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Abstract

A cumulative no-go argument is presented for metric-distortion propulsion
based on the systematic audit of five mechanisms proposed to relax the Quantum
Inequalities (QI) of Ford–Roman [4]. Prior work [1,2] established a 15-order-of-
magnitude gap between the negative energy density produced by the standard
Dynamical Casimir Effect (∼6 × 10−50 J for 20 modulators at 150 kHz) and
the Ford–Roman limit for the toroidal geometry studied (|ρQI| ≈ 183.3 J/m3,
Etotal ≲ 187 J). The five audited mechanisms are: (1) standard DCE with
vacuum coupling; (2) non-minimal coupling ξ in Xenon plasma via the Gordon
metric; (3) Lorentz Invariance Violation of the Myers–Pospelov type; (4) ultra-
relativistic plasma with high plasma frequency ωp; (5) Doubly Special Relativity
(DSR) with a Planck minimum length. An independent analytic refutation
is derived for each mechanism using distinct theoretical tools and sources of
evidence. The central result is that the 15-order-of-magnitude gap is robust:
no mechanism within known physics and current observational bounds can close
it. For the LIV case, an explicit derivation shows that the correction to the QI
is of order (E/MPl)

2, requiring E ∼ 3 × 107MPl to close the gap—which is
physically absurd.

Keywords: warp drive, quantum inequalities, Ford–Roman, Dynamical Casimir Ef-
fect, ξ coupling, Myers–Pospelov, DSR, no-go argument.

1 Introduction

Metric-distortion propulsion [3] requires macroscopic negative energy densities that the
Quantum Inequalities (QI) of Ford–Roman [4] severely restrict. In prior work [1, 2] it
was shown that for a White–Natario toroidal configuration with wall thickness ∆ =

0.2614 m, the admissible negative energy density limit is:
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|ρQI| =
3ℏ

32π2τ 40
≈ 183.3 Jm−3, τ0 =

∆

c
= 8.72× 10−10 s, (1)

equivalent to a total energy Emax
QI ≲ 187 J, while the warp drive requirement is of order

1017 J/m3. This 15-order-of-magnitude discrepancy defines the energy gap central to
this research series.

A natural strategy to overcome this obstacle is to seek physical mechanisms that
modify or relax the QI. This paper systematically audits five such mechanisms, build-
ing a cumulative no-go argument: each audit uses independent theoretical tools and
evidence sources, so the joint refutation is more robust than any of its individual parts.

2 Mechanism 1: Standard Dynamical Casimir Ef-
fect

2.1 Hypothesis

The Dynamical Casimir Effect (DCE) [8, 9] can generate sufficient negative energy
via 20 hyperbolic graphene/SiO2 modulators operating at 150.75 kHz with injected
squeezed vacuum (12 dB squeezing).

2.2 Derivation and refutation

The radiated power of the DCE for an ideal oscillating cavity is [8]:

PDCE ≈ ℏω4A2

c3
, (2)

with ω = 2π × 150750 rad/s and optimistic amplitude A = 10−6 m. For a single
modulator:

P
(1)
DCE =

(1.055× 10−34)(9.47× 105)4(10−6)2

(3× 108)3
≈ 3.1× 10−51 W. (3)

For 20 modulators over t = 1 s: EDCE ≈ 6.2× 10−50 J.

2.3 Conclusion

The gap between 6.2 × 10−50 J and the Ford–Roman limit (∼187 J) is 52 orders
of magnitude. The gap relative to the warp drive requirement (∼1017 J/m3) is 65
orders. Standard DCE cannot close the gap under any realistic regime.
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3 Mechanism 2: Non-Minimal Coupling ξ in Xenon
Plasma

3.1 Hypothesis

The non-minimal coupling ξ between the scalar field and the effective curvature in-
duced by dense Xenon plasma (ne = 8.5× 1022 m−3, T = 1.5× 106 K) via the Gordon
metric [10] can relax the QI by elevating the admissible negative energy density limit.

3.2 Formulation

The Lagrangian of the non-minimally coupled scalar field is:

L = 1
2
gµν∂µϕ ∂νϕ− 1

2
m2ϕ2 − 1

2
ξR ϕ2 + Lint(ϕ,Aµ). (4)

The Xenon plasma frequency for the system parameters:

ωp =

√
nee2

meϵ0
≈ 1.64× 1013 rad s−1. (5)

The Gordon metric [10] geffµν = ηµν + (n2 − 1)uµuν induces an effective curvature
Reff on which the coupling ξ = 0.05 is proposed to act.

3.3 Refutation: UV restoration of Lorentz invariance

Following Visser [11] and Liberati et al. [12], UV modes of the quantum field with
|k| ≫ ωp/c do not perceive the Gordon metric:

n(|k|) |k|→∞−−−−→ 1, geffµν → ηµν . (6)

Since ωp ≈ 1.64× 1013 rad/s, the UV cutoff occurs at λ ∼ 10−4 m. The QI involve
modes at all scales, including UV, so the ξ coupling does not act at the dominant QI
scales. Lorentz invariance is restored in the UV [12], nullifying the effect.

3.4 Conclusion

The Ford–Roman limit is restored at |ρQI| = 183.3 J/m3. The 15-order-of-magnitude
gap remains unchanged.
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4 Mechanism 3: Lorentz Invariance Violation (Myers–
Pospelov)

4.1 Hypothesis

A Myers–Pospelov modified dispersion relation [13] breaks the UV Lorentz restoration,
creating room for additional negative energy.

4.2 Full derivation

Dispersion relation. Following Myers & Pospelov [13], the dominant dimension-5
operator introduces:

E2 = p2 +m2 +
α

Λ
p3, (7)

with α ∼ O(1) and Λ ∼ MPl ∼ 1019 GeV. For m = 0, the frequency expands as:

ω(p) = p+
α

2Λ
p2 +O(1/Λ2). (8)

Modified Wightman function. Expanding the exponent to first order in 1/Λ:

e−iω(p)t ≈ e−ipt
(
1− iα

2Λ
p2t

)
. (9)

Modified density of states. Inverting (7) to first order: p = ω− α
2Λ
ω2 +O(1/Λ2).

The density of states becomes:

ρ(ω) =
ω2

2π2

(
1− α

Λ
ω + · · ·

)
. (10)

Correction to the QI. Following the spectral method of Fewster & Eveson [6], the
lower bound on the time-averaged T00 with a Gaussian profile of width τ0 is:

⟨T00⟩ψ ≥ −
∫ ∞

0

dω

2π
ρ(ω) f(ωτ0), f(x) =

1√
π
x3e−x

2

. (11)

The linear correction in 1/Λ takes the form:

∆⟨T00⟩ ∝ − α

Λτ0

∫ ∞

0

dx x4e−x
2

. (12)

However, when the full contribution of the p3 term in the Wightman function is
included—which is odd under p → −p—the net linear contribution vanishes by parity
symmetry of the integrand when integrating over the full spectrum. The first non-zero
correction is quadratic:
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⟨T00⟩ψ ≥ − 3

32π2τ 40

(
1 + C

1

Λ2τ 20
+ · · ·

)
, (13)

where C is a numerical constant of order unity.

Energy scale required to close the gap. The relaxation factor is:

|⟨T00⟩LIV|
|⟨T00⟩std|

= 1 + C

(
τ−1
0

Λ

)2

= 1 + C

(
E

MPl

)2

. (14)

For this factor to reach 1015 (the gap to close):(
E

MPl

)2

∼ 1015 =⇒ E ∼ 107.5 MPl ≈ 3× 107 MPl. (15)

This is physically absurd: the process energy cannot exceed the Planck scale. Even
for E ∼ MPl, the correction factor is of order unity, not 1015.

4.3 Observational confrontation

Abdo et al. [14] established from GRB090510 that the linear LIV scale satisfies Λ >

1.2MPl. This confirms that any LIV effect manifests only at trans-Planckian energies,
inaccessible to laboratory processes.

4.4 Conclusion

The LIV correction to the QI is of order (E/MPl)
2 ≪ 1 for all sub-Planckian energies.

The 15-order-of-magnitude gap remains unchanged.

5 Mechanism 4: Ultra-Relativistic Plasma with High
ωp

5.1 Hypothesis

If the plasma frequency ωp approached the Planck scale, even UV modes would perceive
the Gordon metric, preventing Lorentz restoration and preserving the ξ coupling effect.

5.2 Candidates and refutation

No physically realizable candidates exist. Plasmas with ωp ∼ MPl would require
electron densities of order ne ∼ M2

Plmeϵ0/e
2 ∼ 1080 m−3, orders of magnitude above
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any known plasma, including magnetars (ne ∼ 1036 m−3) and quark-gluon plasma
(ne ∼ 1045 m−3).

Gravitational collapse. The energy density required to sustain such a plasma ex-
ceeds the Planck density ρPl = c5/(ℏG2) ≈ 5 × 1096 kg/m3. A macroscopic volume
with that density would immediately collapse into a black hole, preventing any effect
on the QI.

Equivalence with massive photon LIV. In the high-density limit, the extended
Gordon metric is equivalent to a model with effective photon mass meff

γ ∼ ωp. For
ωp ∼ MPl, this corresponds to an LIV model already strongly constrained by Abdo et
al. [14] and Collins et al. [15].

5.3 Conclusion

The mechanism is unviable for three independent reasons. The gap remains un-
changed.

6 Mechanism 5: Doubly Special Relativity (DSR)

6.1 Hypothesis

DSR theories [16, 17] introduce a second invariant scale (the Planck length ℓP ) that
deforms the Lorentz group at high energies, imposing a natural UV cutoff that might
prevent Lorentz restoration and preserve the QI modification.

6.2 Refutation

Restoration of low-energy physics. In effective quantum field theory, dimension-
5 operators (as in DSR) become irrelevant at energies E ≪ MPl. The effective La-
grangian returns to its standard Lorentz-invariant form at the energy scales relevant
to the warp drive system.

Robustness of the QI in DSR. The correction to the QI in DSR frameworks
follows the same spectral analysis of Section 4: the first non-zero correction is of order
(E/EP )

2. The two main realizations differ in their dispersion relation:

• DSR1 (Amelino-Camelia [16]): cubic term suppressed by EP ,

E2 ≈ p2 − λE p2 + · · · , λ = 1/EP , (16)

6



Cumulative no-go argument for warp drive propulsion Bravo, M. (2026)

which at low energies reproduces the same perturbative structure as the Myers–
Pospelov MDR (7).

• DSR2 (Magueijo–Smolin [17]): rational form,

Ẽ2 =
p2

(1− λp)2
, λ = 1/EP , (17)

which expanded for λp ≪ 1 also produces corrections of order (E/EP )
2.

In both cases the perturbative expansion at low energies reproduces the structure
of (13), with corrections of order (E/EP )

2.

Planck scale inaccessible. For DSR corrections to be relevant at the motor’s op-
erating scale, EP would need to be accessible in that regime. This contradicts the
basic principle of DSR: the Planck scale is invariant precisely because no laboratory
process can reach it.

6.3 Conclusion

DSR provides no significant relaxation of the QI. Corrections are of order (E/EP )
2 ≪

10−15 for all laboratory energies. The gap remains unchanged.

7 Synthesis: Cumulative No-Go Argument

Table 1 summarizes the five audited mechanisms, their results, and the evidence
sources for each refutation.

The structure of the argument is cumulative in a precise sense: each refutation
uses distinct theoretical tools (standard QFT, medium physics, perturbative MDR ex-
pansion, deformed Lorentz group theory) and independent sources of evidence (Ford–
Roman, Visser, GRB090510, Collins). A hypothetical future mechanism that evades
all refutations simultaneously would require new physics contradicting each of these
sources consistently, which constitutes an extraordinarily high standard.

8 Necessary Conditions for Evading the Argument

For a future mechanism to close the gap, it would need to satisfy all of the following
conditions simultaneously:

1. Generate negative energy of order 1017 J/m3 at laboratory frequencies, exceeding
the Ford–Roman limit by at least 15 orders of magnitude.
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Table 1: Summary of the cumulative no-go argument.

Mechanism Prediction Actual result Source

Standard DCE Sufficient negative
energy

6× 10−50 J
(65 orders short)

Moore [8]

ξ coupling in
plasma

QI limit raised to
459 J/m3

183.3 J/m3

(459 J/m3 only if
plasma worked;
UV restores Lorentz)

Visser [11]

LIV Myers–
Pospelov

(E/MPl)
2 correc-

tion closes gap
Requires E ∼ 3 ×
107 MPl

(physically absurd)

Myers [13],
Abdo [14]

Ultra-
relativistic
plasma

ωp ∼ MPl prevents
UV restoration

Unviable
(3 independent rea-
sons)

Collins [15],
Abdo [14]

DSR / mini-
mum
length

Planck UV cutoff
modifies QI

Corrections
(E/EP )

2 ≪ 10−15

Amelino-
Camelia
[16]

15-order-of-magnitude gap: robust against all five mechanisms

2. Do so via a mechanism operating at energies E ≪ MPl, without relying on
trans-Planckian effects excluded by Abdo et al. [14].

3. Not contradict low-energy Lorentz invariance, excluded by Collins et al. [15] in
the naturalness regime.

4. Avoid gravitational collapse of the negative energy source.

5. Satisfy the generalized QI of Fewster [7] for curved spacetimes, which are more
restrictive than flat-space QI.

No known mechanism satisfies all five conditions simultaneously. The theoretically
most promising direction remains the Lentz soliton metric [19], which avoids the net
negative energy requirement by construction, although its absolute energy require-
ments remain astronomical [20].

9 Conclusions

1. A cumulative no-go argument has been constructed based on the audit of five
independent mechanisms proposed to relax the Ford–Roman Quantum Inequal-
ities for warp propulsion.
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2. Mechanism 1 (standard DCE) produces 6.2× 10−50 J, 65 orders of magnitude
below the warp drive requirement.

3. Mechanism 2 (ξ coupling in plasma) fails because UV modes restore Lorentz
invariance, nullifying the Gordon metric effect at the dominant QI scales.

4. Mechanism 3 (Myers–Pospelov LIV) produces a correction of order (E/MPl)
2.

Closing the 1015 gap would require E ∼ 3× 107 MPl, which is physically absurd.
The observational bounds of Abdo et al. [14] (GRB090510) confirm Λ > 1.2MPl.

5. Mechanism 4 (ultra-relativistic plasma) is unviable due to: absence of phys-
ically realizable candidates, immediate gravitational collapse, and equivalence
with observationally excluded massive-photon LIV.

6. Mechanism 5 (DSR) produces corrections (E/EP )
2 ≪ 10−15 for all laboratory

energies—insufficient by definition to close the gap.

7. The 15-order-of-magnitude gap between negative energy production by stan-
dard DCE and the warp drive requirement is robust against all five audited
mechanisms within known physics and current observational bounds.

8. The most promising direction for future research remains the Lentz metric [19],
which avoids net negative energy dependence by construction. A Ford–Roman
audit of that metric constitutes the natural next step.
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