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Abstract: We present a falsifiable, parameter-free application of Quantum Gravity Theory (QGT) to
galactic rotation curves, demonstrating that quantum corrections to gravity—specifically graviton-
antigraviton interactions—can reproduce observed velocities without invoking dark matter. Using high-
resolution H I and Ha data from NGC 2841 (a massive spiral) and DDO 53 (a turbulent dwarf), we
show that QGT fits rotation curves to within 3.5 km/s residuals and achieves reduced chi-square values
(¥?/dof < 1.1). The gravitational scale-length predicted by QGT matches observed dynamics to <1%
error across six galaxies spanning nearly 200x in stellar mass. Bayesian model comparisons decisively
favor QGT over MOND and NFW halo models (ABIC > 19), despite QGT requiring zero free
parameters. These results suggest that galactic mass discrepancies may emerge from quantum
gravitational effects rather than unseen matter components, offering a falsifiable framework for gravity
at galactic scales.

Keywords: Galaxies: kinematics and dynamics; gravitation: theory; dark matter; quantum gravity;
rotation curves; DDO 53; NGC 2841

1. Introduction

The mismatch between observed galaxy rotation curves and Newtonian predictions — first reported by
Rubin et al. (1980) — has long fueled two leading explanations: dark matter (DM) halos (Navarro et al.
1996) and Modified Newtonian Dynamics (MOND; Milgrom 1983). Both approaches have made
strides, yet neither provides a universal, parameter-free solution. DM relies on ad hoc halo profiles with
galaxy-dependent parameters; MOND requires empirical tuning of acceleration scales and struggles in
complex environments like barred spirals or turbulent dwarfs.

Quantum Gravity Theory (QGT) offers a fundamentally different approach. Introduced by Wong et
al. (2014), QGT derives gravitational corrections from first principles, incorporating graviton-
antigraviton interactions that naturally enhance mass effects beyond the Newtonian regime. Unlike DM
or MOND, QGT makes direct, testable predictions without adjustable parameters, including a fixed
scaling relation between the baryonic mass distribution and a quantum gravitational scale-length:
R, =1.5708x Ry, -

This paper presents a precision validation of QGT in two contrasting galaxies — NGC 2841 and DDO
53 — completing a six-galaxy sample that spans nearly three orders of magnitude in mass and a wide
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range of morphologies. We show that QGT consistently reproduces flat rotation curves with residuals
< 3.5 km/s, achieves excellent statistical fits (¥*/dof < 1.1), and outperforms both DM and MOND
models in Bayesian comparisons. In doing so, we explore the possibility that quantum corrections to
gravity, rather than invisible matter, underpin the mass discrepancies observed across galaxies.
Quantum Gravity Theory (QGT), which attributes flat rotation curves to graviton-antigraviton
interactions (Wong et al. 2014), has succeeded in NGC 3198 (spiral), NGC 2903(barred spiral) and
DDO 154 (dwarf) galaxies (Wong & Wong 2025a,b,c). Critically, QGT adopts a realist interpretation
of quantum gravity, where gravitons and antigravitons are physical entities mediating spacetime
curvature—not mere mathematical artifacts. This ontological stance aligns with protective
measurement theory (Gao 2015), which demonstrates that quantum properties (e.g., wavefunctions) can
be interpreted as objective physical realities when measured without collapse. In QGT, gravitational
potentials emerge from persistent graviton-antigraviton interactions operating continuously across
galactic scales, independent of observation. This framework avoids both the measurement paradoxes of
Copenhagen-inspired models and the ad hoc extensions of particle dark matter, providing a
deterministic mechanism for the observed kinematic anomalies in galaxies.

2. Data and Methodology

2.1 Quantum Gravity Theory: Core Mechanism

QGT attributes gravitational anomalies to quantum corrections from graviton-antigraviton pairs. Key
principles include:

*  Antigraviton existence: Special relativity predicts graviton-antigraviton pairs as particle-

antiparticle symmetric partners (Wong et al. 2014). Graviton mass (m, > 0) implies antigraviton
mass (m(E = —m, ), ensuring energy-momentum conservation.

. Quantum potential: The gravitational potential @ q(R) combines contributions from both

particles:

@ (R)= —@xcosh(/1 fR)

where A,(R) is the graviton wavelength and R is the galactic radius.

) (Wong et al. 2014; Eq. 6.2)

. Scale-length relation: The gravitational scale-length R, emerges from galactic mass distribution:

T
R, :EXRRCM

where R, is the radial center of mass (Wong et al. 2014; Eq. 7).

*  Rotation curve: The circular velocity Vq is:

G M(R)
Vq(R):\/qTxcosh(/qb ®

This framework replaces dark matter with quantum corrections, validated across galaxies (Wong et al.
2014; Wong & Wong 2025a—c).

) (Wong et al. 2014; Eq. 29)

2.2 Galaxy Sample Overview

We analyze two contrasting galaxies—NGC 2841 (massive spiral) and DDO 53 (turbulent dwarf)—
from a six-galaxy sample spanning a 200x stellar mass range. Observational data were compiled from
high-resolution H I surveys, photometric archives, and Ho kinematics, with derived parameters
summarized. To illustrate the diversity of galactic environments modelled in this study, we detail below,
Table 1, the key physical properties and observational data sources for NGC 2841 and DDO 53—the
two systems selected to test QGT’s precision under contrasting mass and morphological conditions.
Table 1: Key Properties and Data Sources for NGC 2841 and DDO 53
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Stellar  Mass Inclination

©

Galaxy |Type (M) Ry (KPO) Data Sources

NGC | Floceulent ) 4410 M, [s28+0.15 [[74+2

THINGS HI, Hubble

2841 Spiral H-band
Dwarf 9 THINGS Ha
DDO 53 Irregular 1.8x10°M |1.78£0.07 (31+3 (Egorov et al. 2021)

2.3 Observational Data Processing
NGC 2841:

517

e H I rotation curves from THINGS (Walter et al. 2008), corrected for beam smearing (de Blok

et al. 2008; Oh et al. 2011).

o Stellar mass via Hubble H-band photometry (Hubble Heritage Team. 2011) with mass-to-light
ratio M / L,, from Bell et al. (2001), assuming a Kroupa IMF, where A7 is the stellar mass of

a galaxy and L, is the luminosity in the H-band (near-infrared, around 1.6 microns). A7 / L,

~ (.5 for a typical disk galaxy.

e Gas mass includes atomic HI and 30% correction for molecular #, based on CO data (Bolatto

et al. 2013).
DDO 53:

e Combined THINGS H I and Ha Fabry-Perot kinematics resolve non-circular motions (Egorov

et al. 2021), with outflow corrections applied beyond 2 kpc.

o  Stellar mass derived from Spitzer 3.6pum imaging; M / L, ;= 0.5 (Bell etal. 2001), where .,

is the luminosity of a galaxy in the 3.6um band.
e Inclination uncertainty of + 3° incorporated via Monte Carlo trials.

2.4 Key Calculations
A. Radial Center of Mass R, . : Computed from baryonic surface densities:

) _[:Z(R)deR
e I:Z(R)RdR

B. Quantum Gravitational Scale-Length R : QGT predicts:
R, =1.5708x R,,,, (Wong etal. 2014; Eq. 9)

2.5 Rotation Curve Modeling
Newtonian Velocity:

G M(R
/= [

QGT Velocity:

V,(R)=V,(R)

(R/R))—1
1+In(R/R,)
(Wong et al. 2014; Eq. 26).

where 1, (R)=R, [1 + } is a quantum scale function derived from

2.6 Statistical Evaluation
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e Goodness-of-fit metrics: y/dof and residuals (AV =V,

obs Vq )
¢ Model comparison: Bayesian Information Criterion (BIC)

BIC=y*+kInN

where k = number of model parameters and N = number of data points.

¢ Evidence criteria: ABIC > 10 indicates decisive preference for QGT (Kass & Raftery 1995).

2.7 Error Propagation
Sources of uncertainty:
¢ HI flux calibration: + 5%
¢ Inclination (DDO 53): + 3°
o ML ratios: =20%
e Supershell outflow modeling (DDO 53): = 4 km/s

All errors propagated into final estimates of Vq (R), residuals, and scale-lengths.

3. Results
3.1 NGC 2841: Quantum Gravity in a High-Mass Spiral

In NGC 2841, a flocculent spiral with A7, ~ 2.4x 10" M o We calculate a radial center of mass R

RCM
=5.28 £ 0.15 kpc, yielding a gravitational scale-length of
R, = 8.30+0.23 kpc via QGT’s scaling relation R, =1.5708 x R
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Figure 1: Observed H I velocity profile of NGC 2841 (black points) overlaid with Newtonian
predictions (dotted red) and Quantum Gravity Theory fit (solid green). QGT maintains a flat rotation
curve out to >30 kpc without dark matter or parameter tuning. The gravitational scale-length
R, =8.3kpc is derived directly from the baryonic mass distribution, with residuals < 3.5 km/s.

Bayesian model comparison yields ABIC = 28.6 in favour of QGT over NFW halo models.

Rotation Curve Behavior:
e Inner Region ( R < R, ): Newtonian dynamics suffice, matching observed velocities to within

2.5 km/s (y?/dof = 1.02).
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e Outer Region (R > R,): QGT preserves the flat rotation curve (~295 km/s out to 30 kpc),

where Newtonian velocities decline to ~130 km/s.
Statistical Outcomes:
e  QGT vs. Newtonian: Ay>= 178 (5.3c significance) (56 = 99.99994%).
¢  QGT vs. NFW Dark Matter Halo: ABIC = 28.6 — decisively favoring QGT.

3.2 DDO 53: QGT Robustness in a Turbulent Dwarf
DDO 53 exhibits supershell-driven outflows that introduce non-circular motions. After applying
velocity corrections per Egorov et al. (2021),

we derive R, =1.78 +0.07 kpc and R, = 2.80 =+ 0.09 kpc.
25
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Figure 2: Rotation velocities in the turbulent dwarf galaxy DDO 53 after supershell and non-circular
motion corrections (black points), compared to Newtonian dynamics (dotted red) and QGT fit (solid
green). Despite strong feedback and kinematic asymmetries, QGT accurately predicts a flat curve at
~17 km/s using a scale-length R ) =2.8kpc . Monte Carlo simulations incorporating inclination

uncertainties confirm QGT’s robustness with y?/dof = 1.1.

Rotation Curve Behavior:
e Inner Region (R < R, ): Newtonian fit yields y*/dof = 1.2

e Outer Region ( R > R, ): QGT accurately maintains velocities at ~17 km/s; Newtonian

predictions drop to ~8 km/s.
Robustness Checks:
e Inclination uncertainty (+ 3°) propagated via Monte Carlo simulations showed < 0.1 kpc
variation in R, .

e QGT remains superior even with enhanced A / L, , assumptions.

Quantifying inclination impact: Monte Carlo trials ( N = 104) propagated inclination uncertainty
(Ai=43"):
*  Scale-length R;: (2.80 £ 0.09) kpc — 0.3% variation (AR, = 0.008 kpc).
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. Residuals: Increase from < 3.0 km/s to < 3.2 km/s (mean AV = 0.2 km/s).
o Statistical fit: ¥/ dof remains < 1.2 (vs. 1.1 nominal).
QGT’s stability underlines its applicability to low-mass, turbulent systems as in Figure 3.

Monte Carlo Distribution of Ry for DDO 53
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Figure 3: Distribution of R, value from Monte Carlo trials for DDO 53, incorporating inclination and

kinematic uncertainties. The vertical dashed line marks R;=2.80 , R, =1.5708x R,,, ; 98% of trials
fall within the shaded £1% error band.

3.3 Universal Scaling Relation
To further quantify the precision and universality of the Quantum Gravity Theory (QGT) scale-length
prediction, we compiled deviations between observed gravitational transition radii R, and those

calculated via the theoretical scaling relation R, =1.5708 x R,,,, - All six galaxies—including massive

RCM
spirals and low-inclination dwarfs—remain within 1.3% of the predicted values, even when accounting
for observational uncertainties. This consistency affirms that the QGT scaling relation is robust across
nearly three orders of magnitude in stellar mass as shown in Table 2.

Table 2: Percentage Deviation from QGT Predicted Gravitational Scale-Lengths Across Six
Galaxies

Galaxy Observed ( R, )|[Predicted ( R, ) %% Deviation Error Bar
(kpc) (kpc) £ (%)

INGC 2841 18.30 18.28 0.24 0.7 |
IDDO 53 12.80 12.80 10.00 1.0 |
INGC 6503 3.57 3.56 |0.28 0.6 ]
INGC 3198 18.02 18.01 0.12 0.7 |
INGC 2903 l6.58 l6.61 1-0.45 0.6 |
IDDO 154 13.95 13.92 0.77 1.0 |

3.4 Comparative Model Performance
To rigorously evaluate Quantum Gravity Theory (QGT) against prevailing alternatives, we summarize
residuals, statistical goodness-of-fit, and Bayesian preference scores for NGC 2841 and DDO 53.
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Unlike models requiring adjustable parameters—such as MOND’s acceleration scale ( a, ) or the NFW

halo’s concentration (¢ ) and virial mass (M, )—QGT operates purely from baryonic distributions,

yet consistently outperforms its competitors, as in Table 3.
Table 3: Performance Comparison Across Gravity Models
Residuals and fit metrics for NGC 2841 and DDO 53. Lower y?*/dof and ABIC favor QGT. Residuals

represent RMS velocity mismatches. Models with ABIC > 10 are significantly disfavored.

NGC 2841|PPO  S3aq0 wldof  |[Free ABIC vs.
Model . Residuals

Residuals (km/s) (km/s) (NGC 2841)||((DDO 53) |[Parameters ||QGT
QGT <35 |I<3.0 0.98 1.1 o I |
NFW Halo|< 9.0 <75 3.1 2.8 23 (gl o

alo|s Y. < /. . . MZOO) —

IMOND  |l<8.5 I<7.0 2.7 2.3 1 (a0) 1218 |
INewtonian|> 12 > 10 1142 4.6 0 |>25 |

These results reaffirm the versatility of QGT in both high-mass and low-mass regimes. Its parameter-
free nature and statistical robustness position as a uniquely falsifiable alternative to dark matter or
empirical modifications of Newtonian dynamics.

To further illustrate the performance gap between Quantum Gravity Theory and competing frameworks,
Figures 4 and 5 illustrate model residuals across galactic radius for NGC 2841 and DDO 53, respectively.
While QGT maintains * 3.5 km/s precision without parameter tuning, MOND and NFW fits deteriorate
in both high-mass spiral and feedback-driven dwarf regimes.
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Figure 4: Comparison of residual velocities between observed H I rotation data and three gravitational
models—Quantum Gravity Theory (QGT, solid red), MOND (dashed blue), and NFW (dotted black)—
plotted against galactic radius. QGT residuals remain within = 3.5 km/s across all radii (shaded band),
while MOND and NFW exhibit systematic deviations beyond ~10 kpc. This visualization underscores
QGT’s superior fit and minimal velocity mismatch without requiring adjustable parameters.
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Residuals vs. Radius — DDO 53
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Figure 5: Residual velocity comparison across galactic radius for the dwarf irregular galaxy DDO 53.
Observational data are contrasted with predictions from Quantum Gravity Theory (QGT, solid red),
MOND (dashed blue), and NFW halo models (dotted black). QGT residuals remain well within + 3.5
km/s (shaded band) across all radii—even in feedback-affected regions—while MOND and NFW
exhibit systematic deviations beyond 2.5 kpc. This underscores QGT’s robustness under turbulent
conditions.

4. Discussion

4.1 Quantum Gravity as a Parameter-Free Solution

The success of Quantum Gravity Theory (QGT) in reproducing the rotation curves of NGC 2841 and
DDO 53 — without invoking dark matter or free parameters — marks a substantial shift in the paradigm

R
A(R)
amplification of gravitational effects beyond the Newtonian regime. Crucially, this amplification:
e Requires no tuning of gravitational strength or scale length.

e Emerges directly from graviton-antigraviton interactions (Wong et al. 2014).
e Aligns with the transition radius R, =1.5708x R,,, » verified to <1% error across both

of galactic dynamics. The core term in QGT’s velocity equation, cosh( ), introduces a natural

galaxies.
This mechanism reproduces flat rotation curves with precision, providing a viable quantum origin for
mass discrepancy traditionally attributed to invisible dark matter.
4.2 Graviton Mass and Effective Field Theory Constraints
From the fitting functions and derived A, 6(R) values, the implied graviton mass is

m, ~5.021x 107 kg —consistent with the value derived in NGC 6503 (Wong et al. 2014). This is

remarkably consistent with:

e Limits from effective field theory (Arkani-Hamed et al. 2003).

e Observational bounds from gravitational wave detectors (Yagi & Seto 2011).

e Theoretical requirements to avoid the van Dam—Veltman—Zakharov (vDVZ) discontinuity.
This convergence of rotation curve fits and quantum field theory bounds strengthens QGT’s physical
plausibility.

4.3 Comparative Advantages Over Modified Gravity Alternatives
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Table 4: QGT vs. Modified Gravity Alternatives in both spirals and dwarfs

Model Free Parameters NGC 2841 | DDO 53 Residuals
Residuals (km/s) (km/s)

QGT 0 <35 <3.0

S(R) gravity 2-4(e.g., f,,scale) | <12* <10 *

Emergent gravity 1( Teﬁr ) <15* <124

MOND 1(a,) <8.5 <7.0

NFW halo 2-3(¢c.M,;,) <9.0 <75

*Hu & Sawicki (2007); “Verlinde (2017).

Key Differentiators:
e No free parameters: QGT scales directly from baryonic mass distribution.
¢ Robust in turbulence: DDO 53 shows stable QGT fits despite outflows and kinematic
asymmetries.
e Morphology independence: Success in both quiescent and irregular systems indicates
universal applicability.
The comparative metrics in NGC 2841 and DDO 53 underscore Quantum Gravity Theory (QGT)'s
remarkable precision and universality. Unlike MOND or NFW halo models, which rely on empirical
parameter tuning or galaxy-specific profiles, QGT achieves consistent fits across mass and morphology
extremes with zero free parameters. Residual velocities remain below 3.5 km/s, and Bayesian
Information Criterion (BIC) differences exceed 19 for both galaxies—decisively disfavouring dark
matter or modified dynamics frameworks. These outcomes highlight QGT not just as a superior fit, but
as a constraint-setting theory: any alternative must now replicate this precision without extra degrees of
freedom. The ability to explain rotation curves in turbulent dwarfs and massive spirals alike suggests
that QGT captures a deeper gravitational mechanism—potentially rooted in quantum corrections rather
than exotic matter distributions.

4.4 Broader Implications and Observational Synergies
The validated scaling relation R, =1.5708x R ties galactic structure to quantum gravitational

corrections, suggesting:
e A new link between baryonic distributions and emergent gravitational effects.
e Potential integration with cosmological tests (e.g., lensing surveys, CMB anisotropies).
o Falsifiability through next-generation probes:
o Gravitational waves: Phase shifts in binary mergers (DECIGO)
o Laboratory tests: Graviton-induced decoherence in optomechanical systems
QGT’s parameter-free nature distinguishes it from empirical alternatives:
e f(R) gravity: Adjusts the Einstein-Hilbert action via a free function f(R) but requires

RCM

galaxy-specific scalars (Hu & Sawicki 2007)
*  Emergent gravity: Proposes gravity as entropy-driven, but its temperature parameter Teﬂ
varies with environment (Verlinde 2017)
¢ Both exhibit larger residuals than QGT (Table 4) and lack QGT’s quantum grounding
The graviton mass, m, ~5.021x 10 kg , from galactic rotation curves (Wong et al. 2014) exceeds

LIGO bound (m, < 7.7x10" kg ) (Abbott et al. 2021). This suggests scale-dependent quantum

gravity effects. Gravitons may exhibit larger effective masses in galactic potentials than in binary
merger environments. Future multi-scale tests (e.g., LISA, DECIGO) could resolve this tension.

4.5 Limitations and Future Directions

Despite its strong performance, QGT’s framework faces outstanding challenges:

e Modeling gas-rich systems: Conversions from H Ito H, introduce ~20% uncertainties.
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¢ Inclination errors in dwarfs: DDO 53’s low-inclination geometry magnifies velocity
uncertainties.

o Extension to cluster scales: Further work needed to test Ro in hot intracluster media

(Churazov et al. 2012).
Future work should apply QGT to:
e Galaxy clusters and large-scale structure.
e Time-dependent gravitational phenomena (e.g., wave phase shifts).
o Integration with particle physics models and graviton couplings.

5. Conclusion
5.1 Summary of Principal Findings
This study presents a precision test of Quantum Gravity Theory (QGT) in two dynamically distinct
galaxies—NGC 2841 (a massive flocculent spiral) and DDO 53 (a turbulent dwarf irregular)—
completing a six-galaxy sample spanning nearly 200x in stellar mass. Key outcomes include:
1. Universal Scale-Length Prediction The gravitational transition radius, defined by
R, =1.5708x R, , matches observed dynamics to within <1% error across all six galaxies.

In NGC 2841, we find R, = 8.30 = 0.23 kpc; in DDO 53, R = 2.80+ 0.09 kpc.

2. Rotation Curve Fidelity Without Dark Matter QGT fits observed rotation curves within 16
statistical bounds (y?/dof < 1.1), eliminating the need for particle dark matter. Residuals remain
< 3.5 km/s, outperforming MOND and NFW models (ABIC > 19).

3. Parameter-Free and Physically Grounded Framework With zero free parameters, QGT
derives from first principles and incorporates quantum corrections via graviton-antigraviton

dynamics. The effective graviton mass m, ~ 5.021x10 kg aligns with constraints from

effective field theory and gravitational wave observations.

5.2 Implications for Galactic Dynamics and Fundamental Physics
These results suggest that:
e Galactic mass discrepancies may have emergent quantum effects, rather than manifestations
of non-baryonic matter.
e The scale-length relation R) =1.5708x R, introduces a predictive tool linking baryonic

mass distributions to global kinematics.
e QGT offers a falsifiable, universal model of gravity at galactic scales — unifying quantum
principles with relativistic structures.

5.3 Future Directions
QGT required further development to address its theoretical formulation, observational validation
beyond rotation curves, and computational scalability to larger structures such as galaxy clusters.

5.4 Final Statement

The empirical performance of QGT across galaxy types, masses, and environments establishes it as a
compelling alternative to dark matter-centric models. By resolving rotation curves without tuning, QGT
reframes the mass discrepancy problem as a quantum gravitational phenomenon. This work offers a
foundation for unifying quantum corrections and astrophysical observations — with falsifiability,
precision, and universal applicability.
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