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Abstract

Conditional on the validity of the Displacement Spacetime (DST) framework [8] — which is
unverified and should be evaluated on the basis of its predictions — we show that the DST
Lagrangian’s cross-coupling term 2ge r?|® 0]? predicts a neutron star mass gap as a parameter-
free consequence of density-dependent gravitational enhancement. In neutron star interiors, where
superfluid phase coherence is macroscopic, the cross-coupling produces a cascade mechanism:
compression forces more nucleons into each other’s displacement field range, strengthening the
many-body coherent enhancement, which increases gravitational mass, driving further
compression. We compute the enhancement scaling n(p) from 4,800 three-dimensional many-
body overlap integrals on a 161° grid across 240 parameter combinations (5 Yukawa ranges, 4
Gaussian widths, 3 lattice geometries including random liquid-like packing). The power-law
exponent is 1.49 [95% CI: 1.45-1.53], giving total enhancement energy density € DST oc p*3.16,
which decisively exceeds Fermi pressure (p*1.67) in 100% of tested cases. The strong coupling
a_s is derived from SU(3) displacement geometry: a_s x In(m_Pl/m_e) = 2n/In(2n°), where the
logarithmic entry of the manifold volume (vs linear for EM) is traced to the Faddeev-Popov ghost
determinant in non-Abelian gauge theory. The bare formula gives o s(m_Z) = 0.116 (1.6%
accuracy); the universal self-referential correction 9/64 = (3/8)> — the same correction that
resolves a, sin’0_ W, and 6_CP in [8] — closes the residual to 0.006%. The collapse threshold falls
atM_DST=2.10 M © with zero tuned parameters, consistent with the heaviest confirmed neutron
stars (PSR J0740+6620 at 2.08 + 0.07 M ©). Mass gap objects — GW190814’s 2.59 M ©
secondary and the PSR J0514—4002E companion at 2.09-2.71 M © — sit above this threshold in
the cascade/collapse region. The predicted tidal deformability anomaly grows from ~8% at 1.1
Mo to ~375% at 2.1 M ©, providing a concrete target for third-generation gravitational wave
detectors.

1. Introduction

The neutron star mass gap — the dearth of compact objects between approximately 2.5 M © and
5 M © — has been an open problem in astrophysics for over two decades [13]. The heaviest
confirmed neutron stars (PSR J0740+6620 at 2.08 + 0.07 M © [3]; PSR J0348+0432 at 2.01 = 0.04



M o [4]) lie well below the lightest confirmed black holes (~5 M ©). Recent observations have
placed increasing pressure on this picture.

The LIGO-Virgo event GW190814 detected the coalescence of a 23 M © black hole with a 2.59
+(0.09 M © compact object [1], whose nature remains unresolved. Fattoyev et al. [5] showed that
the equation of state stiffening required to support a 2.6 M © neutron star is inconsistent with
heavy-ion collision constraints. Multimessenger analysis of GW170817 and GW190814
constrains the maximum non-rotating neutron star mass to approximately 2.2 M © [11]. In the
globular cluster NGC 1851, Barr et al. [2] discovered a compact companion to PSR J0514—4002E
with mass 2.09-2.71 M ©, placing it squarely in the mass gap. The LIGO-Virgo-KAGRA event
GW230529 [6] detected the coalescence of a 2.5-4.5 M © primary with a neutron star. El-Badry
et al. [7] discovered Gaia NS1, a 1.90 + 0.04 M © neutron star candidate via Gaia astrometry,
providing a persistent laboratory near the mass gap boundary.

Standard approaches to the mass gap invoke supernova explosion mechanics, fallback accretion,
and selection effects. These explanations are phenomenological: they describe how the gap might
form but do not identify a fundamental physical mechanism that requires it to exist. In this paper,
we show that the Displacement Spacetime (DST) framework [8] predicts a mass gap as an intrinsic
consequence of the nonlinear cross-coupling between displacement fields, through a cascade
mechanism requiring no assumptions about supernova mechanics and no free parameters. All
results are conditional on DST being a correct description of nature.

2. The DST Cross-Coupling

The DST Lagrangian for the coupled gravity-EM system [8]:
L =%(3p r)2 + 160 6|2 - V(p r,  6) (1)

where ¢_r is the real radial displacement field (encoding mass and gravity) and ® 0 = p-e*{i0} is
the complex rotational displacement field (encoding charge and electromagnetism). The potential
is:
V = %m r?e r? + A_r<p_r4 - Zuf| @ 617 + HA|D O] 44 2gp r?|® 017
(2)

The cross-coupling 2ge_1*|®_6)* is the term of interest. The coupling constant g > 0 is required
for vacuum stability [8]. For two particles, the rotational part of the cross-coupling contains the
interference term 2pip2cos(AB). When AO = 0 (phase-aligned), the interference is maximally
constructive. In general relativity, all energy gravitates equally and no such phase dependence
exists. In DST, the cross-coupling provides a channel through which rotational phase coherence
modulates gravitational energy density.



3. Application to Neutron Star Interiors

Neutron star cores contain superfluid neutrons with macroscopic phase coherence maintained
across the entire superfluid core (~10 km). This natural phase coherence, combined with nuclear-
density packing, makes neutron star interiors the ideal environment for displacement-phase
modulated gravitation.

Neutrons carry zero net electric charge, but their quark substructure (u, d, d) produces a nonzero
local charge distribution with (t2) n = —0.1161 + 0.0022 fm? [9]. In DST, the rotational
displacement |®_6(x)|* is nonzero throughout the nuclear volume; the cross-coupling couples to
the local amplitude squared, not the net charge. The phase coherence relevant to this mechanism
is between neutrons (imposed by the BCS superfluid pairing), not between quarks within a single
neutron. The |® 6] profile is a magnitude measured via the charge form factor; the superfluid
provides the inter-neutron phase alignment that makes the interference term cos(Af) = 1 across
macroscopic distances.

4. Many-Body Derivation of the Enhancement Factor

4.1 Per-pair calculation

Two nucleons at separation do = 1.84 fm with Yukawa radial profiles (A = 1.41 fm) and Gaussian
rotational profiles (o = 0.50 fm) give no = 0.1 per pair — three orders of magnitude too small to
produce a mass gap.

4.2 Many-body coherent buildup

At nuclear density, each nucleon has ~12 nearest neighbors in an FCC-like arrangement. The
cross-coupling energy density is '2g X ¢ r,total®> x |@ 0,total|?>, where the total fields are the
superposition of all nearby contributions. This is the total field squared, not the sum of per-pair
terms. With 12 FCC neighbors on a 65° grid, the computed enhancement is 1= 1.29 — a factor of
~13 over the per-pair value.

4.3 Strong coupling at nuclear density

At nuclear distances (~1 fm), the dominant DST displacement interaction is the strong force. The
strong coupling at the Planck scale is derived from the geometry of the SU(3) displacement
manifold, parallel to the EM derivation of a. For EM (Abelian), the S* manifold volume enters
linearly: a x In(m_Pl/m_e) = 2n/((4/3) % 4m) = 3/8 [8, Part I11]. For QCD (non-Abelian), the SU(3)
manifold volume enters logarithmically: o s x In(m_Pl/m_e) = 2n/In(Vol(SU(3))) = 2n/In(2n°) =
0.979 (bare, one-loop). The linear-vs-logarithmic difference has a precise origin in quantum field
theory: in Abelian gauge theory (EM), the Faddeev-Popov determinant is trivial and the vacuum
polarization integrates the manifold volume directly. In non-Abelian gauge theory (QCD), the
Faddeev-Popov determinant is non-trivial — ghost fields are required because the gauge modes
self-interact — and their one-loop contribution to the effective action is Tr In(A_FP). Standard



spectral geometry (Weyl asymptotic formula, Minakshisundaram-Pleijel) establishes that Tr In(A)
on a compact manifold has a leading term proportional to In(Vol). Thus: Abelian displacement —
no ghosts — Vol enters linearly; non-Abelian displacement — ghosts — Tr In — In(Vol) enters
logarithmically. The commutativity argument from [8, Part VI] — which already explains the sign
of the beta function — also explains the functional form of the coupling formula. One-loop running
through quark mass thresholds gives a._s(m_Z) = 0.116, compared to the observed 0.1179 (1.6%
accuracy). The bare formula has a residual of —0.266%, which is identical (to 0.004%) to the EM
residual of —0.270%. The DST self-referential correction 9/64 = (3/8)?, which corrects a from
0.27% to 0.002% [8, Part XI], applies identically to a_s: the corrected formula a s X L =
(2n/In(27°)) / (1 — 9/(64L)) = 0.9819, compared to the observed 0.9818, an error of 0.006%. The
identical bare residuals and identical corrections confirm that the 9/64 is a universal property of
measurement from inside the condensate, not specific to any single force [8, Part XI]. At the
nuclear scale (I GeV), the derived o_s = 0.34. The effective coupling in the enhancement
calculation is g_eff=a_s, giving a correction factor of o._s/a = 46.6. The sensitivity of the collapse
threshold to the exact value of a_s is examined in Section 8.

The effective coupling in the cross-coupling term. The DST Lagrangian contains a single cross-
coupling 2ge r*|® 0] between the radial (gravitational) and rotational (gauge) displacement
sectors. At nuclear scales, the effective coupling g_eff = a_s is derived from two results already
established in the framework. First, the bare coupling g = a. The self-referential correction
derived in [8, Part XI] arises from the observer — a condensate excitation — measuring coupling
constants through the cross-coupling vertex 2ge 1*/® 6/*. The back-reaction of the condensate
on its own measurement produces a shift SL = go?, where go = g x L is the dimensionless cross-
coupling at the Planck scale. The observed correction is 6L = 9/64 = (3/8)?, which gives go = 3/8
= o x L, and therefore g = a. This is not a new derivation — it is the same self-referential
correction that resolves the 0.27% residual in a, sin’0_W, & CP, and a_s simultaneously. The
identical bare residuals for EM (—0.270%) and QCD (—0.266%), both closed to <0.01% by the
same 9/64, constitute a four-observable verification that the coupling entering the cross-coupling
vertex is g = a.. Second, the rotational displacement field @ 0 is the unified field encoding all
gauge interactions (Axiom A2 of [8]). Below the GUT scale, it decomposes into U(1), SU(2),
and SU(3) components. At nuclear density, the SU(3) color component dominates the local
rotational displacement: the color field strength at inter-nucleon separations (~1 fm) exceeds the
electromagnetic field strength by a_s(1 GeV)/a = 46.6. The decomposition of the unified ® 6
into gauge sector components with relative amplitudes scaling as their respective couplings
follows from standard gauge theory applied to DST’s unified rotational displacement; the
explicit first-principles derivation of this decomposition from the DST Lagrangian is an open
calculation, though the cascade existence is independent of the specific decomposition ratio
(Section 8, Table 4). The cross-coupling energy 2ge 1r?|® 0J* is therefore dominated by the
SU(3) component of [® 6]?, giving an effective coupling g eff =g x (a_s/a) =a % (o._s/a) = o_s.
The amplification ratio o._s/a = 46.6 used in the enhancement calculation is a derived
consequence of the DST field decomposition and the verified cross-coupling g = a, not an
external assumption. The cascade exponent comparison (¢ DST oc p*3.16 vs P_Fermi oc p*1.67)
is independent of the coupling value — it is set by the geometry of the displacement field
overlap integrals. The coupling determines WHERE the collapse threshold falls, not WHETHER



the cascade exists. The sensitivity analysis in Section 8 confirms the threshold persists across a
5% range of coupling values.

5. The Cascade Mechanism

The enhancement factor is not constant — it grows with density because compression brings more
nucleons within the displacement field range (A m = 1.41 fm). The physical mechanism: as
gravitational compaction increases, inter-nucleon separation decreases, displacement field overlap
volumes grow, and the geometric phase space available for misalignment shrinks. The superfluid
condensate enforces AO = 0 more rigidly at shorter separations because the overlapping fields
cannot avoid each other. This increases the cross-coupling energy density, which increases
gravitational mass, which drives further compaction — a feedback loop between spatial geometry
and phase space. The cascade continues until either a new equilibrium is reached or the star
collapses.

5.1 Computed n(p) at multiple densities

We computed n directly at 20 densities from 1.5 to 12po using the full 3D many-body overlap
integral with 13 nucleons (1 central + 12 nearest neighbors) on a 1613 grid. The computation was
repeated across 240 parameter combinations: 5 Yukawa range parameters (A = 1.0, 1.2, 1.41, 1.6,
2.0 fm), 4 Gaussian rotational profile widths (c = 0.35, 0.50, 0.65, 0.80 fm), 2 structured lattices
(FCC, BCC), and 10 random liquid-like packing realizations. Total: 4,800 individual runs in 175
minutes. Representative median values with the DST-derived o._s/a = 46.6 applied:

pP/po d (fm) N (computed) n % (o_s/a)
2.08 1.441 5.43 253

2.89 1.291 9.46 441

4.02 1.158 16.02 747

5.00 1.076 23.55 1097

6.22 1.000 30.42 1418

7.75 0.930 44.61 2079

9.64 0.865 60.44 2817

12.00 0.804 76.91 3584

Table 1. Computed many-body enhancement factor (161° grid, 4,800 runs across 240
parameter combinations: 5 Yukawa ranges x 4 Gaussian widths x 3 lattice geometries).
Power law fit: n(p) = 2.44 % (p/po)*1.489 [95% CI: 1.450-1.534]. The a_s/a column uses the
DST-derived a_s(1 GeV) =0.34.



5.2 Why the cascade wins

€ DST oc p*1.49 x p*(2/3) x p = p"3.16 >> P Fermi o p"1.67
(3)

The enhancement exponent (3.16) decisively exceeds the pressure exponent (1.67). The 95% CI
on the total exponent is [3.12, 3.20]; the total DST exponent exceeds the Fermi pressure exponent
in 100% of 240 tested parameter combinations (spanning 5 Yukawa ranges, 4 Gaussian widths,
and 3 lattice geometries including random liquid-like packing). The minimum total exponent
observed across all parameter combinations is 2.79, which still exceeds Fermi by 67%. At low
density, pressure dominates. But the steeper exponent means the enhancement inevitably catches
up at some critical density. The crossing point defines the collapse threshold.

6. Self-Consistent Bootstrap Results

We solve the self-consistent equation M_DST = M_GR x (1 + 9) iteratively. The baryonic-to-
gravitational mass conversion follows Gao et al. [12]: M b=M g+ A x M_g* with A = 0.080,
giving M GR = (-1 + V(1 + 4A-M b))/ (2A). The fractional enhancement o is computed from a
radial shell integral over the star’s density profile using the DST-derived a_s(1 GeV) = 0.34 and
the computed n(p) = 2.44 x (p/po)"1.489 from the 4,800-run Phase 1 sweep. The complete code is
available at github.com/RandomInternetPreson/moire-phase-space-sampler.

M b@M©) M_GR M_DST 0 (%) C p_c/po Status
1.00 0.931 0.935 0.48 0.108 2.6 Stable
1.40 1.271 1.302 2.49 0.153 3.7 Stable
1.60 1.435 1.506 4.90 0.178 43 Stable
1.80 1.596 1.747 9.42 0.208 4.9 Stable
2.00 1.754 2.097 19.6 0.252 5.5 Stable
2.20 1.909 — 107 — 6.2 Collapse
2.40 2.060 — 105 — 7.0 Collapse
2.50 2.135 — 112 — 7.5 Collapse
2.60 2.209 — 150 — 8.1 Collapse

Table 2. Self-consistent bootstrap results (o_s = 0.34 (DST-derived), soft EOS). Last stable:
M_DST =2.10 M ©. The threshold sits directly at the heaviest confirmed neutron stars (PSR
J0740+6620 at 2.08 + 0.07 M ©).

7. Tidal Deformability Prediction

A DST-enhanced neutron star with observed gravitational mass M_DST has internal structure
corresponding to its lower GR mass M. GR = M_DST/(1+6). The tidal deformability A depends



on internal structure. A DST-enhanced star therefore appears more deformable than GR predicts
for its observed mass — it is “too squishy for how heavy it is.”

M DST(M©°) & (%) A_GR A_DST AA/A (%) Detectable?
1.12 1.2 1054 1137 8.0 ET/CE

1.30 2.5 469 534 13.9 ET/CE

1.51 4.9 182 255 40.1 3G

1.75 9.4 62 124 100 3G

2.10 19.6 13 61 375 3G

Table 3. Predicted tidal deformability anomaly. ET = Einstein Telescope; CE = Cosmic
Explorer; 3G = third-generation. The anomaly grows from ~8% at 1.1 M © to ~375% at the
collapse threshold. DST-enhanced stars always appear more deformable than GR predicts
for their observed mass — they are “too squishy for how heavy they are.”

GW170817 measured A = 222 (+420, —138) for component masses ~1.36 and ~1.17 M © [10]. At
these masses, the DST effect is 6 = 1-3%, producing a ~8-14% anomaly — within the
measurement uncertainty of +189%. A definitive test requires either a merger involving
components above ~1.5 M © | or third-generation detectors with ~10% improved sensitivity. The
anomaly is a systematic bias: DST-enhanced stars always appear too deformable, never too stiff.

8. Robustness: EOS and Coupling Sensitivity

Two principal uncertainties affect the quantitative prediction: the nuclear equation of state (which
determines the mass-radius relation and M_TOV) and the strong coupling constant a._s at the
confinement scale. We test robustness by computing the collapse threshold across three equations
of state (M_TOV = 1.5, 2.0, and 2.2 M © ) and four coupling values (a._s =0.3, 0.5, 0.7, 1.0):

EOS (M_TOYV) a_s=0.20 a_s=0.30 a_s=0.34* o_s=0.50
Soft (1.5) 2.85 2.67 2.61 2.44
Medium (2.0) 3.01 2.82 2.76 2.59
Stiff (2.2) 3.06 2.88 2.82 2.64

Table 4. Last stable M_DST (M ©) across EOS and coupling choices. *o_s = 0.34 is the DST-
derived central value from 27n/In(2n%). The collapse threshold exists in every cell. The mass
gap is robust.

The collapse threshold ranges from 2.44 to 3.06 M © across all twelve combinations. In no case
does the threshold disappear. At the DST-derived central value a_s = 0.34, the threshold falls at
2.61-2.82 M © depending on the EOS. The sensitivity to a._s is modest: varying o._s from 0.20 to



0.50 shifts the threshold by ~0.4 M © . The existence of the mass gap is a structural prediction; the
location is model-dependent at the ~0.4 M © level.

9. Parameter Status

Parameter Value Status Source

n(p) exponent 1.489 [1.45, 1.53] COMPUTED 4,800 runs, 161° grid, 240
combos

n prefactor 2.44 COMPUTED Calibrated to 161° median
curve

Strong coupling a s=0.34atl GeV DERIVED 2n/In(27°); 1.6% atm_Z

f sf(p) Crossover 7po DERIVED d =20 — 6.2po; onset
from nuclear physics

Overlap scaling pN(2/3) DERIVED Nuclear geometry

EOS 3 tested VARIED See sensitivity Table 4

Density profile n=1 sinc (GR) VERIFIED Full TOV confirms GR
structure

Table 5. Parameter status. The 1 scaling is computed from 4,800 first-principles 3D overlap
integrals. The strong coupling is derived from SU(3) displacement geometry. Free
parameters tuned to match observations: ZERO.

10. Discussion and Limitations

This mechanism requires no exotic matter, no modified gravity in the traditional sense, and no
fine-tuned supernova models. The mass gap emerges from a single term in the DST Lagrangian
applied to phase-coherent nuclear matter. The cascade exponent comparison (p”3.16 vs p*1.67)
guarantees the existence of a threshold independent of quantitative details, as confirmed by 240
parameter combinations yielding 100% cascade dominance.

A key physical question is whether the DST cross-coupling energy modifies the star’s internal
structure or only its gravitational signature. The answer is derived from the DST field equations,
not asserted by analogy with GR. The ¢ r equation of motion from the Lagrangian (Eq. 1) is: 0@ _r
+m r’¢ r+4A re 1’ + g/® 0¢ r = 0. The cross-coupling enters as an effective mass for the
gravitational field: m_eff? =m_r?+ g|® 6. In regions where |®_0J* is large (nuclear density with
phase coherence), the gravitational field becomes heavier — shorter range and stronger. This
modifies the gravitational field profile directly without creating new particle excitations. The ® 6
equation is: o® 0 + p*® 6 — A|® 6D 0 — go r*® O = 0. The cross-coupling term go r*® 6
shifts the condensate VEV but does not add kinetic degrees of freedom — it does not create new
excitation modes that would occupy quantum states. Fermi pressure arises from the Pauli exclusion
principle: it counts how many quantum states are occupied by neutrons. The cross-coupling
modifies the background field in which those neutrons exist, not the number of occupied states.



The matter exerts the same Fermi pressure regardless of whether its displacement fields are
coherent. This is the load-bearing distinction: in GR, all energy sources Tuv equally — there is no
mechanism to distinguish field-modification energy from thermodynamic energy. In DST, gravity
is sourced by ¢ _r specifically, and the cross-coupling modifies ¢ _r without adding thermodynamic
degrees of freedom. This distinction is not an additional assumption — it follows directly from the
field equations of the DST Lagrangian (Eqs. 1-2). The TOV sign reversal confirms this
interpretation. When the cross-coupling energy is forced into the GR stress-energy tensor and
included as a pressure source — as GR requires for all energy — the star restructures to absorb the
additional gravity, producing negative deltas (1-8% mass reduction) at fixed central density. This
is the opposite of the DST prediction. The sign reversal is not an inconsistency; it is a
distinguishing prediction. GR says all energy pressurizes. DST says the cross-coupling energy
modifies the gravitational field without pressurizing. The two frameworks make opposite
predictions for neutron star structure at nuclear density, and the observed masses of the heaviest
neutron stars — systematically exceeding equation-of-state predictions — favor the DST
treatment. The updated collapse threshold (M_DST = 2.10 M ©) sits directly at the mass of the
heaviest confirmed neutron stars: PSR J0740+6620 at 2.08 = 0.07 M © and PSR J0348+0432 at
2.01 £ 0.04 M o . Mass gap objects — GW190814’s 2.59 M © secondary and the PSR J0514—
4002E companion at 2.09-2.71 M © — sit above the threshold, in the cascade/collapse region.
Stars slightly above the threshold are metastable: they require a perturbation (density fluctuation,
accretion event, merger dynamics) to trigger the cascade. The further above the threshold, the
smaller the perturbation needed. By ~2.5 M © | essentially any perturbation triggers collapse. This
produces the observed sharp cutoff in the neutron star mass distribution. Remaining limitations:
(1) The profile parameters (A, ) introduce ~0.3 variation in the n exponent, though the cascade
argument holds across all tested values. (2) The tidal deformability prediction uses an empirical
A(C) scaling; a full Love number calculation would improve the quantitative prediction. (3) The
nucleation margin — the extent to which density fluctuations and oscillation modes lower the
effective threshold below the idealized spherically symmetric value — requires 3D hydrodynamic
simulation, which is planned as a follow-up computation. (4) Most fundamentally, the DST
framework itself is unverified. All results are conditional on the validity of the DST Lagrangian
(Egs. 1-2).

11. Conclusion

Conditional on the validity of the DST Lagrangian, the cross-coupling term ’2ge r*|® 6|
applied to phase-coherent nuclear matter in neutron star interiors produces a density-dependent
gravitational enhancement through a cascade mechanism. The enhancement scales as 1 oc p*1.49
(computed from 4,800 3D many-body integral evaluations on a 161° grid across 240 parameter
combinations, 95% CI [1.45, 1.53]), giving total enhancement energy density € DST oc p”3.16,
which decisively exceeds Fermi pressure (p~1.67) in 100% of tested cases. The strong coupling
a_s is derived from SU(3) displacement geometry: o s X In(m_Pl/m e) = 2n/In(2n°). The
logarithmic entry of Vol(SU(3)) — as opposed to the linear entry of Vol(S?) in the EM formula —



is traced to the Faddeev-Popov ghost determinant in non-Abelian gauge theory, connecting the
commutativity structure of displacement modes to the functional form of the coupling. The bare
formula gives o s(m_Z) = 0.116 (1.6% accuracy); the universal self-referential correction 9/64 =
(3/8)> — the same correction that resolves a, sin’0_W, and & CP in the main framework [8] —
closes the residual to 0.006%, confirming the correction is a property of the observer’s position
inside the condensate, not of the specific force measured. This produces a sharp collapse threshold
at M_DST =2.10 M © with zero free parameters, consistent with the heaviest confirmed neutron
stars (PSR J0740+6620 at 2.08 £ 0.07 M ©). Mass gap objects (GW190814 at 2.59 M ©, PSR
J0514-4002E companion at 2.09-2.71 M ©) sit above this threshold, in the cascade/collapse
region. The predicted tidal deformability anomaly grows from ~8% at 1.1 M © to ~375% at 2.1
M o, providing a falsifiable target for third-generation gravitational wave detectors. The mass gap,
in this framework, is not a puzzle to be explained by astrophysical contingency. It is a structural
prediction of the Lagrangian.
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Appendix: Code and Reproducibility

All numerical results in this paper are reproducible from three Python scripts, available at
github.com/RandominternetPreson/moire-phase-space-sampler. The scripts require only



Python 3.10+ and NumPy. No GPU or specialized hardware is needed. Total computation time
for full reproduction: approximately 3 hours on a modern multi-core CPU with 8+ GB RAM.

A.1 dst_eta_calculator.py — Enhancement Factor Computation

Computes the many-body enhancement factor n(p) from first-principles 3D overlap integrals.
The script places 13 nucleons (1 central + 12 nearest neighbors) on a 3D grid, computes the
cross-coupling energy density Y2g@_r?|®_0|? for the total superposed fields, and extracts the
fractional enhancement over isolated nucleons. Radial displacement uses Yukawa profiles (¢_r
~ exp(-r/N)/r); rotational displacement uses Gaussian profiles (®_6 ~ exp(-r¥202)). Phase
alignment (A8 = 0) is imposed throughout, consistent with BCS superfluid pairing.

Usage:

python dst_eta_calculator.py --convergence

Runs a grid convergence test at p = 5p,. Verifies that the chosen grid resolution is sufficient
(convergence to <2% requires 1612 or higher).

python dst_eta_calculator.py --quick --grid 161

Quick sanity check: 10 density points, default profile parameters (A = 1.41 fm, o = 0.50 fm), FCC
lattice only. Runtime: ~1 minute.

python dst_eta_calculator.py --grid 161 --n-random 10 --output dst_eta_results.csv

Full publication sweep: 20 density points (1.5-12.0 po), 5 Yukawa ranges (A = 1.0, 1.2, 1.41, 1.6,
2.0 fm), 4 Gaussian widths (o = 0.35, 0.50, 0.65, 0.80 fm), 2 structured lattices (FCC, BCC), 10
random liquid-like packing realizations. Total: 4,800 runs. Runtime: ~175 minutes on a Xeon
CPU. Produces Table 1 of this paper.

Key output: n exponent = 1.489 [95% CI: 1.450-1.534] across 240 parameter combinations.
Total DST energy density exponent = 3.155 [3.117-3.200]. Exceeds Fermi pressure exponent
(1.667) in 100% of cases.

A.2 dst_alpha_s_derived.py — Strong Coupling from DST Geometry

Derives the strong coupling constant from the SU(3) displacement manifold geometry and runs
it through standard QCD quark mass thresholds. The DST formula is a_s x In(m_Pl/m_e) =
21/In(21°), giving a_s(m_PI) = 0.01900. The logarithmic (rather than linear) entry of the
manifold volume arises from the Faddeev-Popov ghost determinant in non-Abelian gauge
theory — a Tr In structure that is absent in Abelian (EM) theories where the Faddeev-Popov
determinant is trivial. One-loop running with 6 quark flavors decoupling at their respective
masses produces the values used in Section 4.3. The bare formula has a residual of —-0.266%,
identical to the EM residual (-0.270%). The universal self-referential correction 9/64 = (3/8)?
closes both residuals to <0.01%.

Usage:

python dst_alpha_s_derived.py

No flags. Prints the complete running table from m_PI to 500 MeV. Key output: a_s(m_2Z) =
0.116 (observed: 0.1179, error: 1.6%). a_s(1 GeV) = 0.34, used in the bootstrap calculation.
Runtime: <1 second.

A.3 dst_mass_gap_bootstrap_updated.py — Self-Consistent Bootstrap

Solves the self-consistent equation M_DST = M_GR x (1 + 9) iteratively, using the Phase 1
enhancement factor (n = 2.44 x (p/pe)*1.489) and the Phase 2 strong coupling (a_s = 0.34,
giving a_s/a = 46.6). The density profile uses an n = 1 polytrope with NICER-consistent mass-
radius relation. The superfluid fraction f_sf(p) ramps from 0 at 0.5p, to 0.85 at p,, with a sigmoid
cutoff at the deconfinement crossover (~7po). Iteration uses 0.3/0.7 damped updates; collapse is
declared when C_total > 0.48 or & > 50.



Usage:

python dst_mass_gap_bootstrap _updated.py

No flags. Runs both the original (v16) and updated (Phase 1+2) bootstraps side by side for
comparison, plus a sensitivity sweep across a_s = 0.20—1.00. Produces Tables 2 and 4 of this
paper. Runtime: ~30 seconds.

Key output: Last stable mass M_DST =2.10 M o (updated) vs 2.75 M © (original). Collapse
threshold exists for all tested a_s values (0.20—1.00). Sensitivity analysis shows threshold at
2.61-2.82 M o across three equations of state at the DST-derived a_s = 0.34.

A.4 Full Reproduction Procedure

To reproduce all results from scratch:

Step 1. Verify grid convergence:

python dst_eta_calculator.py --convergence

Expected: n stabilizes to <2% variation above 1612 grid resolution.

Step 2. Run the full n sweep (produces Table 1):

python dst_eta_calculator.py --grid 161 --n-random 10 --output dst_eta_results.csv

Expected: n exponent = 1.49, total DST exponent = 3.16, exceeds Fermi (1.667) in 100% of
cases. Runtime: ~3 hours.

Step 3. Verify the strong coupling derivation:

python dst_alpha_s_derived.py

Expected: a_s(m_2Z) = 0.116, error vs observed = -1.6%.

Step 4. Run the bootstrap (produces Tables 2 and 4):

python dst_mass_gap_bootstrap_updated.py

Expected: Last stable M_DST = 2.10 M o . Collapse threshold present across all tested EOS
and coupling values.

Step 5. Verify encoding fix for CSV output (Windows only):

If running on Windows, line 567 of dst_eta_calculator.py must use open(filename, 'w',
encoding="utf-8") to avoid a cp1252 encoding error on Unicode characters in the CSV header.

A.5 Dependencies and Requirements

Python 3.10 or later. NumPy 1.24 or later (for np.trapezoid; use np.trapz on NumPy < 2.0). No
other dependencies. No GPU required. Tested on: Windows 11 (Python 3.14, Xeon CPU, 128
GB RAM) and Ubuntu 24 (Python 3.12). Minimum RAM for 1612 grid: ~8 GB.

A.6 Code Availability

All code is available at:

github.com/RandomIinternetPreson/moire-phase-space-sampler

The repository also contains the moiré-Wigner reconstruction code from the main DST paper
[8], including demo.py, moire_wigner.py, and the full mathematical derivation
(DERIVATION.md).

File manifest for this paper:

dst_eta_calculator.py — 3D many-body overlap integral calculator (Table 1)
dst_alpha_s_derived.py — Strong coupling from SU(3) geometry (Section 4.3)
dst_mass_gap_bootstrap_updated.py — Self-consistent bootstrap (Tables 2, 4)

Superseded files (retained in repository for version history):
dst_alpha_s_running.py — Original a_s code using measure = 1 (v16). Superseded by
dst_alpha_s_derived.py.



dst_mass_gap_bootstrap _code.py — Original bootstrap using n*2.226 (v16). Superseded by
dst_mass_gap_bootstrap _updated.py.



