S. Importantly, theprimary sequence analygsoposed
by Ling (1984yvas not statistical but rathera calculation of thénductiveindexfor the entire
sequencehat isin proximity tofunctional groups of interesgor our purposest is the similarities
or differencesbetweenthe high affinityLSDreceptors-and high scoring regiorfer whichthe
withdrawing/donating effectsnay not need carefully balancetthat appearmost appropriate

Sequencebywhich 5HTaRcouldmediatearelativelyunique inductive effecare found
amongthe N-terminus, intracellular loop 2and theGterminus(Figure 12)Notably,.these regions
are poorlyconservedamongthe serotonin receptor subfamilyDezi, 2007)and the N- and G
termini are usually truncatedor crystallographyWacker et al., 2013; Kim et al., 202Byr LSD
to exert an electronic influencen tandem withintracellular loop 2the effect would need to
propagateto and fromLSDcontacts in transmembrane helld —and especially the salt linkage
between D155 and theasic nitrogen of. S eigalinesystem-throughroughly25 amino acids
More realistically such an effect magnly need to propagat to D172 orR173of the conserved
E/DRY motifThese residues amsther observedfor review:Kim et al., 2020)r predicted(Perez
Aguilar et al., 201400 undergo largeearrangementghat are important for polar contacts in
activestate G°CR. Generally, the initiation of these rearrangements, and their place in the
overall activation mechanism for-BT,.R, is understudied (Kim et al., 2020he proposed

i nfluence woulfa8anmeadidsbrothe‘@rneinalsiie’and7 amino acids on
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the Nterminal side(Figure 12)and thefeasibilityof this propagationcouldbe determined byhe
observation ofpK, changesyariablefluorescencdifetimes of Y174, ovariableLSCfluorescence

in truncated peptidesAt present, and to the best of our knowledge, a propagation of six to nine
amino acids is the longest observed inductive effect in peptides (Ling, 1964; Manning & Manning,
2018).

For the N and Ctermini, the effect would needo be transmitted furtheror via next
neighbor interactionenergies of adsorbed species such as water. While this may seem
implausible we notethat synchronouslongdistance changes to thelaxation of cell waterand
coupled to membrane&ssociated waterss essentiato the framework above (Thoke et al., 2015
Bagatolli, Stock, & Olsen, 201% seems important thal.SBat the nanoscalecan introduce
coherentchanges to brain regions that are orders of magnitlatger. Therefore, ifall changes
introducedby LSDo 5-HT;aRare closecontact, the question of puzzlingJongrangeinteraction
is notremovedbut merelypushedfurther up the chain of interactiom

More broadly, gnificantscoresfor not only5-HT:AR, butalso for5-HT:sRand D2, were
found among theGterminal portion of intracellular loop ZTable 8). Generallythe proportion
of withdrawing R group#n this region wasunusualfor the receptors studiedTable S4)and
intracellular loop 24s noted forits involvement withfunctionally active constructs @2 (Perez
Aguilar et al., 2014)In the cellular environmentintracellular loop 2existsat the interface
between the cytoplasm and residutigat fold to form transmembrandeliceslll and IV (Figure
12). Along with helixVIl, helix lll mediates B-arrestin signaling (Wacker et al., 2018hd the
coupling between LSD bindiregnd the intracelluladomain remains uncleafChen & Tesmer,
2018).For 5-HT:aR, the significant sequence identifiethicludesH183 and R18%yhich are also
predicted(or observedto undergolarge rearrangements the activestateconformation(Perez

Aguilar et al., 2014im et al., 2020)
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Furthermore phosphorylation ofS188 and S421 arenportant for agonistmediated
desensitization ob-HTAR (Gray, ComptonToth, & Roth, 2003, and both were in or neathe
significanly positive regions of the inductive index(Figure 12. By the model proposed,
phosphorylatiorof 5-HT,ARmay be undethe influence ofa relatively longrangeinductiveeffect
or , in the | anguage ab owmbent p hoosrghewbxitpdighbgrr oups ar
energiesin Equation 2are alteredsignificantlyby LSDand in turnmay alter the nextneighbor
energiesfor relatively distant amino acidsManning & Manning, 2018Notably, this proposal
doesnot conflictwith the “ a ¢ ¢ e s wiphosphorylatiorifeatured in current biochemistry
(PerezAguilar et al., 2014), and inductive effeatg coupled tostericeffects(Ling, 1981)For this
reason, sitedirected mutagenesis to alanipthoughimplying a rather large change inductive
propensity-may be an ineffective strategfor the further expbration of the mechanisms
proposed. Therefore, wereemphasize the dipolarelaxation experiment, the ion balance
experiment, and the determination of ionization constants and fluorescence lifetimes in
truncated peptides, mentioned above.

Althoughcharacterization of structural features importaftr B-arrestinsignalingwasa
crucialadvance a unifying themefor LSD biochemistryeemsabsent This is nobnly because of
the many and ostensibly unrelated reports of LSD actionthe effects of LSDupon scale
independentmeasuresthe correlation between electron orbital energies and subjective effects,
and so ol but because ofhe question of perception. In addition to theaguenessoted above
indirect realism andts hallucinationscouldbe made consistent, after the fact, with any change
to biochemical rate processes (faster, slower, more erraticjcouldhave beemmadeconsistent
biasedand unbiased signalingqually Put differently,the assumptionof hallucinationsappears

prior to the biochemical data
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In contrast, theBergsonGibsonperceptualmodelis only consistent with increased rate
processesof the relevant systemsand, given theapplicability of theassociatioAnduction

hypothesiswith a relativelypowerful electronic effectGi ven t hi s paper’ s grounc
perceptual experience, @ew line carbe traced from the exciting research of structural biologists
to the experiential effects of LSIh the grips of indirectealism,all future biochemicatlata—no
matter theirintricacy-will remain“ r e | @ hadlutihations®
Correlated Effect$o the BergsonGibson Model

LSD and Visual Acuity

A canonicaleffect of LSD is the increase absolute visual thresholdinrelated to
inattention or delusion (Carlson, 195&)s mentioned, increases in visual acuity are also reported
via anecdote (Hawk, 2018; ITV News, 20T8seeffects are puzzling because visual acuity is
generally viewed as a function of optical mechanics example, increasing the lens on a
telescope or adjusting for refractive error in the human eye (artificially, with glasses).

Bythe BergsorGibson perceptual model, LSD yrm@ot have a mechanical consequence
but rather, this increase in visual acuity may be related to changes in temporal processing. For
example, visual acuity is associated with spatial frequency, the number of alternating black and

white bars in a unit lengit (Figure B). Normal visual acuity therefore defines, at least partially,

the spatial frequency discernible as distinct black and white bars from 20 feet away. As the

3 Thecontrast between the biochemical framework above and phevailing
neurocomputational view of the action potential should be noteste. The action potential is
generally viewed as a ongay chemical flow down a neuron, proceeding from
neurotransmitters at the initiating dendriteandvia voltagegated channed along the axon, to
the release of neurotransmitters at the axon terminal, the strength of which is taken as a
connectionstrengthto adjacent neurons. Given multiple neurons, the matrix of connestion
serves ag conceptual basis for neural net computatis. In the oscillatory framework
proposed the action potential is ondnalf of one oscillation, and a particular neuron is one
oscillator within a medium containing billions of oscillators, of which the rate of oscillation is
affected by electronic indumin.
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distance from the viewer increases, the bars ftean indistinguishable grey mass (kg 13).
Spatial frequency can be transformedo temporal frequency because the high spatial
frequency pattern (Figure3dl right) can be viewed as a set of waves, a black and white bar pair
equal to one wave of | engtehwiA,g pwaasnsdionng arti gvhetl otco

this velocity increases, at some point the waves again fuse todistinguishablgrey mass.

Low SF High SF

Figure B

Two Spatial Frequencies

Note.Left, a low spatial frequency (SF) pattern. Right, a high spatial frequency pattern.

The velocity at which this fusion occurs must be related to the highly studied rate of
critical flicker fusion (CFF) at which no flicker can be seen (Birren, 18i&knbwn that CFF
decreases with age, particularly in *“masking”
presented, such aan* A’ foll owed shortly by a masking pa
(Birren, 1976)With agingjn orderto discern theletter, the interstimulus timethat isrequired
between the letter and the mask grows longardmay be associated with a decreased metiab
rate amongolder populations (Birren1976). Assuming all mechanical bases are equal, visual

acuity A, mustbe some function of our normal CFF and its velo@iy
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A =BV, ®

HereBissomeconstant. In the context dEquation 6a higheNce{meaning a higher CFF)
would mean a higher velocity for the black and white bars passing beneath thewinelaw
before fusingto an indistinguishable mag$igure 13), or ratheran increase in visual acuity
becauseA, is proportional toVcrr This may beelevant to the examples of the foregoing: the
wings of a fly flapping like those of a heron, the slowed blades ofaineand the fuzzy cylinder
moving backward through 4fld symmetry to alefinite cube.

Therefore visual acuity, in addition to its olenical bass, would also be a function of
the timescale at which the perceptiegction system is sefand the latter is a function of the
underlying process velocity or, in the biochemical language above, the differential adsorption
dynamics.

Colors, Laguage, Perception and Time

Another canoni cal effect of LSD is the perce
Hollister, 1963Goldman Galarneua, & Friedma&007). Notably, a field of color is no different a
vibratory phenomenorthan those mentioned previously (such as, the beating wings of a fly).
Bergson (1896/1912) notatiat 400 trillionoscillations of an electromagnetic field comprise one
second ofred light andthat, if spread out such that our perception could discriminate these
oscillationsmany thousands ofears would be necessary to couhem all By this perspective,
LSD may be moving perception at the normal timescale closer to the indivibua