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Abstract. Recently, | proposed an orthodox quantum mechanics’ justification for the
presentiment effect, which claims that the very existence of the presentiment effect
points to the correctness of the orthodox interpretation of quantum mechanics. | car-
ried out the mathematical calculations within the framework of the decoherent histo-
ries theory and their results depended on two unknown parameters. | suggested that
these parameters can be determined by fitting empirical measurements and, indeed,
as an example, such a rough fit was tried. | noted that with certain values the effect
fluctuates and may have a surprising long duration. The current paper reconsiders
these parameters’ preferred values in regular presentiment experiments. | conclude
that most probably these parameters should have values that under ideal resolution
would reproduce time symmetry of the effect and tiny (if any) fluctuation. | blame
the experimental method’s poor resolution between partially overlapping sentiments,
the existence of queued, perhaps prevailing, previous sentiments, and operation of
positive feedback nervous loops after emotional stimuli for the empirical salient sup-
pressed symmetry and finite duration of the effect. Certain other implications of these
preferred values are examined and seem to justify these values in regular presenti-
ment tests, which do not preclude other values under peculiar tests’ designs and pe-
culiar participants.
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« The values of free parameters of the theoretical quantum model recently sug-
gested to explain the presentiment effect are theoretically reconsidered for the
more regular presentiment tests. This study focuses on the size of the fluctuat-
ing term.

. | propose preferred values that effectively result in no (or tiny) fluctuation. With
these values, exact time symmetry theoretically exists in the idealized model
and the frequency of the fluctuation appears insignificant.

« The deterioration of the exact theoretical time symmetry under empirical con-
ditions to a mere (salient) rough time symmetry, as well as the finite effect’s
duration, is attributed to the poor resolution between (fully or partially overlap-
ping) sentiments of the experimental method used to detect presentiment and
to positive nervous feedback while apprehending emotional stimulus.

« Certain other implications of these reasonable values are examined and seem
to justify these values for regular presentiment tests.

The presentiment effect (PSE) can be considered among the more reliable with-
in those covered under the umbrella term psi. The effect is small and embedded in
strong noise, with an estimated effect size of 0.28 and a 95% confidence interval of
0.18-0.38; averaging improves the signal to noise ratio and allows the difference to
become statistically significant, over 60 (Duggan & Tressoldi, 2018). Various potential
mechanisms to explain the surprising effect as an experimental artifact have been
discussed and examined over the years, and can be reasonably rejected (Mossbridge
& Radin, 2018).

Radin (2016) provides a concise review of the presentiment experiments. In brief,
the PSE can be described as an unconscious phenomenon in which pre-stimulus
physiological responses mirror, to a lesser degree, the post-stimulus responses. The
PSE’s mirroring feature is stressed, for example, by Bierman (2008, p. 36), “Incidental
observations of the noisy skin conductance at the trial level showed a remarkable
form symmetry before and after the stimulus. For instance, if the response showed a
double bump there appeared to be also a double bump, though smaller in amplitude,
before the stimulus. Double response bumps may occur, for instance, when a picture
shows a lot of redness but it takes some time to find out what really causes all that
color (perhaps blood).”



Most PSE experiments looked for (and detected) the effect over a few seconds
(say, up to 10 seconds) before the stimuli presentations. Exceptional longer periods
were seldom examined. The participants in these experiments and the tests’ design
were peculiar. In one example, Alvarez (2016) examined planarian worms’ (precogni-
tive) behavior and found that (p. 222) “Frequencies of Head Movements behavior dur-
ing the two observation periods (one min before and immediately before stimulation)
for the experimental planarians more than doubled that of values during the corre-
sponding observation periods for the control subjects.” In another case, Radin (2023)
analyzed 13 years of daily Twitter sentiment data in 10 languages. The sentiment data
was examined two weeks prior to events assessed as significantly negative and un-
predictable (including acts of terrorism, mass shootings, unexpected deaths of celeb-
rities, etc.). Results of the analysis were statistically significant (p = .001), suggesting
the existence of a form of a long-time collective presentiment.

Bierman (2006) suggested that for a PSE to occur the mind has to consciously
perceive the content of the stimulus. His suggestion was based on empirical data.
While performing a successful re-examination of published data (that originally had
been collected by Murphy and Zajonc, 1993, for other purposes than showing a PSE) to
look for a previously unnoticed PSE, Bierman realized that although a previously un-
noticed PSE was indeed buried in the data when the pictures’ exposure time was long
enough, no PSE was present in the data when the pictures’ exposure time was less
than about 100 msec. Since less than about 100 msec is too short for a full compre-
hension of the contents and meaning of a picture, Bierman concluded that for the PSE
to appear, conscious observation is apparently a requirement. Based on this insight
concerning the crucial role played in the PSE by consciousness Bierman postulated
the pivotal role of the moment at which conscious perception is reached in the pre
versus post approximate symmetry of the effect as well.

Using orthodox quantum mechanics (QM), | (Levin, 2020) justified the existence of
the PSE through contemporary QM’s ideas. | tested mathematically the commonsensi-
cal idea that an efficient real-time prediction of an unpredictable future sentiment is
impossible and affirmed it. Then | discussed the difference between an “actual-past”
and an “effective-past” (Stapp, 2017) in QM, verbally suggesting that the PSE is merely
a “quantum delusion.” That is, it really appears, yet retrospectively only. Stapp (2014)
had described a similar concept.

| (Levin, 2023) went further and mathematically explained the way in which this
effect retrospectively appears in quantum theory. | relied on the “decoherent histories
theory” (Gell-Mann & Hartle, 1989) and the contentious claim of the Orthodox Inter-



pretation of QM (0IQM) that the reduction of the quantum state (sometimes called
'the wavefunction’s collapse’) occurs at the moment an agent’s mind perceives the
observation. Hence, although unobserved prestimulus records are decohered they re-
tain their tentative nature (i.e., remain coexisting possibilities) until the moment the
participant’s mind consciously perceives the stimulus.

Concerning this “collapse” issug, it is interesting to note that this OIQM’'s assump-
tion recently got an empirical support from psychological experiments. Lucido (2023)
used true random number generators and an experimenter’s early conscious obser-
vation of the coexisting possibilities for subliminal stimulus to reduce these possibili-
ties to a definite stimulus, in the process reproducing the empirically well-established
subliminal priming effect. After confirming that a usual subliminal priming effect had
indeed appeared, he skipped the experimenter’'s early conscious observation of the
coexisting possibilities for subliminal stimulus and repeated the test. He discovered
that the subliminal priming effect disappeared. He (p. 193) concluded, therefore, that
his findings support the OIQM’s interpretation: “The outcome suggests that the act of
conscious observation may play a critical role in quantum mechanics, and, by exten-
sion, physical reality.” He successfully replicated this conclusion (Lucido, 2024, 2025).

Assuming that whether an emotionally significant experience would occur can
be considered a “Yes” or “No” question posed to nature, | (Levin, 2023) assumed that
the initial state of this qubit of information represents total ignorance and then used
the formula to calculate from this initial ignorance state’s density matrix (Schiff, 1968,
pp. 379-380) the probability of a history composed of a sequence of decoherent alter-
natives and the usual rules of the classical probability theory to calculate the condi-
tional probabilities to get “Yes” or “No” records at any prestimulus moment given any
poststimulus record.

Throughout these calculations | used the most general 2 X 2 time evolution ma-
trix. (In the current paper | continue to use the notations of Levin, 2023). | then used
these conditional probabilities to calculate the retrospective difference between the
“sentiment” (i.e., a,) average (denoted by < >) at a prestimulus moment (i.e,, at t,) due
to an emotionally significant stimulus (i.e., a stimulus that generates the a,=1 post
stimulus sentiment) at t, (i.e., <a,(t,) | a,(t,)=1>, where the vertical bar (i.e. the | symbol)
stands for the conditioned on phrase) on the one hand, and the “sentiment” (i.e., a1)
average at the same prestimulus t, moment due to an emotionally insignificant stim-
ulus (i.e, that generates an a,=-1post stimulus sentiment) att, (i.e, <a,(t) | a,(t,)=-1>)
on the other hand. That is, the PSE, as (p. 184)



<a(t) 1o, (t,)=1 - <a(t) | a,lt,)=-1>=2-4(1- n.2) sin’[w (t, - t)], EQ. 1

with an angular frequency w and some parameter n, whose square cannot sur-
pass one (i.e, n,2 <1). Notice that the subscript 3 in n, stands for the fact that this pa-
rameter can be interpreted as a third component of a unit vector G = (n], n,, n3) that
scalarly multiplies a vector of Pauli matrices (Schiff, 1968, p. 206) ¢ = (o, 0, @,) in the
unitary time evolution matrix. Notice also that the two other components n, and n,
were eliminated from the result on the right hand side of Eq. 1 in favor of (1- n32) us-
ing the facts that as components of a unit vector their sum of squares obeys n? + n ?
=1-n_22 and their only appearance in the result is as a sum of their squares. | (Levin,
2023) argued, therefore, that the success of the OIQM to explain the surprising yet
statistically well-established empirical existence of the PSE is clear evidence that this
interpretation with its emphasis on mind and consciousness to solve the notorious
measurement problem is the correct interpretation of QM.

The values of n,> and w appeared free in my (Levin, 2023) general mathematical
model and as a matter of principle they are theoretically indeed free. So, | noted it
and (as an example) exploited this freedom to naively get a rough fit to some specific
available presentiment curve. In passing, | pointed out that with n,2 # 1 and w = 0 (and
unless suppressed by some other factor) the PSE would constantly fluctuate for all t <
t,. Wondering about this conclusion, | tentatively proposed to associate this result with
the relatively long (1 minute) duration that Alvarez (2016) had found in his planarian
worms’ behavior experiment and called for more longer data. Moreover, nowadays
one can try to associate this result with the Radin (2023)’s analyzed 13 years of daily
Twitter sentiment test. Indeed, two weeks is a very surprising long period. However, one
must remember that these experiments are peculiar in their participants and their de-
signs, Therefore, most probably their interpretation requires special caution. The pur-
pose of the current article is to justify an n,2= 1 value for the more regular presentiment
tests’ designs and to discuss the implications of such a value.

Note that with an n,> = 1 value in EQ. 1 one gets
<a(t) 1 o,(t,)=1 - <a,(t) | a(t,)=-1>=2.

That is, the fluctuating term vanishes and the PSE should naively appear as a
constant for all t, < t,. Moreover, this constant PSE almost exactly mirrors the post stim-
uli difference between the sentiments (i.e., Ala,(t,)] =1 - (-1) = 2). At first sight these



results seem to contradict the known empirical facts that the presentiment difference
is much smaller than the sentiment difference and has a short duration. However,
this hasty observation is misleading. Whereas my calculation (Levin, 2023) is being
carried out in a theoretical idealized model of just one qubit of information, the em-
pirical PSEs are measured in complicated mundane experiments. One must take into
account that the physiological arousals in which the PSE is detected, such as skin
conductance, have poor resolution regarding the identification of the influential sen-
timent. The arousals measured by such methods at any moment are apparently a
combined weighted response to several sentiments, sometimes temporally shifted
relative to one another and even conflicting. Therefore, usually one should not expect
that just a single sentiment would determine the EDA signal over a long period. Over
time, other sentiments may usually contribute their influence to modify the effective
(say skin conductance) signal. From the post stimulus signals we know that a senti-
ment is a slippery thing. Usually, it endures for several seconds at most. Therefore, it is
nothing but reasonable to blame some queued previous sentiments for total masking
of the presentiment long before the stimulus presentation and for partial masking of
the presentiment shortly before the stimulus presentation. In addition, as | postulated
(Levin, 2023) there is apparently poststimulus gain buildup that results probably by
the nervous positive feedback systems while consciously contemplating the stimulus
content. Looked in this way, neither the empirical time asymmetry of the presentiment
difference’s size with respect to the poststimulus difference’s size nor the finite dura-
tion of the recorded PSE should surprise us.

Moreover, the insight that “originally” the presentiment difference mirrors the
post stimulus difference between sentiments has a benefit. (By originally in the pre-
vious sentence | actually refer a mere hypothetical situation. That is, a situation with
no (practically existing) other, previous, sentiments masking, and without the post-
stimulus gain increase that most probably results in the nervous feedback systems
while consciously comprehending the (say ‘wild’) stimulus content.).Whereas n.> < 0.5
values, by the fluctuation they generate, may sometimes flip the direction of the PSE,
a value of n2 = 1 cannot do it. This can explain the aforementioned observation that
usually the direction of the PSE resembles the direction of the poststimulus sentiment.

In order to describe an idealized typical presentiment test, my (Levin, 2023) cal-
culation assumed the initial state (at t,) to be a state of ignorance. That is, a 2X2 di-
agonal p (‘density’) matrix with two values of 0.5 along its diagonal. Such a density



matrix describes a mixed state in which although it is known that the stimulus would
be either “wild” or “mild,” there is initially ignorance concerning which stimulus will
eventually appear. With such an initial state the probability to get a value of 1 at t, is
pl1(t)] = Tr[p P'(t)] = 0.5 (where Tr[] stands for the trace operation, that is the sum of
diagonal elements, and P1](t1) is the Heisenberg's projection operator onto the [1><1| ray
at the t, moment) and likewise the probability to get a value of (-1) at time t, is p[-1(t,)]
= 0.5. These probabilities are forced by the unitarity of the time evolution operator U(t,
t,) and hold no matter what is the value of n % On average, one predicts therefore at t,
null net effect (i.e., <a,(t)> = 0) and as shown in Levin (2023) if a stimulus is presented
for the first time at t, > t, an appropriately correlated (n,2 dependent) PSE appears at

t as well.

Consider, however, the situation after a stimulus was presented at t,. The partic-
ipant is not ignorant any more. Suppose, for example, that an emotionally significant
stimulus was consciously observed. This observation was accompanied with a cor-
responding change in the density matrix. The only element of this new density matrix
(callit p,(t,), where the 1 subscript denotes the ‘wild’ sentiment) which differs from null
is the [p,(t,)],, = 1element.

The predicted probability to get a “wild” sentiment at some later moment t, > t,

can easily be calculated as
p[1(t,)] = Trlp,(t,) P2 (t,)] = I[u(t, t,)], 12=1- (1- n2) sin?w (t, - t,)]. EqQ. 2

The probability to get a “mild” sentiment at t, completes p[1(t,)] to 1. Hence it is
(1-n22) sin’[w (t, - t,)]. Therefore, on the average one expects at t,

ca(t)> = (+1) plIt)] + (D plA()] =1-2 (- nP sinlw (t, - 1)l Eq.3

That is, unless n,> = 1 and assuming w = 0, the average at t, would change over
time. Such a change over time seems to contradict our daily experience that a second
exposure to a stimulus largely repeats the first sentiment we had at the first exposure
to the same stimulus. Of course, this is not an exact contradiction statement. More-
over, our sentiments to a wild stimulus tend to calm down as more exposures to the
same single stimulus are being accumulated and we habituate to it. An n,? value close
to1(i.e, n,2= 1) seems appropriate to describe these daily experiences. Its closeness to
1 would prevent too wild repeated sentiments fluctuations whereas its small deviation
from 1 would leave some flexibility to enable description of the sentiment change as
repeated exposures to the same single stimulus are being accumulated.



Notice that if it is the emotional type of the stimulus by itself (i.e., its very objective
sentimental valence grade) that really matters rather than the participant’s actual
emotional sentiment (in a subjective sense, due to the stimulus) that matters, an ex-
act n,> =1may be appropriate. In such a case one conceptually separates the partic-
ipant’s effective habituation (which can be attributed to that particular participant’s
nervous system adaptive state, that is, to the mind’s substrate) from the (ontological)
emotional type of the stimulus by itself, which can remain strictly constant over time,
as is indeed the case if the stimulus is an enduring image. Metaphorically speaking,
such an approach considers an ontological tendency (a propensity) as the analogue
of a photon and the perceiving mind as an optical receiver. Mainstream physics re-
gards the photon as an ontological quantum of certain potentialities (i.e., the electric
potential and the magnetic vector potential) arranged as a 4-vector (Jackson, 1975,
p. 549). The photon is assigned an ontological existence and is associated (within the
QM'’s uncertainty constrains) with some direction of motion, frequency, angular mo-
mentum, and polarization. An optical receiver is a separate unit, ontologically distin-
guished from the incoming photon. If it detected the photon it is supposed to produce
a notice of the detection, and consequently may generate various effects (say, mu-
sical tones). The receiver's reaction may be adaptively attenuated (say, by a built-in
loop of automatic gain control). Due to this adaptation, similarly detected photons
can generate varying loudness of the outcoming musical tones. This is a sort of ha-

bituation.

The aforementioned initial density matrix represents a state of ignorance. In the
QM's classification of states, a state of ignorance is sorted as a mixed state. That is,
the participant cannot efficiently predict the stimulus type just because s/he does
not know everything it is possible in principle to know about the case. The information
about which stimulus type will appear is in principle available, yet it is not known to the
participant until the stimulus appears. According to the partial information the partic-
ipant has, it may come out either wild (denoted as (+1)) or mild (denoted as (-1)) with
equal probabilities. As was explained before this participant’s ignorance enforces at t,
> t, a null average (i.e., <a,(t)> = 0) by the unitarity of the time evolution operator U(t,
t,), no matter what is the value of n,2. Mathematically (Schiff, 1968, p. 380), this mixed
nature is expressed by the fact that Tr[(p(t,))?] = 0.52 + 0.52= 0.5 < 1.

In principle, QM permits an initial purer state. That is, a prepared pure superposi-



tion state (PSS) with Tr[(p™s(t,))2] = 1. In such a prepared initial PSS, participants know
whatever can be known about the initial state, yet they cannot efficiently predict what
stimulus type will appear due to an inherent genuine quantum uncertainty. Such a
prepared initial PSS represents a superposition of ontological tendencies (propensi-
ties) for wild and mild stimuli. In a quantum superposition, both contradicting tenden-
cies coexist as mere tendencies. An example density matrix of such a prepared state
(i.e., p*5(t,)) is given by a 2X2 matrix whose four elements are 0.5 each. Since accord-
ing to QM the probability to get a value of (+1) in a state described by the density op-
erator p at time t, is p[1(t)] = Tr[p P'(t,)] (where P'(t,) denotes the projection operator
at time t, in the 2X2 Hilbert space onto the |+1><+1| ray in that space, that in matrixial
notation is represented in the 2X2 Hilbert space by a 2X2 diagonal matrix Pll(t1) with
values of 1 and 0 along the diagonal) the probabilities of seeing a wild image in this
state is p[1(t,)] = Tr[p**S P' (t)] = 0.5, and similarly the probability of seeing a mild im-
age in this state is 0.5.

One way to prepare such an initial PSS is by passing half spins (say silver atoms)
through a Stern-Gerlach (SG) apparatus (Gerlach & Stern, 1922). (Other methods to
generate “true random numbers” exist but the advantage of this implementation of a
SG apparatus is that it clearly ends up with the definite desired PSS density state.) It
is known that the not homogeneous magnetic field generated by the magnets of this
apparatus will separate the entering beam into two sub beams according to their spin
direction relative to the direction of the magnetic field. Let us call this direction x. So,
the atoms in one sub beam have positive spin relative to the x direction and the atoms
in the second sub beam have negative spin relative to the x direction. Suppose that
the atoms in the first sub beam are not detected at the exit of this first SG apparatus.
Rather, these atoms are then entering (at t,) another SG apparatus. The magnets of
this second SG apparatus are oriented perpendicular to those of the first SG appara-
tus. Let us call this second direction the z direction. This second SG apparatus splits its
entering sub beam into two sub-sub beams. The atoms in these sub-sub beams are
then detected by two detectors. That is, one sub-sub beam will be detected by a de-
tector that collects the positive spins relative to the z direction and the other sub-sub
beam will be detected by a detector that collects the negative spins relative to the z
direction. If the detector that collects the positive spins relative to the z direction (i.e.,
those described by the ray |+1><+1| = (1,0)" (1, 0) where the T denotes a transposition)
detected a silver atom a wild stimulus is presented to the participant. If the detector
that collects the negative spins relative to the z direction (i.e., those represented by
the ray |-1><-1] = (0, 1)7 (0, 1)) detected a silver atom a mild stimulus is presented to
the participant.



The (spin) state of the silver atoms exiting the first SG apparatus in the sub beam
with positive spin relative to the x direction is given (in a standard Hilbert spin space
spanned by the eigenvectors of ,) by [+1><+1| = (1/v/2,1/v2)" (1/vV/2,1//2). This is the
2X2 aforementioned matrix whose four elements are 0.5 each (i.e., p*(t,)).

In the lack of any asymmetry between the tendencies of this prepared initial PSS
it is expected that future sentiments (i.e., a,(t)) would average to null at any t, as well.
However, calculating <a,(t,)> along the calculation lines in Levin (2023) with this initial
p*SS(t,) replacing Levin (2023)'s p(t,) one easily gets

<a(t)> =2 {n n,sin[w (t, - t,)] = n, cos[w (t, - t,)]} sin[w (t, - t,)]. Eq. 4

Since n?+ n2+ n2 =1by the fact that n, n, and n, are components of a unit vector, if
n,2 = 1then n and n, must each be a null. In such a case one gets from this formula
the expected average; <a,(t)> = 0 at t, > t,. (If, however, n,2 < 1 neither n, nor n, must
be a null and assuming w # 0 the <a](t1)> average would fluctuate as t, changes.) The
<q,(t,)> average is a measurable quantity. So, starting with this prepared p*$5(t,) one
can be sure that indeed n,? = 1.

Needless to say, according to OIQM the PSE is a retrospective result of the quan-
tum reduction of the state accompanying the conscious observation. Hence it should
appear with the PSS as well. In a series of tests in which a so chosen stimulus is pre-
sented to a participant t, - t, after that test's t, it is easy to predict that starting with
a PSs (since n2 = 1) one should get from the idealized mathematical model <a,(t,) |
o,(t,)=1> - <a,(t) | o, (t,)=-1> = 2. That is, ideally one can expect a time symmetrical PSE.
This clear theoretical prediction can be empirically checked. If, as | tend to believe, it
would come wrong (that is, the usual short duration small PSE, rather than a longer
duration PSE with comparable size to the post stimulus sentiment, would still be seen)
it would indicate that the method’s aforementioned poor discrimination ability be-
tween sentiments and the awakened positive feedback nervous loops after a stimulus
presentation are responsible for the asymmetry of the PSE. If this would be the con-
clusion from the PSS case one can argue that this interpretation should apply in the
ignorance (mixed state) case as well.

It seems that my (Levin, 2023)’s rough fit to some specific available presentiment
curve was naive and my theoretical model is an idealized and a very general one.



Therefore, application of this model to mundane experiments should be done more
carefully and to take the limitations of the measurement method into account.

There seem to be good reasons to believe that in regular tests of PSE a value of
n,22 =1 (or at least n,2 = 1) holds. In principle, this can be verified empirically in exper-
iments that are prepared to start with a PSS. It appears (at least approximately) a
commonsensical value for reproducing daily experiences in repeated exposures to a
stimulus. Reduction of a significant emotional sentiment under repeated exposures to
a stimulus can be attributed to an adaptive feature of the mind’s substrate (i.e, the
nervous system).

With n.> = 1 the theoretical (i.e., the idealized 'original’) presentiment exactly mir-
rors the post stimulus sentiment. Such a symmetry (albeit to a lesser degree and a
rough one) can frequently be identified in the empirical data. The exact theoretical
symmetry apparently deteriorates if the poor discrimination ability of the method
(such as EDA) from other, probably prevailing, previous, partially, or fully overlapping
sentiments, shortly before the stimulus presentation and the mind-substrate’s (i.e.,
nervous system'’s) positive feedback loops operation after the stimulus presentation
are being taken into account. Hypothetical prevailing previous sentiments queued be-
fore the stimulus presentation most probably explain the finite duration of the PSE by
masking it as well. It is proposed that studying the PSE in prepared PSS cases would
help to show it by exploiting their unambiguous n? = 1 value.

With n,?> = 1the value of w does not matter for describing the PSE. The reason is the
altogether vanishing of the fluctuating terms’ amplitudes in the relevant expressions.

This does not preclude other n_? values under peculiar tests’ designs and peculiar
participants. Unless being suppressed by other sentiments, such cases may appar-
ently generate long duration considerable PSE correlations. Theoretically, sometimes
they may exhibit fluctuating PSE correlations as well.
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