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A fermionic condensate test of Bell’s Inequality & local realism. 

 

“I anticipate that quantum gravity will be a theory having indefinite causal structure whereas 
quantum theory has definite causal structure.” ~ L. Hardy  

 

Abstract 

J.S. Bell proposed an electron test of his famous inequality: 
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Where a,b,c variables are particle detector settings.  Most experiments testing the inequality have 
been done with photons, however. 
 
Now that D.S. Jin (PRL 2004) has proven the experimental viability of a fermionic phase of 
superfluidity, we propose that the Pauli exclusion principle assures a fairer test of local realism 
for the reasons: 
 
1) The bound state of   (Cooper pairs) is stable at sufficiently low energy.  Therefore, 
a low-energy input of unbound pairs at the threshold of superfluidity is expected to momentarily 
break symmetry as the pairs bind—i.e., the binding energy should be released from the fermionic 
condensate as a change in particle spin values from the unbound state  to either singlet (spin 0) or 
triplet (spin 1) states. 
 
2) This expectation results from conservation laws—for if the energy released in the 
interaction equals the energy input, integral spin values are demanded by the interaction, because 
momentum transfer (as opposed to annihilation) conserves total angular momentum.  This is 
equivalent to annihilation without radiation; i.e., energy released as angular momentum 
neutralizes the energy content of the added pair absorbed into the superfluid state. 
 
The measurements on this system are consistent with the EPR requirement that “A sufficient 
condition for the reality of a physical quantity is the possibility of predicting it with certainty, 
without disturbing the system.” 
 
Because the system outputs an integer spin value from input of non-integer values, we infer that 
if the output does not change randomly (i.e., a result of spin 1 or spin 0 is constant for a fixed 
orientation of the apparatus), the system state was predictable—determined—before 
measurement and not observer-created.   That is, both position and momentum are described in 
the integer spin intrinsically, as a precise measure of angular momentum. 
 

 
I. Introduction 
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Conservation of angular momentum for repeated events at a fixed orientation is equivalent to 
classical orientation entanglement and obviates quantum mechanical entanglement as an element 
of reality—because at any input vector an observer will record a constant integer spin for a 
unique orientation, thus meeting the EPR requirement that “ … every element of the physical 
reality must have a counterpart in the physical theory.”  We are assured that this is true, if change 
of orientation of the measurement apparatus determines state (spin 0 or 1), which is fully 
relativistic, i.e., there is no privileged frame. 
 
The system also obeys classical time reverse symmetry, because any particular orientation of the 
apparatus is expected to reproduce the identical result at the identical orientation at any later 
time.  So we should be able to catalog a set of unique results for a continuous range of discrete 
orientations.  Since input orientation equals position and output result equals momentum, there 
can be no ambiguity—local realism holds for these simultaneous measurement values. 
 
High energy decoherence of quantum phenomena is independent of quantum nonlocality.  So as 
long as we assign physical reality to nonlocality, “spooky action at a distance” will prevent us 
from finding a quantum theory of gravity, because unitarity of the wave function stands between 
an observed state and the superposition of states that have no physical reality. 
 
The Bell-Aspect upper bound of ½ then becomes a metaphor for the limit of our knowledge of 
nature—Hilbert’s “ignorabimus” applied to physics.  We can ever only know one state of an 
ensemble of particle events “at a time.”   
 
The unspoken assumption of quantum mechanical formalism, however, is that time itself has no 
physical reality beyond a probabilistic moment.  Yet classical mechanics relies explicitly on an 
assumption of continuous functions with time-reverse symmetry. 
 
Comparing our proposed superfluid experiment with conventional tests of Bell-Aspect results, 
we find that ours does account for a classical continuum with time reverse symmetry: 
 
The quantum state of the condensate remains undisturbed by the infinite orientability of an 
observer testing the energy output of particle momenta in situ.  As Einstein observed, “From the 
quantum phenomena it appears to follow with certainty that a finite system of finite energy can 
be completely described by a finite set of numbers (quantum numbers).”  (MOR 1956) The real 
key to a unified theory is in his immediately following statement: 
 
“This does not seem to be in accordance with a continuum theory, and must lead to an attempt to 
find a purely algebraic theory for the description of reality.” (ital. mine.) 
 
Indeed, modern research efforts aiming to preserve a continuous field while accounting for the 
discrete nature of quantum phenomena (quantum field theory, topological QFT, supersymmetric 
string theory, et al) have incorporated algebraic methods with limited success—toward a non-
perturbative, nonlinear, singularity-free and mathematically complete description of how nature 
works. 
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These models, however, do not meet criteria for mathematical completeness or background 
independence, as one would expect of a wholly self contained and self consistent theory. 
 

II. A snapshot of primordial space.  
The fermionic condensate exactly reproduces the requirements of a primordial unit ball of 
spacetime, because unlike the Bose-Einstein Condensate (BEC)  its built-in matter nature assures 
discrete components (by the Pauli exclusion principle) yet like the BEC, its spectrum of 
continuous energy exchange corresponds to a pure spacetime state; i.e., classical interaction of 
mass and spacetime is retarded to a massless state of zero angular momentum, which is a 
property of particles, not of continuous spacetime. 
 
With the change of state introduced by  , then the transfer of angular momentum to singlet 
and triplet states of electron spin, 0 or 1, is the energy that sustains particle-spacetime interaction 
at the low energy classical limit. 
 
So in fact, the measure of angular momentum in one system is self-similar to the conservation of 
angular momentum of every system at that unique orientation regardless of spacetime separation 
between the event and the moment of measurement.  This is explained by Einstein (“Geometry 
and Experience”) as the constant rate of change of an entangled physical process: 
 
“If two ideal clocks are going at the same rate at any time and at any place (being then in 
immediate proximity to each other), they will always go at the same rate, no matter where 
and when they are again compared with each other at one place. --If this law were not valid 
for real clocks, the proper frequencies for the separate atoms of the same chemical element 
would not be in such exact agreement as experience demonstrates.” (Berlin, 1921, address 
to te Prussian Academy of Sciences) 
 

Which is equivalent to classical orientation entanglement at the microscale. 

That is, the variable rate of physical processes that is random for systems of interacting particles 
is constant for the geometry of spacetime. 
 
Even though we may reasonably say that that the number of points adjoining a particular point is 
infinite, we cannot say that the number of antipodal points of a particular orientation is infinite—
they are exactly 2.  So a pair of correlated points—point particles—is a demonstrable 
demarcation between the infinities of energy exchange, i.e.,boson, interaction, and energy 
potential, i.e., rest energy.  The classically entangled processes sharing the same rate of change 
are at rest relative to one another, at any spacetime separation.  This fact underscores the 
classical assumption that while individual events are irreversible, ensemble physical processes 
are not.  And that leads to Einstein’s question of whether the “Old One” had a choice in how to 
create the world—he did.  Handedness is an obvious physical characteristic of the world (we 
routinely create antiparticles) but the right hand is hidden, and it could have been the other way.  
Because it is as it is, however—there is no antiparticle universe coexistent with ours.  Nor could 
there be a universe independent of handedness; one or the other hand is physical. 
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If all the antiparticles have been annihilated in our history, then every point of our left-handed 
universe was in contact with every other in the past (as our standard theories inform us).  
Significantly, though, they therefore remain simply connected at any spacetime separation 
(Christian 2012).  Yet the truly remarkable fact is that every single particle-antiparticle pair is 
uniquely entangled for all time. 
 
This only sounds like a fantastic claim until one considers the role of time reverse symmetry.  As 
Feynman noted, a positron   behaves like an electron   moving backward in time.  So if   

defines a moment, an event, an ensemble of events defines a self-limiting process of   
  annihilation events. 
 
We know the process is self limiting, because quantum mechanical processes are not self 
limiting.  That is, even though quantum pair correlations are strong, they are not time reversible.  
A quantum event is independent of the ensemble process for this reason. 
 
Every  created, for experimental purposes or naturally, is compelled to pair with its original 
historical partner—why?—because a finite history in which every pair is annihilated demands 
that particle pairs are conserved as rest pairs.   In other words, rest energy—defined as a 
(relative) fixed rate of change—is unique.  We could not know this, however, unless a backward 
in time  limited the momentum of its partner, .   
 
When we test the low energy momentum of    , we are seeing a local version of the state of 
the universe in the immediate (but time reversible) past; high energy of course takes us back to 
earlier historical states, but the measure is still local.  It is also fully relativistic; no physical 
principle prevents Einstein’s general theory—describing the world as finite but unbounded, and 
usually assumed to be finite in time and unbounded in space—from being finite in space and 
unbounded in time.  And that’s what makes our measures locally real:  the boundedness of space. 
 
Time can be seen as a locally oriented but unbounded metric, an “n-dimension infinitely 
orientable metric on random self-avoiding walk.” (Ray 2006) Then orientability—a topological 
property—informs us of how time reverses, without hurting our sensibilities over why broken 
teacups don’t reassemble themselves and hop back up onto the table. 
 
Point events are not compelled to reverse trajectory—if the metric of time is infinitely orientable.  
Order is not determined by the orientation of individual events; the direction of time is a 
geometric flow. 
 

III. The direction of time as geometric flow. 
 

Consider the following figure. 
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Because a finite history in which every pair is annihilated demands that particle-pairs are 
conserved as rest pairs, and the rest energy—defined as a common rate of change between 

and — is unique to every particle pair, we could not know these properties as physical 

unless a backward in time   limited the momentum of its partner .  When we test the low-

energy momentum of we are seeing a version of the history of these particles in the 

immediate past; a continuum of higher energy observations takes us incrementally further back 
to earlier historical states; however, the measures are manifestly local. 

This explains the cosmological energy boundary, because the higher the rest energy, the more 
extended the time metric.  Were it possible to reproduce the original singular state of the 
universe, we would find it to be 2-valued and nonorientable with the pairs at relative rest.  So the 
fermionic condensate faithfully replicates the initial condition of primordial space, simply 
connected and without boundary. 

The remarkable thing about this relative state is that the universe still is in a 2-valued state of 
relative rest:  

Therefore, all anticorrelated particles in the present are anticorrelated in the past and in the 
future.  There could be no more indefinite causal structure than particle pairs at rest in a 
continuum of quantum causality – every antiparticle is primordial.  This eliminates an unphysical 
(advanced) interpretation of Schrodinger’s wave equation because “backward” is the only 
direction in which we observe (the wave is always approaching; the observer, never receding). 
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