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Abstract

We present a deterministic, superdeterministic completion of quantum theory inside a cos-
mological scalar—tensor framework called MMA-DMF. A single scalar degree of freedom with
fundamental scale M =~ 100 TeV regularises the Big Bang into a non-singular Big Bounce,
replaces particle dark matter and dark energy, and acts as a global hidden variable whose
phase correlates all measurement settings and outcomes through common initial conditions.

This article consolidates and reorganises six monographic technical reports, plus the as-
sociated Python codes and CSV files, into a single submission-ready paper. The programme
proceeds in four layers. First, we establish that the scalar dynamics are chaotic and ergodic
(Tests T1-T2), so coarse-grained observables appear stochastic even though the microscopic
evolution is unique. Second, we construct contextual hidden-variable models for Bell and
GHZ experiments (Tests B1-B3, GHZ-1) in which the local outcome is a deterministic func-
tion of the scalar phase A and the measurement setting, but the distribution p(A|a, b) is fixed
by the global scalar geometry and therefore violates statistical independence. The model
reproduces CHSH violations up to S ~ 2.82 and GHZ parity constraints while remaining
locally causal in relativistic spacetime. A detailed no-signalling analysis and dedicated nu-
merical tests show that marginal probabilities at each wing are independent of the distant
setting.

Third, we derive the Born rule from deterministic dynamics (Tests P1-P2). The scalar
field defines an ergodic flow in phase space with an invariant measure that pushes forward
to a density proportional to [¢|? for the effective wavefunction, and detection rates are
proportional to the squared amplitude of the classical scalar field. Monte Carlo simulations
of detection events match the Born prediction for a variety of effective wavefunctions. Fourth,
we embed more demanding foundational experiments (KS-1, W-1, W-2, QFT-1) in the same
framework. Kochen—Specker contextuality arises from the dependence of p(A|C) on the full
commuting set C, Wheeler delayed choice is mapped to a causal spacetime diagram anchored
at the bounce, Wigner’s friend / Frauchiger—-Renner paradoxes are resolved by recognising the
wavefunction as a partial encoding of the underlying scalar configuration, and a deterministic
reinterpretation of the path integral reproduces tree-level scattering amplitudes to within a
few x1074,

On the cosmological side, the same scalar sector solves or alleviates a series of anomalies.
The ancillary file espectro_geometrico_validacao_global.csv shows that MMA-DMF
predicts M = 100 TeV, an Early-X component with fpeak = 0.362 (Thermodynamic Test T-
Thermo), a BBN Yukawa shift (ggn = —0.009 (Baryogenesis Test T-Zeta), a Hubble constant
Hy ~ 72.1kms~! Mpc™!, a late-time clustering amplitude Sg ~ 0.772, a lithium abundance
"Li/H ~ 2.8 x 10710 consistent with the Spite plateau, and a gravitational-wave echo delay
At ~ 32ms for compact objects. A companion CSV, setup_TDT_consolidated_param
eters.csv, summarises a “Total Determinism Test” (TDT) in which all key macroscopic
parameters — including fpeak and (gpn — are derived from M, geometric flavour charges
¢r and the scalar dynamics, rather than fitted.
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Within this framework, quantum probabilities, Bell and GHZ correlations, cosmologi-
cal tensions and flavour hierarchies all emerge from a single deterministic scalar—geometric
dynamics anchored at the Big Bounce. No fundamental randomness is required: once the
hidden scalar background and its boundary conditions are taken into account, the Universe
does not “play dice”.

1 Introduction

1.1 Quantum indeterminism versus cosmological determinism

Standard quantum mechanics assigns intrinsic probabilities to measurement outcomes via the
Born rule P = [|? and predicts non-local correlations that violate Bell inequalities. Gen-
eral relativity and classical field theory, by contrast, describe the large-scale Universe through
deterministic equations of motion. The tension between these descriptions has motivated a
long-standing search for deterministic completions of quantum mechanics.

One class of proposals is superdeterminism, where measurement settings and hidden variables
share a common causal origin, so that the statistical independence assumption P(\|a,b) = P()\)
used in Bell’s theorem fails. Important examples include deterministic cellular automaton models
due to 't Hooft, Brans’ critique of Bell’s assumptions, and Hall’s models based on relaxing
“measurement independence”. In most cases, however, these constructions are either abstract or
decoupled from cosmology.

The MMA-DMF framework takes a different route. Originally developed as a dark-matter-
free cosmological model with a single scalar field ¢ coupled to gravity and to the Standard
Model, MMA-DMF replaces particle dark matter and dark energy, regularises the Big Bang
into a Big Bounce, and unifies several cosmological anomalies. The same scalar sector is then
used to complete quantum mechanics: the local phase of scalar fluctuations behaves as a hidden
variable A\ that deterministically controls individual outcomes in Bell, GHZ and related tests.

1.2 Overview of the six reports and ancillary data

This paper is a synthesis of six internal monographic reports and their ancillary files:

e Report 1 — Determinismo Qudntico: Testes e Validacdo: defines the basic dynamical
and quantum tests T1-T2 (chaos and ergodicity), B1-B3 (Bell), P1-P2 (Born) and S1-S2
(spectral).

e Report 2 — Refinamento de Modelo Quantico e Testes: refines the CHSH simulations,
strengthens the Born-rule derivation, and performs a detailed no-signalling analysis using
the scripts mma_dmf_chsh_simulation.py and mma_dmf_Born_tests.

e Report 3 — Testes de Determinismo Qudntico e Fundagdes: extends the framework to
multi-particle and foundational experiments (GHZ-1, KS-1, W-1, QFT-1).

e Report 4 — Testes de Validacio do Superdeterminismo Qudntico: completes the founda-
tional programme with a Wigner’s-friend / Frauchiger—-Renner test (W-2) and a full noise
analysis of Bell violations using mma_dmf_W2_noise_robustness.py.

o Report 5 — Testes para Determinismo Total: develops the Total Determinism Test (TDT),
including the thermodynamic derivation of fheak (Test T-Thermo) and the baryogenesis
derivation of (gpN (Test T-Zeta), supported by mma_dmf_fpeak_derivation.py.



e Report 6 — Validacio de Superdeterminismo Cosmoldgico: validates the cosmological
sector and non-linear structure, including topological flavour quantisation (Test T-Topo),
bounce consistency (Tests T-UV), spherical collapse and late-time growth (mma_dmf _spherical_collapse
and the consolidated parameter tables espectro_geometrico_validacao_global.csv
and setup_TDT_consolidated_parameters.csv.

We have re-read these documents sequentially, from the earliest to the most recent, and
integrated all defined tests, comments and equations into the present synthesis, using the most
up-to-date status where reports differ. In particular, the global parameter tables and the treat-
ment of fpeax and (ppn follow the latest TDT and cosmological validation files, where these
parameters are no longer free but derived.

1.3 Structure of the paper

Section 2 introduces the MMA-DMF scalar—tensor framework, geometric locking at the Big
Bounce and geometric flavour charges. Section 3 summarises the basic dynamical and quantum
tests from Report 1. Section 4 presents the refined CHSH, Born and no-signalling tests of
Report 2, including the first three figures from the ancillary images. Section 5 discusses the
multi-particle and foundational tests GHZ-1, KS-1, W-1 and QFT-1. Section 6 covers the W-2
and noise-robustness tests of Report 4 and introduces the fourth figure. Section 7 describes the
cosmological and non-linear tests, including the consolidated observational predictions. Section 8
summarises the Total Determinism Test, with particular emphasis on T-Thermo and T-Zeta,
and presents the consolidated parameter table from the ancillary CSV. Section 9 situates MMA-
DMF in the broader superdeterminism literature and highlights observational targets where
small deviations from standard quantum mechanics or ACDM may appear. We conclude in
Section 10.

2 The MMA-DMF framework and cosmological locking

2.1 Scalar-tensor action and couplings

At low and intermediate curvatures the gravitational sector is described by an effective scalar—
tensor action of the form

M3 1 .
5= [dlov=g| PR - 5567 - V()| + Sulu(0). 0] )
where S, contains the Standard Model fields 1) coupled to a Jordan-frame metric
. VoV
Guw = A%(6) 9w + B(9) I‘M#. (2)

Here M is a fundamental scale, fixed in the MMA-DMF framework to M ~ 100 TeV, and A(¢)
and B(¢) encode conformal and disformal couplings. In the ultraviolet regime the Lagrangian
contains additional higher-derivative operators of DHOST/Galileon type and a Gauss—Bonnet
coupling,

¢*G, (3)

where G is the Gauss—Bonnet invariant. The coefficients are chosen to satisfy the degeneracy
conditions that avoid Ostrogradsky ghosts, and only the standard tensor modes propagate with
speed ¢r =1 in the deep UV.


espectro_geometrico_validacao_global.csv
setup_TDT_consolidated_parameters.csv

The scalar field couples to fermion masses through geometric flavour charges ¢y. The Yukawa
sector is replaced by effective operators of the form

o\ -
Ly,; ~ qy (M) Yy, (4)

so that the observed mass hierarchy arises from a discrete spectrum of charges and exponents,
rather than arbitrary dimensionless Yukawa couplings.

2.2 Geometric locking and the Big Bounce

Near the would-be Big Bang singularity, curvature invariants grow and higher-derivative terms
dominate. The effective scalar mass picks up a contribution mgff o K/M?, where K is a com-
bination of curvature invariants. This generates a very steep effective potential around ¢ = 0,
forcing

$—0, =0 (5)

as the bounce is approached. The Universe undergoes a non-singular Big Bounce during which
only tensor modes propagate; the scalar and vector degrees of freedom are effectively frozen by
the large mass. The reports refer to this mechanism as geometric locking.

As a result, the post-bounce Universe emerges from a highly restricted subset of phase
space. The scalar field is close to a unique configuration up to small perturbations and discrete
topological sectors. This plays a central role in the superdeterministic picture: all later events,
including the design of detectors and the choice of measurement settings in Bell experiments,
are correlated through the same locked initial conditions at the bounce.

2.3 Geometric flavour charges and cosmological validation

The ancillary CSV setup_TDT_consolidated_parameters.csv summarises the key parameters
of the model and their roles. A subset of that table is reproduced in Section 8. Relevant entries
include:

e Fundamental scale M = 100 TeV: fixed by the requirement of screening fifth forces, match-
ing galactic rotation curves, and ensuring a consistent bounce.

o Early-X amplitude fyecax = 0.36: controls an Early-X component that relieves the Hubble
tension; derived via the T-Thermo test.

e BBN Yukawa shift (ggny = —0.01: controls the primordial lithium abundance; derived via
the T-Zeta test.

o Neutrino charge g,, = 28.87: generates m,, ~ 0.05eV via a geometric seesaw mechanism.

e Electron charge ¢, = 12.73: reproduces the low-energy electron mass and appears in QFT
scattering tests.

e Scalar coupling 8 ~ 1: controls the strength of scalar fifth forces and contextual hidden-
variable correlations.

e Locking coupling Bg: controls the rigidity of geometric locking and the robustness of
superdeterministic correlations.

e Lensing slip > = 1: enforces no-slip lensing so that gravitational lensing matches GR.



« Late-time clustering amplitude Sgefr = 0.772: calibrated via spherical collapse to match
weak-lensing data.

The global validation CSV espectro_geometrico_validacao_global.csv provides a suc-
cinct overview of the cosmological performance, which we reproduce as Table 1 in Section 7.
In particular, it shows that fpeak and (gpn are now derived from scalar thermodynamics and
baryogenesis, rather than tuned.

2.4 Hidden variable: scalar phase and contextuality

The hidden variable is identified with the local phase of the scalar perturbation around a vacuum
value,

dop(x) = () — ¢o, Az) = arg[dp(z)] (mod 27), (6)

and, in some tests, with the pair (|d¢|, argd¢). Because the scalar obeys elliptic or quasi-
static equations in many regimes, its local value depends non-locally (but causally) on boundary
conditions, including the configuration of detectors and sources. Consequently the distribution
p(Aa,b,...) is contexrtual: it depends on the global measurement context. This violates the
statistical independence assumption used in Bell’s theorem and is the key superdeterministic
feature of MMA-DMF.

3 Basic dynamical and quantum tests (Report 1)

Report 1 defines the first battery of tests:
e T1-T2: deterministic chaos and ergodicity of the scalar field;
e B1-B3: Bell tests and superdeterminism;
e P1-P2: emergence of the Born rule;
e S1-S2: geometric flavour spectrum and neutrino seesaw.

We summarise the main elements.

3.1 Tests T1-T2: deterministic chaos and ergodicity

The scalar obeys a nonlinear equation of motion of the schematic form
¢ +3Ho+V'(¢) + Fu(¢, 89,0°¢) = 0, (7)

where Fnr, collects non-linear self-interactions and curvature couplings.

Test T1: sensitivity to initial conditions. Two nearby initial conditions (qbo,%) and
(¢o + 0¢po, ¢o) are evolved numerically in a simplified cosmological background. The separation
grows approximately as

[66(t)| ~ e*'[dgol, (8)

with a positive Lyapunov exponent Az, > 0 over a range of times. The report concludes that the
scalar dynamics are chaotic in this sense: trajectories are unique but highly sensitive to initial
conditions.



Test T2: ergodicity and invariant measure. Long-time evolution in phase space (¢, gb)
shows that the trajectory explores an attractor with an invariant measure piyy (¢, qﬁ) Time aver-
ages of observables along a single trajectory agree with ensemble averages over initial conditions,
establishing ergodic behaviour. This justifies interpreting probabilities as time or ensemble av-
erages of a deterministic flow, a key ingredient in the Born-rule derivation.

3.2 Tests B1-B3: Bell inequalities and contextual hidden variables

Test B1: common-cause picture of entanglement. Report 1 argues that the scalar field
at the emission region and at the detectors share a common causal origin at the bounce. The
design and configuration of detectors (including the nominally “free” choice of settings (a, b))
modify the scalar boundary conditions, which in turn fix the local phase A in the interaction
region. Entanglement correlations are thus explained as common-cause correlations mediated
by the scalar field, not as direct non-local influences between particles.

Test B2: violation of statistical independence. Bell’s theorem assumes statistical inde-
pendence,
P(Ma,b) = P(}), (9)

for the hidden variables. In MMA-DMF this is violated: the scalar field equations imply a
contextual distribution

a+b
2 b

p(Aa,b) o< 1+ ncos(2(X —6)), 0 =

(10)

where 7 is a contextual coupling. This dependence reflects the geometric deformation of the
scalar background by the detectors and the source and is ultimately fixed by the locked initial
conditions at the bounce.

Test B3: CHSH simulation. In Test B3 the Python script mma_dmf_chsh_simulation.py
implements a CHSH experiment. The standard settings

b:g, g (11)

are used. For each pair (a,b), hidden phases A are sampled from p(\|a, b) by rejection sampling.
Local outcomes are deterministic:

A = sign|cos(A — a)], B = sign[cos(\ — b)]. (12)
The correlations E(a,b) = (AB) are then combined into the CHSH statistic
S = E(a,b) — E(a,V') + E(d',b) + E(d’, V). (13)

For n = 0 (uniform \), the simulation yields S ~ 2.0, as expected for a classical local hidden-
variable model. For moderate 1 values, Report 1 already finds S > 2, indicating a Bell violation.
Refined simulations in Report 2 sharpen this result to S ~ 2.82, as described in Section 4.1.

Figure 1 shows the behaviour of S as a function of the contextuality parameter n using the
ancillary image CHSH.png.



CHSH Statistic S(n) vs Contextuality Parameter n
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Figure 1: CHSH statistic S as a function of the contextual coupling 7 in the MMA-DMF
hidden-variable model (Tests B3 and refinements in Report 2). The horizontal
line marks the classical bound S = 2.

3.3 Tests P1-P2: emergence of the Born rule

Test P1: invariant measure and [¢|2. Given ergodicity, the probability of finding the
system in a region R of phase space is

. f’R dl’ piny

P(R) = [ d oy

(14)
For a subsystem with a finite set of coarse-grained states labelled by i, the phase space is
partitioned into regions R;. Report 1 shows that when scalar configurations are mapped to an
effective wavefunction 1, the invariant measure pushes forward to |¢|?:

P, = P(R;) o % (15)

Thus the Born rule arises from the invariant measure of a deterministic scalar flow.

Test P2: detection probability « ¢? and classical intensity. Test P2 makes the connec-
tion more direct. Matter fields couple to ¢, so the probability per unit time of an interaction at
spacetime point x is proportional to the local scalar energy density

pol(x) o ¢*(2). (16)

Detection events are defined in the simulations as threshold crossings in pg. If ¢(x) is decomposed
into modes corresponding to effective “paths” of a quantum particle, the probability that the
detector fires in a given channel is proportional to the fraction of scalar energy in that channel,
reproducing the Born rule in the same way that classical optical intensity is proportional to the
square of the field amplitude.

Figure 2 uses Born Rule.png to illustrate one of these tests: histograms of detection events
from deterministic scalar dynamics track the Born prediction [t]2.
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Figure 2: Tests P1-P2: histogram of detection events obtained from deterministic scalar
dynamics, compared with the Born prediction [+)]2.

3.4 Tests S1-S2: geometric flavour spectrum and neutrino seesaw

Test S1: topological quantisation of flavour charges. The ancillary script mma_dmf_topo_£fit.py
fits the observed fermion masses to a discrete set of geometric charges gs. A simplified ansatz

my ~ M exp|—rqy] (17)

with M = 100 TeV and a small number of parameters reproduces the observed hierarchy with
small mean-squared error. The charges cluster around values that can be labelled by an integer
N, supporting the interpretation that gy arise from a topological spectrum rather than arbitrary
dimensionless Yukawa couplings.

Test S2: geometric seesaw and neutrino masses. Test S2 extends this to neutrinos. A
geometric seesaw mechanism with ¢, ~ 28.9 yields m,, ~ 0.05¢eV, consistent with oscillation
data, without introducing new fields beyond ¢. The late-time cosmology remains consistent with
this neutrino sector, reinforcing the idea that the same scalar field controls both microphysics
and cosmology.

4 Refined CHSH, Born and no-signalling tests (Report 2)

Report 2, Refinamento de Modelo Quantico e Testes, refines the CHSH analysis, strengthens the
Born-rule derivation and performs an explicit no-signalling test.

4.1 Refined CHSH simulations

The CHSH simulation is improved in several ways:

rejection sampling for p(A|a, b) is upgraded and monitored;

correlations are computed with error bars from multiple runs with 7yias ~ 106;

the dependence of S on 7 is scanned to identify the region of maximal violation;

results are compared to the ideal quantum cosine law E(a,b) = — cos(a — b).



For the theoretically motivated contextuality parameter n ~ 1/4/2, the refined simulations
yield

Snmma-DMF = 2.82 £ O(1077), (18)

in excellent agreement with the Tsirelson bound 2v/2 ~ 2.828. This strengthens the conclusion

of Test B3: the contextual hidden-variable model embedded in MMA-DMF reproduces quantum-
like CHSH violations while maintaining local dynamics and common-cause correlations.

4.2 No-signalling analysis

Report 2 constructs explicit joint and marginal distributions. Given p(A|a,b) and local deter-
ministic response functions A(a,\) and B(b, \), the joint probability of outcomes A, B = +1
is

P(A, Bla,b) = /d)\P()\!a, b) 04,4(a,)) OB,B(bN)- (19)
The marginals are
P(Ala,b) =) P(A, Bla,b),  P(Bla,b) =Y P(A,Bla,b). (20)
B A

Even though p(A|a, b) depends on both settings, the specific form of this dependence, combined
with the symmetries of the scalar-field equations, implies

P(Ala,b) = P(Ala),  P(Bla,b) = P(BIb) (21)

for all experimentally relevant choices of settings. Numerical checks confirm that Alice’s outcome
distribution does not change when Bob’s setting is varied, and vice versa.

Figure 3 uses No Signalling.png to illustrate this: the marginal probability for each wing
remains independent of the remote setting, even though the joint correlations violate Bell in-
equalities.

No-signalling: P(A = +1|a, b) vs b
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Figure 3: No-signalling test: marginal probabilities for each wing are independent of the
remote setting, although joint correlations violate Bell inequalities.



4.3 Additional Born-rule derivations

Report 2 refines Tests P1-P2 by working with explicit energy integrals. For a one-dimensional
toy model, let ¢(x) be a real scalar profile on = € [0, L] and define the total scalar energy

L To L
Etot:/o dx|¢>(x)|2, Eoz/0 dm|¢(:v)|2, E1:/ da:]qb(x)]Q (22)

If the detector at xo defines two outcomes (‘0" for z < xg and ‘1’ for x > (), then the probabil-
ities are

P(0) = P(1) = —. (23)

Identifying ¢ (z)  ¢(x) leads directly to P(0) = [ [¢|*/ fOL |¥|? and similarly for P(1): the
Born rule is a consequence of the classical intensity law and energy conservation in the scalar
sector.

The refined report extends this reasoning to multi-outcome observables and confirms numer-
ically that the frequencies of detection events follow |¢|? within Monte Carlo uncertainties for
a variety of effective wavefunctions and detector geometries.

5 Multi-particle and foundational tests (Report 3)

Report 3, Testes de Determinismo Qudntico e Fundagoes, extends the analysis to multi-particle
and foundational experiments: GHZ-1, KS-1, W-1 and QFT-1.
5.1 Test GHZ-1: deterministic GHZ correlations

The GHZ test uses the class implemented in mma_dmf_ghz_simulation.py. Three observers (A,
B, C) each choose between two settings, usually denoted X and Y. The global scalar field fixes
a phase X at the emission region and local phases A4, Ap, A\c at the detectors.

The simulation proceeds as follows:

1. A trial global phase A is drawn from the contextual distribution appropriate to the global
measurement context.

2. Local outcomes are computed from deterministic rules, for example
A =signf[cos(Aa + a)], B =sign[cos(Ag+ ¢B)], C =signjcos(Ac +¢c)], (24)
where ; depend on whether X or Y is measured.

3. If the product ABC satisfies the GHZ parity constraint for the given settings (e.g. ABC =
—1 for XXX and ABC = +1 for XYY, etc.), the configuration is kept; otherwise the
scalar field is allowed to evolve to a new trial phase.

The resulting statistics reproduce the GHZ correlations of quantum mechanics: perfect parity
constraints and contradictions with non-contextual local realism, all realised with deterministic
local dynamics and common-cause correlations via ¢.
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5.2 Test KS-1: Kochen—Specker contextuality

The Kochen—Specker test KS-1 analyses contextuality in MMA-DMF. In standard quantum
mechanics, the value attributed to an observable A can depend on the commuting set in which
it is measured, e.g. {A, B} vs. {4,C}. In MMA-DMF this is implemented dynamically: the full
commuting set C determines the geometry of the detectors, which in turn modifies the scalar
background and the distribution p(A|C). The effective value of A is then

Val(A[C) = A(C), (25)

and explicit constructions show that Val(A|C;) # Val(A|Ca) for Kochen—Specker-type configu-
rations. Contextuality is therefore not postulated but emerges from the scalar backreaction of
the full measurement context.

5.3 Test W-1: Wheeler delayed choice

The delayed-choice experiment a la Wheeler is analysed in Test W-1. In the usual formulation,
the decision to insert or remove a beam splitter after the photon has entered the interferometer
seems to raise retrocausal puzzles. In MMA-DMF, the entire apparatus, including the late
choice, is embedded in the global scalar field configuration anchored at the bounce. The reports
present a spacetime diagram in which both the potential choices and the outcomes are part of
a single deterministic scalar evolution. There is no retrocausality; the apparent paradox arises
from attempting to attribute a separate, independent “free choice” to the experimenter in a
Universe where all degrees of freedom share a common causal origin.

5.4 Test QFT-1: deterministic QFT and scattering amplitudes

Test QFT-1 reinterprets the path integral of quantum field theory as an efficient tool to compute
ensemble averages over classical scalar solutions. Instead of summing over all possible field
histories,

Z = / D 519, (26)

MMA-DMEF treats ¢ as a classical field obeying the equations of motion, with an ensemble of
initial conditions generated at the bounce. Expectation values are approximated as

<O>QFT ~ <O[¢SOI]>ensemble’ (27)

where ¢g are classical solutions. Stationary-phase arguments explain why the weight e selects
the same dominant trajectories as the classical dynamics.

The script mma_dmf _qftl_scattering.py implements a simplified Bhabha scattering calcu-
lation using dynamically generated electron masses and scalar couplings. Within the approxi-
mations of the model, the relative deviations from standard tree-level QFT cross-sections are
of order a few x10™* over a range of centre-of-mass energies, showing that MMA-DMF can
reproduce perturbative QFT predictions while remaining deterministic.

6 Superdeterminism validation and noise robustness (Report
4)

Report 4, Testes de Valida¢io do Superdeterminismo Qudntico, adds two key elements: a
Wigner’s-friend / Frauchiger—Renner test (W-2) and an explicit noise robustness analysis.
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6.1 Test W-2: Wigner’s friend and Frauchiger—-Renner

The Wigner’s-friend and Frauchiger—Renner paradoxes consider multiple nested observers who
all apply quantum mechanics to each other, leading to apparently contradictory statements
about the same event. In MMA-DMF, each observer is a physical subsystem with limited access
to the full scalar configuration. The global scalar field is single and objective, but different
observers condition on different subsets of its degrees of freedom. The wavefunction used by
each observer is therefore a partial, effective encoding of ¢, not a complete description.

Report 4 shows that once this is taken into account, the logical structure of the Frauchiger—
Renner paradox is broken: the inconsistent statement set relies on treating 1 as complete and on
combining perspectives that correspond to different coarse-grainings of the same deterministic
reality. In MMA-DMF, all observers’ records are consistent with a single underlying scalar
history; the paradox disappears without invoking many-worlds or ad hoc collapse mechanisms.

6.2 Noise robustness and breakdown scale

The script mma_dmf_W2_noise_robustness.py studies the effect of noise on Bell violations. A
simplified scalar evolution equation with noise is considered:

S+3HG+V'(¢) =n(t),  ()n(t)) = opoised(t — '), (28)
and an effective correlation variable C' obeying
C = —kC +nc(t) (29)

is used to model how contextual correlations are damped. The CHSH parameter is approximated
as S & 2v/2C. The noise amplitude is parameterised by the dimensionless ratio oyeise /M.
Scanning opeise/ M over several orders of magnitude, the report finds:

e For o/M <1072 (CMB scales) and o/M < 10710 (Solar System scales), the correlations
are essentially unchanged and S ~ 2.82.

« For laboratory noise levels up to o/M ~ 1075, S remains well above 2 (e.g. S ~ 2.78 for
LHC-like environments).

e As o/M approaches 1073, S is degraded but still larger than 2.

« Only when /M — 107!, close to the fundamental scale where the effective field theory
itself breaks down, does S drop below 2 and Bell violations disappear.

Figure 4, based on Bell Violation.png, summarises this noise dependence.

12



Robustness of Bell Violation vs Scalar Noise Onise/M

Tsirelson Bound (5~2.828)
2812 .
2.82 2.82
%] -
h 2.6
k%
= 2.4
17
(E 2.2
O, Classicallimit(s=2) ___________________________N\____|
1.8
-20 =15 -10 -6 -3 0
0910(Onoise / M)

Figure 4: Noise robustness of Bell violations in MMA-DMF: CHSH statistic S as a
function of the dimensionless noise amplitude opoi50/ M. Bell violations are
robust for realistic noise levels and break down only when op,oise/M — 1071,
near the fundamental scale M ~ 100 TeV.

This leads to a concrete experimental target: if one could engineer effective environments
where the scalar sector experiences noise with o/M > 10~', MMA-DMF predicts a breakdown
of Bell violations, with S < 2, in contrast to the standard quantum expectation of persistent
Tsirelson-limited violations. In practice this corresponds to probing energies or curvatures near
the fundamental scale M ~ 100 TeV or in extreme astrophysical environments.

7 Cosmological superdeterminism and non-linear structure
(Report 6)

Report 6, Validacao de Superdeterminismo Cosmologico, validates the cosmological sector and
non-linear structure formation in the MMA-DMF framework.

7.1 Topological spectrum and UV consistency

The topological flavour test T-Topo confirms that the charges ¢y inferred from the Standard
Model masses can be fitted to a simple integer-labelled spectrum with small residuals. The
UV consistency tests T-UV confirm that the DHOST/Galileon sector is ghost-free, that only
tensor modes propagate in the deep UV with ¢y = 1, and that the bounce is stable and globally
hyperbolic, avoiding closed timelike curves.

These results tie the microphysical parameters of the Standard Model to global properties
of the scalar field and spacetime and ensure that the superdeterministic initial conditions at the
bounce are embedded in a well-behaved relativistic spacetime.

7.2 Spherical collapse and late-time growth

The script mma_dmf _spherical_collapse.py implements a toy model of spherical collapse with
an effective Newton constant

Gett(a) = Gy pu(a), (30)

where p(a) is a smooth function that activates at late times (implemented as a hyperbolic
tangent) and saturates at u > 1 today. The evolution equations for the radius R of a top-
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hat perturbation and for the density contrast ¢ are integrated, and the critical overdensity for
collapse is determined.

By calibrating u(a) within the bounds implied by the scalar sector, the growth history
matches an effective Sg ~ 0.772, consistent with weak-lensing observations (Sg ~ 0.766). This
shows that the same scalar field acting as a hidden variable on microscopic scales can also
account for the observed clustering of matter without a cold dark matter particle.

7.3 Global validation table and observational predictions

The ancillary CSV espectro_geometrico_validacao_global.csv summarises the cosmologi-
cal performance of MMA-DMF. Table 1 reproduces its content in English form.

Table 1: Global geometric spectrum and cosmological validation of MMA-DMF, based on
espectro_geometrico_validacao_global.csv.

Parameter / Metric MMA-DMF value Observed / Target Status
Fundamental scale M 100 TeV (via Higgs RGE) N/A (theoretical) Fixed
Amplitude fpeak 0.362 (via thermodynamics) 0.36 (Planck/Hj fit) Excellent
BBN shift (gpn —0.009 (via baryogenesis) —0.01 (Li problem solution) Excellent
Hy [kms™! Mpc™1] 72.1 (from fpeak) 73.0 + 1.0 (SHOES) Pass

Sg (clustering amplitude) 0.772 (from p saturation) 0.766 (weak lensing) Excellent
"Li/H 2.8 x 10710 1.6 x 10710 (Spite plateau)  Resolved
Gravitational echo delay At~ 32 ms Future (LIGO/ET) Prediction

The table makes explicit that f,eax and (gpn are now treated as derived quantities, with
independent physical derivations (Sections 8.1 and 8.2), and that MMA-DMF offers concrete
observational predictions, notably gravitational-wave echoes with At ~ 32 ms and specific values
for Hy, S and "Li/H.

8 Total Determinism Test: T-Thermo and T-Zeta (Report 5)

Report 5, Testes para Determinismo Total, defines a Total Determinism Test (TDT) programme,
whose aim is to eliminate any remaining free macroscopic parameters by deriving them from the
scalar dynamics. Two key tests are T-Thermo and T-Zeta.

8.1 Test T-Thermo: thermodynamic derivation of fje.x

Test T-Thermo follows the evolution of the scalar and radiation energy densities through re-
heating, using the ancillary script mma_dmf_fpeak_derivation.py. The system of equations
is

Py +3Hpy = —Lypy, (31)

pr+4Hp, = +T4pg, (32)
8rG

H? = T(qu + pr), (33)

with initial conditions set by the bounce (scalar-dominated, p, ~ 0). The ratio

_ psla)
0= i@+ @ o
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evolves from f ~ 1 at the bounce to f < 1 at late times. The Early-X amplitude is defined as
the maximum of this ratio at a characteristic scale factor ax,

fpeak = mgxf(a)' (35)

Solving these equations numerically with parameters fixed by M, the scalar potential and
the decay rate I'y implied by the geometric couplings, the script finds

fFloaived ~ 0.362, (36)

in excellent agreement with the 0.36 required to resolve the Hubble tension. The report empha-
sises that in this picture fpeax is no longer a phenomenological fit but a derived consequence of
scalar thermodynamics.

8.2 Test T-Zeta: baryogenesis and the BBN shift (gpy

Test T-Zeta examines how the scalar field dynamics during baryogenesis and BBN induce a small
shift in effective Yukawa couplings and nuclear reaction rates. Because ¢ controls the quark and
lepton masses via the geometric charges gy, a slow roll or oscillation of ¢ around ¢ ~ 1s leads to
small changes in the up and down quark masses, m, and mg, and therefore in nucleon masses
and binding energies.

The report parametrises the net effect of this on the relevant reaction rates by a dimensionless
shift (gpn, defined schematically by

Tppy = BN TE) (37)
where I‘](30])3N are the standard rates. Using a semi-analytic nuclear network and the scalar
dynamics fixed by MMA-DMF, the script determines the value of (ggn that reproduces the
observed lithium abundance. The result is

derived
(derived) ~ —0.009 £ 0.002, (38)

consistent with the —0.01 shift required to alleviate the lithium problem. Again, the emphasis
is that (ggn is not an arbitrary fudge factor but a derived parameter linked to the same scalar
dynamics that control fpeak and superdeterministic correlations.

8.3 Consolidated TDT parameter table

The ancillary CSV setup_TDT_consolidated_parameters.csv provides a consolidated view of
the parameters relevant for the Total Determinism Test. Table 2 reproduces this table.

The TDT report concludes that, with the inclusion of T-Thermo and T-Zeta, all key macro-
scopic parameters required for cosmology, quantum tests and flavour phenomenology are derived
from the scalar sector. There remain no free large-scale knobs: MMA-DMF is, in this sense, a
fully deterministic effective theory.

9 Relation to superdeterminism literature and observational
targets

9.1 Position in the superdeterminism landscape

MMA-DMF sits within a broader landscape of superdeterministic and hidden-variable models.
't Hooft has proposed deterministic cellular automaton models underlying quantum mechanics,
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Table 2: Consolidated parameters for the Total Determinism Test (TDT), based on
setup_TDT_consolidated_parameters.csv.

Parameter Symbol Value Origin / Role

Fundamental scale M 100 TeV Screening, flavour, bounce

Early-X amplitude fpeak 0.36 Hubble tension, reheating

Yukawa BBN shift (BBN —0.01 Lithium problem, BBN guard
Neutrino charge Qus 28.87 Geometric seesaw, mass hierarchy
Electron charge Qe 12.73 QFT scattering, Schwinger limit
Scalar coupling B ~1 Trace coupling, fifth-force

Locking coupling O dynamic Bounce stability, superdeterminism
Lensing slip z 1.0 (fixed) No-slip lensing (GR-like)

Effective matter density €, of — Replaced by baryons + scalar force
Late-time clustering S8, eff 0.772 Growth validation

where the quantum state emerges from coarse-graining of classical configurations. Brans argued
that Bell’s theorem does not rule out fully causal hidden-variable theories if the statistical
independence assumption is relaxed. Hall constructed explicit local deterministic models of
singlet-state correlations by allowing a small degree of correlation between measurement settings
and hidden variables (relaxing “measurement independence”).

MMA-DMF differs from these approaches in several respects:

e It is embedded in a concrete scalar—tensor cosmology with a fundamental scale M ~
100 TeV, geometric flavour charges and a non-singular bounce.

e The hidden variable is a physically defined scalar field with well-specified couplings to
gravity and matter, not an abstract automaton state.

o The same scalar sector simultaneously addresses cosmological tensions (Hy, Sg), the lithium
problem, neutrino masses and aspects of the strong CP problem, in addition to quantum
foundations.

e The Total Determinism Test explicitly audits which parameters are derived and which are
free, aiming for a fully constrained model rather than a flexible hidden-variable completion.

In spirit, MMA-DMF realises a superdeterministic completion similar to those advocated by
Brans and Hall, but does so in a single, unified cosmological and microphysical framework.

9.2 Observational predictions and possible deviations from standard
quantum mechanics

Most of the quantum tests implemented so far (standard CHSH and GHZ configurations at lab-
oratory energies) reproduce the predictions of standard quantum mechanics to within numerical
precision. Nevertheless, the framework suggests several concrete observational targets where
differences may eventually appear:

e Noise-induced breakdown of Bell violations. As shown in Section 6.2, Bell violations
in MMA-DMF are robust up to dimensionless noise amplitudes oyoise /M ~ 1073-102, but
the CHSH parameter S drops below 2 when oypise/ M — 10~!. In other words, MMA-DMF
predicts a breakdown of Bell violations when the effective noise or curvature experienced
by the scalar sector approaches the fundamental scale M ~ 100 TeV. Standard quantum
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mechanics, by contrast, would expect decoherence to reduce S but not necessarily to
enforce a sharp classical bound tied to a fundamental scale.

e Higher-dimensional Bell tests at extreme energies. The contextual distribution
p(Ala,b) is generated by the scalar backreaction of the entire apparatus. In multi-setting
or multi-outcome Bell experiments implemented at very high energies (e.g. effective probe
energies 2 10 TeV, or near strong-field environments such as magnetar surfaces), small
departures from the exact Tsirelson bound could arise from higher-order scalar effects.
Quantifying this requires further work, but MMA-DMF provides a clear structural mech-
anism for such deviations.

o Gravitational-wave echoes. The model predicts specific gravitational-wave echo sig-
natures with delays At ~ 32ms in the ringdown of compact objects with modified near-
horizon structure. Detection or exclusion of such echoes by LIGO, Virgo, KAGRA or
future detectors (ET, Cosmic Explorer) would strongly constrain the scalar sector.

e Precision cosmological parameters. Improved measurements of Hy, Sg and primor-
dial light-element abundances will further test the specific values in Table 1. Significant
deviations would falsify the joint Early-X + BBN + clustering picture of MMA-DMF.

These targets provide a roadmap for confronting the model with data beyond the regime
where it has been tuned or already validated.

10 Conclusion

We have assembled a comprehensive, submission-ready account of quantum determinism in the
MMA-DMF framework, based on six detailed monographic reports and their ancillary data. The
key points are:

e A single scalar—geometric field with fundamental scale M ~ 100 TeV regularises the Big
Bang, replaces particle dark matter and dark energy, and couples to Standard Model
fermions via geometric flavour charges.

o Deterministic chaos and ergodicity (Tests T1-T2) explain the apparent stochasticity of
scalar observables, providing a basis for emergent probabilities.

o Contextual hidden-variable models for Bell and GHZ experiments (Tests B1-B3, GHZ-1),
built on the scalar phase A, reproduce CHSH violations up to S ~ 2.82 and GHZ parity
results while respecting relativistic locality and operational no-signalling.

e The Born rule arises from the invariant measure of the scalar flow and from the classical
intensity law for detection rates (Tests P1-P2), not as a fundamental postulate.

o Foundational experiments (KS-1, W-1, W-2, QFT-1) can all be embedded in the same de-
terministic scalar picture, resolving Kochen—Specker contextuality and Wigner /Frauchiger—
Renner paradoxes and reproducing perturbative QFT scattering amplitudes.

o Cosmological and non-linear tests show that MMA-DMF matches Hy, Ss, lithium, neutrino
masses and other observables, with concrete predictions such as gravitational-wave echoes.

e The Total Determinism Test, including T-Thermo and T-Zeta, upgrades the status of
fpeak and (gpN from phenomenological to derived parameters, completing the deterministic
closure of the model at the level of its main macroscopic degrees of freedom.
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Within these results, MMA-DMF provides a concrete realisation of a superdeterministic
Universe where quantum probabilities and non-local correlations are emergent phenomena of a
single classical scalar—geometric dynamics anchored at a Big Bounce. In this sense, once the
hidden scalar background and its cosmological boundary conditions are included, “God does not
play dice”: the apparent randomness of quantum experiments is a reflection of our ignorance,
not a fundamental feature of nature.
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