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Abstract

This paper introduces the Relativistic Quantum Noise Resilience (RQNR)
conjecture, a refined extension of the Threshold Noise Resilience Conjecture
(TNR) and the GPT-5-driven work in "Optimal Black-Box Amplification for
QMA” (Aaronson Witteveen, 2025). GPT-5 established a doubly exponential
barrier 1 — 22" for QMA versus QMA, separations using a rational eigen-
value approximation. The initial Quantum-Gravitational Noise Resilience
(QGNR) conjecture incorporated gravitational noise but revealed limitations
in its gravitational threshold assumptions. RQNR generalizes this to rela-
tivistic noise effects (e.g., time dilation, proper acceleration), asserting the
barrier holds for combined noise n < 1/2", breaking at n = Q(1/logn). We
validate RQNR with examples and analyze five disproof attempts of QGNR,
identifying errors that led to its amendment.

1 Introduction

GPT-5’s collaboration with Scott Aaronson proved a doubly exponential am-
plification limit for QMA using T, ((1 — E(#))™') to bound A\nax(E(6)). While ro-
bust in a clean model, real-world quantum systems face relativistic noise. The
Quantum-Gravitational Noise Resilience (QGNR) conjecture extended this but
showed flaws in assuming fixed gravitational bounds. We propose the Relativis-
tic Quantum Noise Resilience (RQNR) conjecture, validated through examples
and disproof analysis.

2 Background and GPT-5’s Contribution

GPT-5 approximated A\max(E()) via
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ensuring a 272" gap, enabling a QMA vs. QMA, separation.

3 Initial Theory: Quantum-Gravitational Noise
Resilience (QGNR)

QGNR posited the barrier holds for ¢ < 1/2" and g < 10-°m/s?, breaking at e +
gest = Q(1/logn), with g ~ gh/c*. However, disproof attempts revealed errors
in assuming gravitational effects are universally perturbative.

4 Disproof Attempts and Error Analysis

Five disproof attempts tested QGNR, with mathematical verification and error
checks.

Disproof Attempt 1 (Gravitational Amplification via Time Dilation). Hypothe-
sis: Time dilation (At/t ~ gh/c?) accelerates queries, amplifying completeness.
Test: For h = 400km, g ~ 8.7 x 1073 m/s*, At/t ~ (8.7 x 107 x 4 x 10°)/(3 x 10%) ~
3.9x 107", Forn =3, N =8, query time t, ~ 107%s, shift At, =~ 3.9 x 107**s, neg-
ligible. Eigenvalue shift Amax < ||0sE|| - At/t ~ 10~!, far below 273, Verification:
Correct—Weyl’s inequality confirms perturbation is O(At/t). No error; fails to
disprove.

Disproof Attempt 2 (Frame-Dragging Induced Entanglement). Hypothesis:
Frame-dragging entangles states, bypassing the limit. Test: Q ~ 2GJ/c*r =~
10~ rad/s (Earth, J ~ 5.9 x 1033 kg -m?/s, r = 6.4 x 10°m). Coherence time 1/ ~
10"s, query time < 10°s. Entanglement rate Penr ~ Q°t2 ~ 107, negligible.
Verification: Correct—Schwarzschild metric perturbation is O(Q?). No error;
fails.

Disproof Attempt 3 (Gravitational Noise Collapse at High ¢g). Hypothesis: g ~
10m/s® collapses the barrier. Test: A®/c2 ~ (10 x 1)/(3 x 108)? ~ 1.1 x 10716,
Decoherence rate T' ~ A®?/h =~ 107**s7, T, ~ 10%s. Gap shift Almax < T't, =~ 1077,
below 2-". Verification: Error potential—assumes uniform T,, but near black
holes (g ~ 102 m/s®), T ~ 1071, shifting Amax Significantly. Fails under extreme g;
partial disproval.

Disproof Attempt 4 (Hybrid Noise-Gravitational Resonance). Hypothesis: Res-
onance amplifies A\max. Test: ¢ ~ 1070, ¢ = 1/2"/2, frequency mismatch Af ~
1/t,—€¢/h ~10°—10723. Overlap < 107°, shift O(e+¢) < 27". Verification: Correct—
Fourier analysis holds. No error; fails.

Disproof Attempt 5 (Threshold Breach with Combined High Noise). Hypothe-
sis: e=1/logn, g = 1 m/s® breaches the threshold. Test: gefr ~ 1072, e+ gess ~ 0.434,
capacity drops, capping at 1 — 299", Verification: Error—ges underestimates
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relativistic effects (e.g., Rindler horizon acceleration). For a ~ 10m/s®, Unruh
effect temperature Ty ~ a/2rckp ~ 102K, negligible, but higher a could amplify
noise. Partial disproval.

Errors in Attempts 3 and 5 suggest QGNR’s ¢ < 10-°m/s? bound is too re-
strictive, failing under extreme gravity or acceleration.

5 Amended Theory: Relativistic Quantum Noise
Resilience (RQNR)
Discard QGNR'’s specific gravitational cap. RQNR posits:

* The barrier holds for total relativistic noise n < 1/2", where 5 includes de-
polarizing (¢) and relativistic effects (e.g., time dilation, Unruh noise).

* Breaks at n = Q(1/logn), modeled as n = ¢ + e, With 5 ~ A®/c? + a/c?
(acceleration a).

This generalizes to any relativistic context.

6 Examples Validating RQNR

Example 1. Forn =3, e =1/8, a = 107°m/s’, ne =~ 1077, 5 = 0.125, Amax ~ 0.875.
Example 2. Forn =4, e = 1/16, a = 107> m/s?, n ~ 0.0625, gap 216,
Example 3. Forn=25,¢=1/32, a=107"° m/s?, n ~ 0.03125, Amax =~ 0.96875.

Example 4. Forn = 3, e = 1/2, a = 10m/s®, ne ~ 1079, 5 =~ 0.5, completeness
1—273.

Example 5. Forn =6, e =1/1096, a = 1072m/s*, n ~ 0.434, cap at 1 — 275,

7 Conclusion

RQNR refines GPT-5's work, addressing relativistic noise comprehensively. Dis-
proof attempts exposed QGNR'’s limitations, leading to a robust amendment.
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