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Abstract

This work is a preliminary report; the experimental section is tentative and subject to revision upon
further feedback.

We propose a fundamentally discrete spacetime model based on a finite directed quantum graph
(vertices: Planck-scale cells, edges: causal links). Unlike previous graph-based approaches, this
model yields five concrete, experimentally testable predictions. Crucially, it predicts a non-thermal
>1000% increase in Shor algorithm error rates below ~50 mK — testable with near-term processors
(Appendix A details the protocol). Gravity emerges as average edge curvature (q,) = R,v, while
Standard Model symmetries are linked to the graph automorphism group Aut(g) = Z, % S,.
Additional predictions include FCC proton scattering resonances and a specific heat anomaly. The
theory provides explicit falsifiability criteria.

Introduction

A Discrete Model of the Universe Testable with Current Technology. Almost twenty years after
Wolfram’s groundbreaking A New Kind of Science [1], discrete graph approaches to fundamental
physics remain largely philosophical exercises. Wolfram’s 2002 framework postulates a background
continuum upon which simple, deterministic graph-rewriting rules act. Work by Fredkin [2] and
Toffoli & Margolus [3] explored reversible cellular automata, hinting at deeper links between
computation and physics—but stopped short of embedding quantum behavior. Lloyd later estimated
the Universe’s computational capacity in continuum terms [4], while Bostrom raised the provocative
simulation hypothesis [5].

Our theory (2025) flips this script: the graph is not a passive stage but the very fabric of space. Its
vertices and edges carry quantum operators both locally (akin to Toffoli gates) and globally,
enforcing reversibility and entanglement by construction. Gravity is no longer “tacked on” or
absent—it emerges naturally from local curvature (g.) — R, . And unlike previous proposals, this
model makes concrete, cryogenic scale predictions and offers at least five distinct experimental tests
(including FCC scale scattering signatures and bounds on ;). In short, this is the truly testable
discrete model of the cosmos.

A possible objection is “but where’s the continuum limit?”—we say: fine, let observations fill that
gap. If Nature really is a computation, it should reveal its clock rate and gate structure under precise
measurement. The introduction lays the conceptual foundation; the following sections present the
theory and its experimental protocols for current cryogenic and quantum-computing setups.



Derivation of the continuum (£,—0) limit and recovery of the standard field equations is left for
future work. The key experimental protocol validating our theory and the discreteness of space with
current technology is given in Appendix A.

Fundamental Postulate

Universe = (g, ¢, R, © | Aut(G) = Zg XS, )

Physical interpretation: the fundamental definition of spacetime.

G — directed graph (vertices: Planck-scale cells ~ 1072° m; edges: causal links with charge g.).

@ — vertex states (binary quantum fields).

R— local evolution operator.

® — global parameters.

The automorphism group Aut(g) explains the origin of Standard Model gauge symmetries (SU(3) x
SUR2) x U(1)).

1. Fundamental Axioms
1.1 Spacetime as a graph

G=W, &), v|<10'*

Vertices V: Planckcells(~1073%m)
Edges £: causal connections:

o Directionality (future — past)

o Topological charge q, € —1,0,+1

1.2 Vertex states
¢,:V - {0,1}

0: false vacuum
1: true vacuum / particle

1.3 Global symmetry

Aut(G) =Zg x S,
Explains the Standard Model groups:
e SU(3): stabilizer of color triplets

e SU(2): permutations of orthogonal pairs
e U(l): phase rotations

2. Dynamical Principles



2.1 Hierarchical evolution
¢(t+1) — Ugm1 ° R/loc\al (Cl)(t))

Dynamics: Two-layer quantum computation.
R ™, .4= reversible local operations (Toffoli-like gates),
Ugo,= global unitary operator generating entanglement.
Directly enables Theorem 3.1 (weak reversibility) and underlies quantum algorithms like Shor’s.
Local layer:

[m]l =¢; @ (¢; ® a;) ®

JEN (D

Components:
@ = modulo-2 addition (reversibility)

&= tensor product (quantum interaction)

q;; € —1,0,+1= topological charge responsible for emergent gravity ({(q,) = Ry, * k;= local
fluctuations. Nonlinearity predicts low-temperature anomalies.

Global layer:
Ugoa zeiG' G\zigkﬁc
k
(F,— generators of automorphisms)

2.2 Entanglement protocol

diam(Gab)>1/ 2
l

14

|0 | =\/ﬁ1-l0-g2-/12-<

e [1 = Bettinumber (number of cycles)

e A% = Laplacian’s second eigenvalue (“stiffness”)

o diam(G,,) = diameter of the subgraph connecting regions a & b
o L, =Planck length



Determines Bell violation (Theorem 3.2): S>2 requires small |a,,,|.

3. Main Theorems

3.1 Weak reversibility theorem
VG 3Uge: G > GV

Follows from universality of Toffoli gates.

3.2 Bell inequality bound

maxS <2+

as oy, | >0 -2
Oab

(Prediction: S=2.76 requires subnuclear connectivity scales.)

3.3 Shor anomaly

T T -3/2
P,...(T)=Aexp (—?> +B

c Tgraph

(1) A-eT/Tc = conventional thermal noise (decreases with cooling)

(2) B- (Tgmp n/ T)3/2 = discreteness-induced noise (diverges below T,.,,,, = 50 mK)

Testable in the very near future (Appendix A) On processors with Ng = 10* qubits (see
Discussion).

Tgraph =

hc
- 1/(4f)
—(deg) IV

B"p

Characteristic energy scale:

hc/l,, =Planck energy, .

(deg) = average vertex connectivity,

V| ~ 10%2° = vertex count (universe size).

Calculated value: =48 mK (matches heat-capacity prediction)



4. Proposed Experimental Tests

All estimates are based on the current technology track and are subject to change based on funding
and engineering advances.

Phenomenon

Prediction

Verification timeline

Shor anomaly

Error increase
by 1000%
at T<50 mK

2028-2030"" assuming the presence of a WPU with
Nx= 10* kbps, disabled QEC, and temperature

stabilization to AT<ImK.

Proton scattering

Resonances at
0=41.4°, 60°, 82.8°

mid — 20305 after FCC launch and completion of
Phase I experiments.

Jump in AMA = 1— q-1/2 2026-20275 in the presence of NbaSn campaigns
(NbsSn) VA F with a resolution of AA/A; <107
S - 201 for 2030131 after the integration of attosecond
Bell violation At < 10-20¢ pulses with quantum detectors and the demonstration of
stable At<1072°c within the Bell protocol.
Heat capacity Anomaly at 2026-2027121 in specialized cryostats with sensors at
: -9
peak Tyrapn ~ 48MK a noise level of <10°J/K.

5. Falsification Criteria

Theory is refuted if all hold simultaneously:

(

e Shor anomaly test: For qubit counts Nq = 10*, measure P,
absence of a> 1 % deviation above the Standard-Model prediction (P3M

model.

vT € (10,50 mK : P=P(T) < P (T) + 0.01 (on N, > 10* qubits)
a(60)pce < 10 fb
4
ﬁ‘ 0.5
‘ AL NbzSn
kNU observed heat-capacity anomaly at Toraph =~ 48 mK

over Te[10,50] mK;
) in this range falsifies the

error

error

e FCC scattering: Non-observation of predicted resonances around 60° with cross-section > 10 fb
rules out the proton-scattering signature.




e NbsSn A jump: A relative change |A4; /2, | < 0.5 excludes predicted superconducting anomaly.

e Cryogenic heat capacity: Lack of a sharp peak at =48 mK invalidates the topological-defect
contribution to specific heat.

6. Open Problems

e Embedding SU(3) x SU(2) x U(1)intoZ® x S3
e (Qravitational averaging:

1 1
R/u/ - EguvR = g(qe)

Einstein equations: emerge from averaging edge topological charges (qe).
g. = +1 (future-directed) vs. g. = —1 (past-directed) imbalance — spacetime curvature.

 Dark matter: formalization of "frozen components" at T < Tj,.,,,p,

7. Discussion: Absence in Current Quantum Processors

Modern superconducting quantum processors (e.g., IBM, Google) routinely operate at T =~
10-15mK. Yet no Shor-anomaly signal has been reported. This apparent discrepancy arises from
three key factors:

1. Scale Threshold:
The anomaly amplitude scales as B(T) o« N, /2 For devices with Ng < 103, AP, < 0.1%

and is buried under intrinsic noise. Detectable effects require Nq = 10*, anticipated by
2028.
2. Topological Shielding:
Error-correction codes (e.g., surface code) actively suppress the low-frequency,
defect-induced decoherence that drives the B(T) term.
3. Protocol Specificity:
Detecting the anomaly demands:
o Unprotected Shor circuits (no QEC)
o Stable T <50 mK with AT <2 mK at least 10° runs per temperature point
To date, no experiment satisfies all three.
4. Infrastructure Today vs. Qubit Count. To date, no experiment satisfies all three.
While current cryogenic systems and QPU services allow us to immediately test basic
signatures (heat capacity, Bell tests) on ~10° qubits, the Shor anomaly itself will require
Ngq = 10* for (AP,,,,, = 1%).At this “scale” (expected by 2028-2030), we will be able to
test the model’s prediction at the 5o level.
5. The absence of heat capacity peaks in bulk materials is consistent with our theory, which
predicts the effect only in nanostructures. Recent data for nanoporous silicon [7] and
graphene [8] show anomalies at ~50 mK, supporting the model.



While alternative discrete spacetime frameworks exist (e.g., loop quantum gravity [9], causal sets
[10]), they lack concrete low-temperature predictions testable with current quantum processors.
Unlike these approaches, our model uniquely predicts both the Shor anomaly and specific-heat peak
at ~48mK - signatures accessible with near-term technology.

Ultimate Falsification:

Failure to observe the anomaly on any = 10* qubit system by 2028 would falsify the core
mechanism of this model.

Conclusion
This theory does not merely complement existing physics — it proposes a fundamentally new

approach.. The discrete graph is not just a model of spacetime; it is spacetime itself. Concrete,
testable predictions now await experimental verification.

Supplemental Material

Philosophical Consequences

1. The Collapse of Continuous Space
lim SM # Reality
lp—>0

2. Computational Universe

physics = Ug,, © Ry (graph_state)
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Appendix A. Suggested Experimental Protocol
Objective:

Shor's algorithm is chosen because its error profile is highly sensitive to non-thermal sources of
decoherence, unlike simpler circuits.

Detect a non-thermal increase in quantum-computing error rates below ~50 mK, as predicted by the
discrete-graph model of the Universe.

A.1. Equipment & Setup

1. Quantum Processor



o Superconducting transmon qubits (IBM Q, Rigetti, Google Quantum, Microsoft
Quantum, etc.) Nq = 10*
o Access via cloud or on-site quantum lab
2. Cryogenic System
o Dilution refrigerator capable of reaching < 10 mK
o Factory-calibrated RuO: thermometry (=5 mK precision)
o Cryoperm magnetic shielding
3. Control & Readout
o Room-temperature waveform generators and pulse sequencers
o High-fidelity readout resonators and digitizers

A.2. Step-by-Step Procedure

1. Initialize & Warm-Up

o Stabilize the cryostat at Ti = 100 mK and wait for thermal equilibrium (~1 hour).
o Calibrate qubit parameters (frequency, coherence times) and verify baseline error rate
P, (T1) = (# failed runs)/(10°).
2. Primary Measurement Loop
For each target temperature T; € {50 mK, 30 mK, 20 mK, 10 mK}:
a. Cool the refrigerator from Ti-1 down to Ti and wait for thermal equilibrium (~1 h).
b. Disable quantum error correction (QEC)
b. Run Shor’s algorithm on a small integer (N € {15, 21, 35}), repeating 10° trials.
c. Record the logical error rate P, . (Ti) = (# failed runs)/(10°).
3. Data Logging
o Log T (mK), P, (Ti), and system parameters (qubit coherence times, readout
fidelity).
o Monitor for sudden increases in P, as T; drops below 50 mK.

A.3. Expected Signature

Temperature (mK) Predicted AP,..,, Comments
100 baseline reference level
50 +0 % baseline
30 +115% significant rise
20 +295 % large anomaly

10 +1018 % peak error



Note: Standard quantum-mechanical models predict P, (T) o< exp(-T/T,),i.e. a monotonic
decrease. Any sharp rise in errors below ~50 mK is direct evidence for topological “defect” noise
and thus for fundamental discreteness.

A.4. Analysis & Falsifiability

o Analysis: Plot P,rror(T) on a log scale. Fit both
o Continuum model:
[PCOTIt(T) = e_T/TC]

o Discrete model:

T, \32
[Pa(T) = 7/ 4 B (2200

o Falsifiability Criterion: if P, .(T) continues to decrease (or stays within experimental noise)

for T<50 mK, the discrete-graph hypothesis in its present form is falsified.

End of Appendix A.

Appendix B: Suggested Heat Capacity Protocol

1. Sample requirements:
- Material: Silicon or NbsSn
- Nanostructure: Pore size < 100 nm
- Dimensions: 2x2 mm?

2. Measurement:

- Use adiabatic calorimeter (PPMS Quantum Design)
- Cooling rate: 0.1 mK/min
- Temperature range: 45-51 mK

3. Expected signature:

Peak height: > 10% of baseline C,,
Peak width: < 0.5 mK

End of Appendix B.



