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Abstract: Although most realistic approaches to quantum theory are based on classical particles, QFT reveals that classical fields are a mur
analog. And unlike quantum fields, classical fields can be extrapolated to curved spacetime without conceptual difficulty. These facts i
tempting to reconsider whether quantum theory might be reformulated on an underlying classical field structure.

This seminar aims to demonstrate that by changing only how boundary conditions (BCs) are imposed on ordinary classical field equat
psi-epistemic quantum theory naturally emerges. Uncertainty and basic quantization naturally result from imposing BCs on closed hypersurfe
in Lagrangian QFT); further quantization results from extending Hamilton's principle to restrict the BCs as well as the field equations. The |
dependence of field parameters on future BCs implies an effective contextuality, naturally avoiding the usual arguments against realistic q
models. Successful applications to the relativistic scalar field will be presented, further motivating an ambitious research program of reformi
guantum theory in terms of ontic classical fields.
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Motivation and Basic Framework:
- The Newtonian Schema vs. Reality
- Laws vs. Boundary Conditions (BCs)
- Classical fields with closed-hypersurface BCs

First-order consequences:
- Epistemic uncertainty
- Simple quantization of classical fields
- Natural contextuality

New technical results:
- Classical, relativistic scalar field

- Quantization of angular momentum
(from 1 conjecture that you may already accept)

- The measurement problem in a classical light ...
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(classical Lagrangians)
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But isn’t Classical Physics wrong?

Kochen-Specker theorem Stability of H-atom

Bell's Inequality Violations Casimir Effect

Single-Photon Detection Two-Slit Experiment

Quantized Angular Momenta Blackbody Spectra
efc., etc....

Every single one of these is an indictment of
Classical Equations of Motion (EoMs) + “Newtonian Schema”

[Physics = Laws + Initial Boundary Conditions (IBCs)]

Newtonian Schema: 1) Slice 4D universe into 3D instants.

2) Assign invariant state-space in 3D.
3) Determine initial state via IBCs.

4) Time-evolve initial state w/ EoMs.
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The well-known alternative to
the Newtonian Schema

Newtonian Schema ‘Lagrangian Schema”
'y
F=ma ﬁme! / 3S=0
|
|
3 : fjf
IBCs: x(2,).x(7,) IBC: x(z,)
I_Bqu are ontic! [FBC: x(¢,)

These pictures are not equivalent! (Same laws, different BCs)

BCs of physical systems must be physical constraints.
i.e. Boundary Conditions <=> Interaction/Measurement

Thesis of this seminar: Applying the Lagrangian Schema to
T=elassical fields results 1n a quantum-like, y-epistemic theory:=+}
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All information contained in a subsystem defined by a
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spacetime volume can only be locally accessed on the
hypersurface Z. (The usual BC on the covariant action)

time

Treating the “past” portion of the hypersurface differently than
the “future” portion requires a preferred foliation of spacetime.
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Before the FBC is
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<=2
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IBC: x(1,) IBCs: x(t,)only
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Just as 2-spatial-BC problems t;
select quantized wavelengths, //

2-temporal-BC problems /_/
select quantized periods:

b

n b 4
—=f;-tu —_— wn=n(f,a—fﬂ)
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Consequence #2: Quantization

Just as 2-spatial-BC problems =

select quantized wavelengths, |

2-temporal-BC problems |

select quantized periods: =
< =

el ———— wn=n(ff—fﬂ)

When can one experimentally control (t:- t_) ?

Dﬂ Laser cavity, L=c(t;-t.), @, = n%

€ >

L
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Consequence #3: Contextuality

FBC#1

>

é

FBC#2

-

@,

¢ = o,

«~_ _Same IBCs &

Ontic boundary conditions can be thought of as “causes”.

Double-Slit
Experiment

g

=

causality) naturall

The very feature that repels most physicists from taking the
Lagrangian Schema seriously (a counter-intuitive view of
ly addresses Kochen-Specker/Bell-style
s ope@1tICISMS Of realistic, classical models!
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Application: the classical,
relativistic scalar field
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Application: the classical,
relativistic scalar field
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-

. 7 f? o P . .
Euler-Lagrange equation: (Fz-;—c-k-‘v-«»m-c"]w,x)-o

[Flat spacetime; Klein-Gordon equation (KGE)]

¢(r,t)is a classical field (not operator-valued).
Any sum of solutions is also a solution.
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Application: the classical,
relativistic scalar field

Lagrangian density: %[g-*"'a,w\@- ";f" ¢-“'-]

. 2 l‘-'?l 24 3¢y 2
Euler-Lagrange equation: (h' pe -chV +mc ]ep(r.t)-ﬂ

[Flat spacetime; Klein-Gordon equation (KGE)]

¢(r.t) is a classical field (not operator-valued).

Any sum of solutions is also a solution.

Closest to “generic” covariant field.

KGE does not reduce to Schrodinger equation in NR limit!

The KGE is a second-order (in time) differential equati_tm;
Newtonian Schema requires independent IBCs on ¢(z,),9(7,).
= Lagrangian Schema requires, for example, ¢(Z). Page 1171
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Euler-Lagrange equation: (&1
[Flat spacetime; Klein-Gordon equation (KGE)]
¢(r.t) is a classical field (not operator-valued).

Any sum of solutions is also a solution.
Closest to “generic” covariant field.

KGE does not reduce to Schrodinger equation in NR limat!

Pi

The KGE is a second-order (in time) differential equati_t)n;
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Massive fields yield particle-like solution

£

“Infinite square well” o T

in 1+1 dimensions:
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|
|
|
|
|
|
|
|
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Massive fields yield particle-like solution

| Luﬁmte_squar.e well 2 T
in 1+1 dimensions:
v
< L 5
k=n> @ =n> ar=*."" ;noobviousenergy
n x L n | T = et

guantization, but...
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