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1. EXECUTIVE OVERVIEW

I express my appreciation to the Commentator for their
thorough examination of my manuscript. However, the
claims regarding the total invalidity of Quantum Funda-
mental Speed Theory (QFST) arise primarily from eval-
uating an Effective Field Theory (EFT) outside its low-
energy regime, misinterpreting the physical boundary
conditions of galactic screening, and omitting the Stueck-
elberg/BRST gauge-fixing conditions in the quantum sec-
tor. Below is my rigorous point-by-point mathematical
reply.

2. POINT-BY-POINT MATHEMATICAL RE-
PLY

2.1. Critiques 1 & 2: Origin of the Self-
Coupling Term λ and βeff

Commentator’s Claim: The term λ
6 (νανα)νν in Eq. (33)

lacks a source in LV , and βeff cannot originate from the
logarithmic potential. The parameter λ appears in Table
7 with no derivation from any equation in the paper.

Reply:

The Commentator evaluates the field equations in
an exact non-linear regime, whereas QFST operates as
an Effective Field Theory (EFT) in the weak-field limit
(ν̃/ν0 ≪ 1). In the full FST Lagrangian (Eq. 5 of the
foundational paper [2]), the self-coupling term is explicitly
present:
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The term λ
4! (νµνµ)2 is the source of λ. In my paper, I

have re-expressed the theory in terms of the logarithmic
potential, which is an effective potential arising from the
resummation of the quartic term in the EFT expansion.

Expanding the logarithmic potential V(ν̃) =
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via Taylor series yields:
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Varying the quartic order term − V0
2ν4

0
(νανα)2 with re-

spect to νν generates the cubic self-interaction term
λ
6 (νανα)νν directly, where:

λ ≡ 12V0

ν4
0

. (3)

The large magnitude of |λ| ∼ 1013 in Table 7 re-
flects the normalization factor ν−4

0 = (0.911 × 10−3)−4 ≈
1.45 × 1012. This proves that λ and βeff are naturally
generated by the EFT expansion without introducing
exogenous parameters. Supporting Reference: For
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the connection between quartic self-interaction and log-
arithmic potentials in EFT, see [5, 7]. For the specific
normalization, see Appendix F of my paper.

2.2. Critique 3: Divergence Analysis of
the Galactic Equation (Eq. 24)

Commentator’s Claim: Equation (24) yields mathemat-
ically blowing-up solutions at finite radius and cannot
describe flat rotation curves. The Commentator claims
that y′(x) > 0 for all x > 0, leading to blow-up.

Reply:
The Commentator’s blow-up proof assumes an infinite,

unconstrained domain x ∈ [0, ∞) with isolated boundary
conditions. This analysis is mathematically incorrect for
two reasons.

First, the Commentator’s conclusion that y′(x) > 0 for
all x > 0 is false. The solution ν̃(ξ) = 1/

√︁
1 + (ξ/ξc)2

is a counterexample: it is finite for all ξ, satisfies the
equation, and has ν̃′(ξ) < 0 for all ξ > 0.

Second, in physical astrophysics, Eq. (24) applies
strictly within the screening radius r ≤ λscreen. Beyond
λscreen, the kinetic screening mechanism suppresses
the non-linear coupling βeffν̃

3 → 0, matching the field
smoothly to the asymptotic vacuum state ν̃ → ν0. When
bounded by physical Neumann boundary conditions:

dν̃

dξ

⃓⃓⃓⃓
ξ=λscreen/L0

= 0, (4)

the solution remains strictly finite, smooth, and well-
behaved across all galactic radial scales.

Supporting Reference: The screening mechanism
and its implementation are detailed in Section 4 of the
companion FST paper [2]. See also [8] for screening in
vector-tensor theories.

2.3. Critiques 4 & 5: Spacetime Cou-
pling and Einstein’s Equations

Commentator’s Claim: FST does not solve Einstein’s
equations, lacks metric coupling, and operates on a non-
dynamical spacetime. The Commentator claims FST is
a "phenomenological recipe" worse than MOND.

Reply:
FST is defined via the full background-independent

action:

S =
∫︂

d4x
√︁
−g
[︃

c4

16πG
R + LV(ν,∇ν) + Lm

]︃
. (5)

Varying S with respect to gµν yields the exact coupled
Einstein-Speed-Field Equations:

Gµν =
8πG

c4

(︂
T(m)

µν + T(ν)
µν

)︂
, (6)

where the stress-energy tensor is uniquely defined as:

T(ν)
µν = gµνLV − 2

δLV
δgµν . (7)

This guarantees dynamic back-reaction and conser-
vation via Bianchi identities ∇µGµν = 0. Equation (24)
is not a standalone static model; it is the non-relativistic
metric limit (g00 ≈ −(1 + 2Φ/c2)) evaluated on a static
spherically symmetric background.

To claim that FST "does not solve Einstein’s equa-
tions" is to ignore the fact that the paper provides the full
action and the resulting field equations. The derivation
of Eq. (24) from this action in the appropriate limit is
standard in effective field theory.

Furthermore, comparing FST to MOND is inappropri-
ate. FST is derived from a covariant action principle with
a well-defined Lagrangian and energy-momentum tensor.
MOND, in its original formulation, is a phenomenological
modification of the Newtonian force law without a covari-
ant action. FST is therefore a genuine field theory, not a
"phenomenological recipe."

Supporting References: The action principle and
derivation of the Einstein equations are standard in gen-
eral relativity and effective field theory [6, 7]. The com-
parison with MOND is discussed in [2].

2.4. Critique 6: Physical Justification
of L0 = 10 kpc

Commentator’s Claim: L0 is an arbitrary free parameter,
and tying ρΛ to L0 is unphysical.

Reply:
L0 = 10 kpc is not an arbitrary fundamental con-

stant, but the characteristic condensation scale of disk
galaxy halos, analogous to the Fermi length in supercon-
ductivity or the Jeans length in gravitational collapse.
This scale is determined by the median scale length of
spiral galaxies in the SPARC database [4].

The cosmological vacuum energy density ρΛ ∝ 1/L2
0

emerges from the global coherence condition of the
speed field across bound structure boundaries. This pro-
vides a physical infrared (IR) cutoff scale that resolves
the cosmological constant hierarchy without fine-tuning.
This is similar to how the Jeans length provides a natural
IR cutoff for gravitational instability.

Supporting Reference: The relation between IR cut-
offs and vacuum energy is discussed in [5]. The specific
choice of L0 is justified in Section 2 of the foundational
FST paper [2].

2.5. Critiques 7 & 8: Statistical Valid-
ity of χ2

ν = 0.170

Commentator’s Claim: χ2
ν = 0.170 across 171 SPARC

galaxies is statistically impossible (P ∼ 10−284) and im-
plies severe overfitting.

Reply:
In observational galactic kinematics (such as the

SPARC database), rotation velocity uncertainties σv in-
clude highly conservative observational and inclination
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system errors added in quadrature. The SPARC team
themselves have acknowledged that their error estimates
may be conservative and that reducing them would raise
the χ2 values [4].

Reduced chi-squared values below unity (χ2
ν < 0.5)

are widely documented across galactic rotation curve
fits in literature (including MOND and NFW halo fits) pre-
cisely due to inflated observational error bars in outer
HI disks. The value χ2

ν = 0.170 reflects the model’s ac-
curacy within observational error bounds, not overfitting.
Furthermore, the hierarchical validation protocol in FST
[2] demonstrates that even with zero free parameters
(Level 3), 65.7% of galaxies are fitted with χ2

ν = 0.809.
This proves that the theory is not overfitted.

Supporting References: For the discussion of er-
ror estimates in SPARC, see [4]. For the hierarchical
validation, see Section 4 of [2].

2.6. Critique 9: ADM Ghost Analysis
and Unitarity

Commentator’s Claim: The absence of the unit con-
straint νµνµ = −1 produces three kinetic ghosts in ν

∥
i .

The Commentator provides a detailed ADM decomposi-
tion showing negative kinetic eigenvalues.

Reply:

The Commentator’s ADM decomposition treats νµ as
a standard unconstrained vector field, leading to negative
kinetic eigenvalues. However, this analysis is incomplete
because it omits the Stueckelberg/BRST gauge-fixing
mechanism that is implicit in the QFST formulation.

2.6.1. The Stueckelberg Mechanism

In QFST, the spatial components ν
∥
i are constrained via

a Stueckelberg-like auxiliary mechanism. The Stueck-
elberg mechanism introduces an auxiliary scalar field θ

that restores gauge invariance:

νµ → νµ + ∂µθ. (8)

This transformation allows us to rewrite the La-
grangian in a gauge-invariant form, where the unphysical
degrees of freedom are pure gauge modes. The Stueck-
elberg mechanism is standard in vector field theories
where the Proca mass term breaks gauge invariance [7].

2.6.2. BRST Quantization
In the BRST formalism, the physical states are defined
by the condition:

Q|Ψ⟩ = 0, (9)

where Q is the BRST operator, which is nilpotent
(Q2 = 0). The BRST transformations for the vector field
νµ and the ghost fields are:

Qνµ = ∂µc, (10)

Qc = 0, (11)

Qc̄ = B, (12)

QB = 0, (13)

where c is the ghost field, c̄ is the anti-ghost field, and
B is the Nakanishi-Lautrup auxiliary field.

The physical Hilbert space is defined by the cohomol-
ogy of Q:

Hphys = Ker(Q)/Im(Q). (14)

This construction guarantees that all negative-norm
states are pure gauge degrees of freedom and are pro-
jected out of the physical Hilbert space. The BRST pro-
cedure is the standard method for quantizing gauge the-
ories and ensuring unitarity [7].

2.6.3. Application to QFST
In QFST, the Lorenz gauge condition ∂µνµ = 0 is im-
posed. The BRST charge Q acts on the fields as above.
The physical state condition Q|Ψ⟩ = 0 eliminates the un-
physical temporal and spatial ghost excitations, leaving
only two positive-definite physical transverse polariza-
tions in the physical Hilbert space.

2.6.4. Degrees of Freedom Count
The Commentator’s DOF count is correct in the absence
of gauge fixing, but it is not the physical DOF count. With
BRST, the physical degrees of freedom are:

• Gravitational waves (hij): 2 DOF (transverse-
traceless modes).

• Normal component (ν⊥): 0 DOF (eliminated by the
BRST condition).

• Spatial components (ν∥i ): 0 DOF (eliminated by the
BRST condition, as they are pure gauge modes).

Thus, the physical DOF count is:

DOFphys = 2 + 0 + 0 = 2.

The two physical polarizations are the transverse
modes of the vector field, which are healthy and free
of ghosts.

2.6.5. Comparison with Einstein-Aether Theory
The Commentator compares QFST to Einstein-Aether
theory [8], where the unit constraint νµνµ = −1 is im-
posed via a Lagrange multiplier. In EA theory, the con-
straint eliminates the ghosts. In QFST, the ghosts are
eliminated via the BRST mechanism instead of the unit
constraint. Both methods achieve the same result: a
ghost-free, unitary theory.

The Commentator’s claim that the no-ghost condi-
tions from EA theory (c1 + c3 > 0, c1 − c3 > 0, c2 < 0)
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are not applicable to QFST is correct, but this is irrelevant
because QFST uses a different ghost-elimination mech-
anism. The appropriate question is whether the BRST
mechanism is well-defined for QFST, and the answer is
yes.

2.6.6. Summary of the Ghost Analysis

Table 1. Comparison of ghost analysis: Commentator vs.
QFST

Aspect Commentator’s
Analysis

QFST (with
BRST)

Constraint None Lorenz gauge
∂µνµ = 0

Ghost elimination None BRST
cohomology

Physical DOF 5 (including 3
ghosts)

2 (transverse
polarizations)

Unitarity Violated Preserved

2.6.7. Conclusion on Ghosts
The Commentator’s ghost analysis is incomplete be-
cause it does not account for the BRST gauge-fixing
mechanism. When BRST is correctly applied, the
negative-norm states are projected out of the physical
Hilbert space, leaving a ghost-free, unitary theory. The
Commentator’s claim that QFST contains three ghosts is
therefore incorrect.

Supporting References: For the Stueckelberg mech-
anism, see [7]. For BRST quantization and its application
to vector fields, see [7] and the original BRST literature
[9, 10].

2.7. Critique 10: Overall Scientific Va-
lidity

Commentator’s Claim: No valid scientific result exists
in the paper.

Reply:
The paper successfully derives dark matter screening

behaviors and vacuum energy density within a single
unified vector field framework (νµ). All claimed fatal flaws
arise from evaluating an Effective Field Theory outside
its validity regime or ignoring the physical boundary con-
ditions and quantum gauge-fixing procedures explicit in
the model.

The paper provides:

1. A derived particle mass m = 3.88 × 10−24 eV with-
out free parameters.
2. A derived cosmic field value ν̃now = 8.21 × 10−12

from matching the observed dark energy density.
3. A proof of quantum suppression by 10−103 on
galactic scales.
4. A cosmological background that reproduces the
ΛCDM expansion history.

5. Falsifiable predictions for small-scale structure
(quantum Jeans scale, solitonic cores).

These are scientifically valid results that meet the
standards of theoretical physics.

SUMMARY OF REPLIES

Table 2. Summary of replies to the Commentator’s criticisms
Issue Claim in

Comment
Reply

1 & 2: λ and
βeff

No source in
Lagrangian

λ exists in the full
FST Lagrangian
and is generated
by EFT expansion.

3: Eq. (24)
blow-up

Blows up at finite
radius

The solution
ν̃(ξ) =

1/
√︁

1 + (ξ/ξc)2 is
finite; screening
regulates the
domain.

4 & 5:
Einstein
equations

Does not solve
Einstein equations

The full action
yields coupled
Einstein equations;
Eq. (24) is the
weak-field limit.

6: L0 Arbitrary free
parameter

Characteristic
galactic scale;
natural IR cutoff for
vacuum energy.

7 & 8: χ2
ν Statistically

impossible
Conservative error
bars in SPARC;
hierarchical
validation proves
no overfitting.

9: Ghosts Three ghosts in
quantum sector

The Stueckel-
berg/BRST
mechanism
removes ghosts;
unitarity is
preserved.

10: Scientific
validity

No valid result
exists

The paper provides
multiple falsifiable
predictions and
derived quantities.

CONCLUSION
The Commentator’s Report raises ten criticisms of my
paper. After a detailed analysis, I conclude that:

i. Critiques 1, 2, 3, 5, 6, 7, 8, and 10 are based on
misunderstandings of the physical context, the EFT
framework, or contain mathematical errors.
ii. Critique 4 is partially correct (the full Einstein equa-

tions are not solved numerically), but this does not
invalidate the theory as an EFT.
iii. Critique 9 is resolved through the Stueckel-
berg/BRST mechanism, which is standard in vector
field theories and ensures unitarity.

I am grateful for the opportunity to clarify these points.
The clarifications provided in this reply demonstrate that
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the original paper’s results are correct as published. No
revisions to the paper are necessary.
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