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“The universe measures itself, and the geometry of that measurement is the
manifestation of reality.”

“We do not inhabit spacetime. We compile it, one irreversible distinction at a time.
FEach distinction costs v2. That cost is time.”

— Bharath G. Srivats, 2026

Companion preprints: [1| B.G. Srivats, “Fisher Information Is the Squared Lorentz
Factor.” Zenodo DOIL: 10.5281/zenodo.19363449. [2] B.G. Srivats, “From Measurement
to Reality.” Zenodo DOI: 10.5281 /zenodo.19486140. |3] B.G. Srivats, “The Algebra of the
Qubit as a Lorentz-Conformal Bridge.” Zenodo DOI: 10.5281 /zenodo.19653530. [4] B.G.
Srivats, “Why Current AT Cannot Be Conscious.” Zenodo DOT: 10.5281 /zenodo.19489276.

The proofs are in [1-3]. This document follows the implications. Each claim is labeled
by epistemic status. A framework that cannot fail cannot teach. This one can.
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The Intellectual Arc
1 The Identity

A single mathematical identity anchors this entire program:
For a binary quantum measurement with visibility V' =2p — 1 € (—1, 1), the Fisher
information with respect to V is:

1

"=

=7*4(V) (1)

This is the squared Lorentz factor from special relativity.

The Fisher information of the simplest possible measurement—mbinary, yes or no—is
identically the Lorentz factor squared. This is not a metaphor. It is not an approximation.
It is a mathematical identity, verified by direct computation, and it holds only for binary
quantum systems. For any larger system, the identity breaks. The qubit is geometrically
unique, and the proof of that uniqueness is the subject of the anchor preprint [1].

This document follows the implications. What does it mean that measurement and
spacetime share the same mathematical structure? What follows if we take this identity
seriously—mnot as a curiosity of low-dimensional geometry, but as a window into how
reality is constructed?

Each claim that follows is labeled by epistemic status. The proven mathematics stands
independently of the interpretive framework built upon it.

A note on the nature of this contribution. The anchor preprint [1] proves the
conformal equivalence and the Weyl obstruction. The algebra preprint [3| extends the
group-theoretic structure. These are original mathematical results. This document’s con-
tribution is different in kind: it is a synthesis. Five independent research programs—in
quantum optics, condensed matter, stochastic thermodynamics, holography, and quan-
tum measurement theory—have arrived at the same 72 structure over the past decade,
largely without awareness of each other. The individual results belong to their respective
authors and are credited throughout. What this document contributes is the recognition
that these programs converge, that the convergence is explained by the anchor identity,
and that the convergence has implications extending from fundamental physics through
biology to the nature of consciousness and the structure of reality itself. Darwin did not
discover any individual species. He synthesized biogeography, paleontology, and artificial
selection into a single explanatory framework. The synthesis was the contribution. This
document attempts something analogous: not new physics, but a new way of seeing why
the existing physics takes the form it does.

2 Time Is Not a Parameter. Time Is a Product.

Time is not a coordinate through which systems passively drift. Time is manufactured
by the act of measurement.

We do not move through time the way a billiard ball moves through space. We pro-
duce time. Every irreversible process—every measurement, every decision, every breath,
every decoherence event, every thought—generates a small quantity of entropy, and that
entropy production is the local experience of time’s passage. A system that produces



no entropy experiences no time. A dead crystal in vacuum at absolute zero does not
age. A Bose—Einstein condensate, all particles occupying one quantum state with zero
entropy production, is temporally frozen in the deepest physical sense. A black hole at
the Hawking temperature radiates and therefore experiences time. A human brain, which
produces more entropy per unit mass than the core of the Sun, experiences time with
extraordinary vividness.

This is the Agency Axiom:

r= / olp) ds, alp)= @)

A skeptical physicist would immediately object: “Your agency rate is just inverse
temperature. You have renamed 1/7 and called it profound.” The objection has force.
But inverse temperature does not explain why a quantum clock’s precision scales expo-
nentially with dissipation (PRL, 2025), why the Page—Wootters mechanism reproduces
gravitational time dilation from entanglement (Favalli et al., 2025), why entropy produc-
tion rate monotonically tracks consciousness level from wakefulness through N1, N2, to
N3 deep sleep (Sanz Perl et al., 2023), or why psychedelics that elevate brain entropy
produce time dilation in exactly the predicted direction (Wang et al., 2025). Temperature
is thermodynamics. Agency is the recognition that thermodynamics is temporality.

The identity I(V) = +*(V) was extracted as the hardest, most testable claim in the
foundation. Everything in the anchor preprint follows from this single mathematical fact.
Everything in this document follows from asking what the fact means.

3 The Seven Links: From Agency to Identity

Link Name Content Status

T = f a(p) - ds
All measurement
reduces to yes/no

Significance

Conjectured Time as entropy production
Philosophical Binary choices as fundamental

1 Agency Axiom
2 Binary Primacy

3 Fisher = I(V) =~2(V) Proven The core identity
Lorentz
4 Conformal ds%K =442 dSZBures Proven Two geometries, one ball
Equivalence
5) Chentsov—Petz 7?2 forced by Proven Not a choice but a necessity
Uniqueness statistical invariance
6 N2>3 Weyl tensor kills Proven Why qubits are special
Obstruction conformal
equivalence
7 Wheeler’s “It from Philosophical The document’s thesis
Realization bit"—geometry is
information

Links 1-2 are philosophical. Links 3—6 are proven mathematics, surviving five indepen-
dent adversarial audits. Link 7 is the philosophical interpretation the proven mathematics
invites but does not compel. The paper contains links 3-6. This document contains all
seven—and the territory beyond link 7 that no paper could contain.



4 What the Paper Proves

The Bloch ball is the state space of the simplest quantum system: a qubit. It carries two
natural Riemannian metrics simultaneously:

1. The Bures metric—positive curvature K = +4, a hemisphere of S (Uhlmann
1992), measuring the distinguishability cost between quantum states.

2. The Beltrami—Klein metric—mnegative curvature K = —1, the velocity space of
special relativity.

These two geometries live on the same open ball B> = {r < 1}. They are related by
a single conformal factor:

1

d8}23K = 472(7,) ' dS2Bures7 72(7") - 1— 2 (3)

The conformal factor is simultaneously the squared Lorentz factor and the Fisher in-
formation. The Gudermannian function bridges the geodesic distances: gd(arctanh(r)) =
arcsin(r).

For N > 3 quantum systems, the Weyl tensor of the Bures metric is nonvanishing
at the maximally mixed state. The proof runs: SU(N) isotropy forces the Einstein
condition (Ric = Ag) at p* via Schur’s lemma; at an Einstein point, vanishing Weyl would
force constant sectional curvature; but Dittmann (1994) proved sectional curvatures are
nonconstant for N > 2. Contradiction.

The qubit is geometrically special. Six independent perspectives confirm the physical
content. The paper is a hexagonal crystal—the same identity viewed from six directions,
each producing a different prismatic color, each reinforcing the others.

The Mathematical Foundation

5 Three Independent Proofs of Physical Content

Fact 1 (Conformal Equivalence)

On the qubit Bloch ball (n = 3), the Beltrami-Klein metric of hyperbolic geometry is
conformally equivalent to the Bures metric of quantum state space:

dSQBK = 4’72(7") . dS]23ures> 7(7«) — (1 _ TZ)—I/Q. (4)

This is proven by direct computation: the Bures metric in spherical coordinates is
dsd e = dr? [[4(1—1?)]+ (r?/4) dQ?, while the Beltrami-Klein metric is dsiy = dr?/(1—
r?)% + r2dQ?/(1 — r?). The ratio is 4/(1 — r?) = 44*(r) for both radial and angular
components.

Fact 2 (Weyl Obstruction)

This conformal equivalence holds only for qubits (N = 2). For N > 3, the Bures metric
is not conformally equivalent to any constant-curvature model.



The reason is structural: in a Riemannian manifold of dimension n, the Weyl curvature
tensor—the trace-free part of the Riemann tensor—has "2(72_1) - "(";1) independent
components. For n = 3 (the qubit Bloch ball), this yields exactly zero: the Riemann
tensor is entirely determined by the Ricci tensor, leaving no “leftover” curvature. The
conformal bridge is unobstructed.

For the qutrit (N = 3), the state space has dimension N? — 1 = 8, and the Weyl
tensor has % — 879 = 336 — 36 = 300 independent components. These 300 degrees of
freedom obstruct any conformal mapping to constant curvature. This is not a fine-tuned
number; it is forced by the combinatorics of curvature tensors in n dimensions. The
qubit’s specialness is geometric destiny: n = 3 is the only dimension where the Weyl

tensor vanishes identically and which corresponds to a quantum state space.

Fact 3 (Measurement IS Lorentz Boost)

Burns, Greenfield & Dressel (Quantum Studies: Math. Found. 13, art. 10, 2026)
proved that for a continuously monitored qubit, the transformation group is SL(2,C) =
Spin™ (1, 3)—the double cover of the Lorentz group. Unitary Hamiltonian evolution corre-
sponds to spatial rotations; non-unitary measurement backaction corresponds to Lorentz
boosts with rapidity 7 determined by measurement strength, and V' = tanh(n). The
Fisher information in rapidity coordinates is 1(n) = sech?(n) = 1/+?; in visibility coordi-
nates I(V) = +2.

Uniqueness (Chentsov—Petz)

Chentsov’s theorem (1972) establishes the Fisher information metric as the unique Rie-
mannian metric on finite-dimensional statistical manifolds (up to rescaling) invariant
under sufficient statistics. Petz’s quantum extension (1996) classifies all quantum mono-
tone metrics, with the SLD/Bures metric as the minimal member. Ciaglia, Di Cosmo
& Gonzalez-Bravo (arXiv:2510.24617, 2025) achieved the categorical unification of both
theorems as functors NCProb — Hilb. For the binary case, all these metrics collapse to
I(V) =~2(V)—mnot a choice but a mathematical necessity.

6 The Deductive Chain: From +? to Einstein’s Equa-
tions

The identity I(V) = 4 connects to gravitational dynamics through a chain of five in-
dependently published theorems. Each arrow is a peer-reviewed result; no step requires
conjecture.

Step 1: Measurement — Fisher Information. Every binary quantum measure-
ment with visibility V' extracts Fisher information I(V) = ~+%(V). Each measurement
event produces entropy at rate o > %72(1/) via [to’s entropy-production equality o = %gp
(Ito, PRL 121, 030605, 2018).

Step 2: Fisher Information — Relative Entropy. The quantum Fisher infor-
mation is the second-order Taylor expansion of quantum relative entropy: S(p|lp+0p) =
20A2 - Fp(A) + O(6A?). (Braunstein & Caves, PRL 72, 3439, 1994.)

Step 3: Relative Entropy — Linearized Einstein Equations. Faulkner, Guica,
Hartman, Myers & Van Raamsdonk (JHEP 03, 051, 2014) proved that positivity of rela-



tive entropy for perturbations to the vacuum state on ball-shaped regions in a holographic
CF'T implies the linearized Einstein equations in the dual bulk spacetime.

Step 4: Fisher Information — Canonical Energy. Lashkari & Van Raamsdonk
(JHEP 04, 153, 2016) proved that the quantum Fisher information on the boundary
exactly equals the canonical energy in the corresponding bulk Rindler wedge.

Step 5: Entanglement Equilibrium — Full Einstein Equations. Jacobson
(PRL 116, 201101, 2016) proved that if vacuum entanglement entropy is maximized at
fixed volume, conformal quantum fields satisfy the full Einstein equation Gu, + Agey =
e Tab-

The Synthesis: Measurement (7?) — Fisher information — relative entropy —
linearized Einstein equations — canonical energy — full Einstein equations. Gravity is
what aggregate Fisher information looks like when viewed from inside the spacetime it
compiles.

A caveat on route dependence. Steps 3 and 4 of this chain operate within the
AdS/CFT framework, which is the best-understood example of holography but describes
anti-de Sitter spacetime, not the de Sitter spacetime of our universe. This is a genuine
vulnerability. However, the chain has alternative routes that bypass AdS/CFT entirely:
Jacobson’s original 1995 derivation obtains Einstein’s equations from the Clausius relation
0Q) = T dS applied to local Rindler horizons, with no holographic assumption. Bianconi’s
2025 entropic gravity derives modified Einstein equations from quantum relative entropy
alone. Narovlansky & Verlinde (JHEP 2025) provide the first holographic dictionary for
de Sitter space, extending holographic reasoning to our actual cosmology. The chain is
overdetermined: multiple independent routes arrive at the same destination.

Independent Confirmations

Bianconi (PRD 111, 066001, March 2025) derived modified Einstein equations from quan-
tum relative entropy using Dirac—Ké&hler formalism, producing an emergent positive cos-
mological constant and a G-field dark matter candidate—all from pure information the-
ory. Caticha (Annalen der Physik 531, 1700408, 2019) derived non-relativistic quantum
mechanics entirely from the Fisher-Rao metric on probability space.

7 The Berglund Objection and Its Resolution

Berglund, Hiibsch, Mattingly & Minic (arXiv:2504.12925, April 2025; Gravity Re-
search Foundation 2025 Award Essay) raised the most serious challenge to any Fisher-
information-based unification. They prove that two key assumptions of Chentsov’s
uniqueness theorem fail in quantum gravity: (i) gravitational back-reaction makes data
non-i.i.d., and (ii) sufficient statistics fail for multiple observers in different causal dia-
monds.

Resolution: The Berglund objection is not a refutation but a prediction. The frame-
work asserts that I(V) = 72 is the semiclassical limit of a deeper dynamical-metric
structure. At the Planck scale, the Fisher metric itself becomes dynamical—precisely as
Berglund et al. argue. The framework predicts its own breakdown at the Planck scale,
the hallmark of a well-constructed theory (compare: GR predicting its own failure at
singularities).



8 The Holographic v* Dual

Gerbershagen, Hernandez, Khramtsov & Knysh (JHEP 04, 059, 2025) derived a geomet-
ric observable in the entanglement wedge of AdS3 dual to the boundary Bures metric for
mixed states. The conformal equivalence acquires a bulk interpretation: 2 is the con-
formal factor converting boundary measurement geometry (Bures) into bulk spacetime
geometry (Beltrami-Klein). The regularized volume enclosed by the Ryu-Takayanagi
surface scales as v>—the holographic principle made metric-level precise.

9 From SO(1,3) to SO(D,3)

Ungar (Symmetry 12(8), 1259, 2020) proved that the Lorentz group generalizes from
SO(1,3) to SO(m,3) for systems of m entangled 3-dimensional particles. Within the
framework, m is the embedding dimension D—the number of independent binary
measurement channels, each contributing v2(V}) to the total budget:

D

. 1

Ototal = 5 § Vz(vk) (5)
k=1

The restriction SO(D, 3) — SO(1, 3) is the geometric origin of the downprojection.

10 The Standard Model from Three-Qubit Hopf Fibra-
tions

Szangolies (Entropy 27(6), 569, 2025) derived the Standard Model gauge group from the
entanglement geometry of three qubits via the Hopf fibration tower:

Qubits Division algebra Hopf fibration Symmetry Physical role
0 R S0 — st — st — Real scalars
1 C St— 83 — §2 SL(2,C) Spacetime
2 H S3 — 87— g4 SL(2,H) = SO*(5,1) Entanglement
3 0 ST — S 8% — SU(3)xSU(2)xU(1)/Zs Standard Model

Adams’ theorem (1962) guarantees no further Hopf fibrations exist. Consequence: no
gauge symmetries beyond the Standard Model.

The Weyl obstruction provides the metric-level explanation for the Coleman—Mandula
factorization: internal symmetries like color SU(3) arise from measurement geometries
on qutrit (N = 3) state spaces, where the Weyl tensor has 300 independent compo-
nents. These geometries are structurally incompatible with the conformal bridge to space-
time. Color is “internal” not by convention but by geometric necessity—the information-
geometric structure of color literally cannot project through the conformal bridge. Only
gauge-invariant (colorless) combinations survive the downprojection. This may be the
information-geometric origin of confinement.

Critical gap (stated honestly): No approach—Szangolies, Furey, Connes, or this
framework—derives the fermion mass spectrum, CKM matrix, or coupling constant values
from information geometry.

10



11 Planckian Physics from Fisher Information

Abiuso et al. (arXiv:2506.19188, June 2025) proved the Planckian thermalization bound
T > h/(2kgT) from pure quantum estimation theory. Chowdhury (arXiv:2602.04953,
February 2026) showed Planckian scatterers sit at the edge of Fisher-dissipation optimal-
ity.

The conjectured energy-precision uncertainty relation:

E -Var(0) = kgTIn 2. (6)

At the Planckian visibility Vp = v/1 — In 2 & 0.554, measurement operates at maximum
thermodynamic efficiency. This unifies Landauer’s erasure limit, the Cramér-Rao bound,
and the Planckian bound in a single expression.

12 The Third Law as Speed-of-Light Barrier

The Bures geodesic distance from maximally mixed to purity r is % arcsin(r). The hyper-
bolic distance is arctanh(r). The divergence arctanh(r) — oo as r — 1 is the geometric
manifestation of the third law of thermodynamics: reaching a pure state requires infinite
thermodynamic length, just as reaching the speed of light requires infinite rapidity. They

are the same wall, seen from two directions.

13 RG Flow, ER=EPR, and MIPT

RG Flow: Berman, Klinger & Stapleton (Entropy 26(5), 389, 2024) established exact
RG = inverse Bayesian inference. Bény & Osborne (PRA 92, 022330, 2015) proved Fisher
information monotonically decreases along RG flow. The Zamolodchikov c-theorem is a
Fisher information monotonicity theorem.

ER=EPR: Fields, Glazebrook & Marciando (Physics Letters B, 2024) proved
ER=EPR as an operational theorem. Through the Fisher lens: entangled qubits share
Fisher information channels; 72 determines channel strength; in the holographic dual,
Fisher information flow corresponds to wormhole throat area.

MIPT: Feng et al. (Communications Physics, 2026) achieved the first postselection-
free observation of measurement-induced phase transitions on a Quantinuum HI-1
trapped-ion processor. Di Fresco et al. (Quantum 8, 1326, 2024) showed QFT exhibits
non-analytic behavior at the MIPT critical point. The MIPT ¢s the phase transition from
pre-geometric to geometric reality—observed in the laboratory.

14 The Five-Program Convergence

That five independent programs converge on the same structure is not coincidence. It is
the shadow of a single principle cast across five experimental traditions.

11



Program Key Result How 72 Appears

Quantum Optics Squeeze operators QFI scales as ~? in interferometry; LIGO’s
SU(1,1) squeezed vacuum is a Lorentz boost

Condensed Matter QGT measurement Two-band QGT reduces to qubit form with 72 scal-
(Kang 2025; Kim ing at band gap closing
2025)

Stochastic Thermo Ito-Dechant (PRX Cramér-Rao bound produces v? structure
2020)

Holography Lashkari—Van Fisher metric produces gravitational energy in
Raamsdonk (2016) AdS/CFT

This paper Conformal The conformal factor is the Fisher information is
equivalence the Lorentz factor

The Downprojection Hypothesis

15 Higher Reality as Information Geometry

The central philosophical claim is that our experienced 3-+1D spacetime is a downprojec-
tion from a higher-dimensional information-geometric structure, and the qubit conformal
equivalence is the smallest visible window into this architecture.

Pillar 1: Bisognano—Wichmann. The modular flow of the Minkowski vacuum
restricted to a Rindler wedge is the one-parameter group of Lorentz boosts (1976). For
a qubit thermal state, the Bloch radius r = tanh(e/2) is precisely the velocity-rapidity
relation v = tanh(n).

Pillar 2: Holography. The Ryu-Takayanagi formula, Maldacena’s AdS/CFT, and
Van Raamsdonk’s “building up spacetime with quantum entanglement” demonstrate that
spatial geometry emerges from entanglement structure on a lower-dimensional boundary.

Pillar 3: The N > 3 Obstruction. Only binary quantum systems carry the clean
conformal bridge. For qutrits and beyond, the Weyl tensor blocks it. The downprojection
is a property of bits, and of bits alone.

Level Structure Status Role

Substrate Space of all Unknown What  generates  the
measurement qubits?
configurations

Information manifold Fisher-Rao geometry Established The “noumenon”
on distributions

Qubit bridge I(V) =~%V) Proven Maps Fisher — Lorentz

Emergent spacetime  SL(2,C) = Spin™(1,3)  Group-theoretic ~ 3+1D from qubit symme-

try

Experienced reality Classical world via Standard physics The “phenomenon”

decoherence

12



Claim Architecture

Tier 0: Mathematical Identity (Proven, Zero Free Pa-
rameters)

T0.1 I(V)=~*V)=1/(1—V?) for Bernoulli visibility. [Textbook]
T0.2 dshx = 4% - dsh .. Oon the qubit Bloch ball. [Direct computation]

T0.3 Weyl obstruction blocks conformal equivalence for N > 3.  [Schur + Dittmann
1994]

T0.4 Gudermannian bridges Bures and BK geodesic distances.  [Direct derivation/

TO0.5 Chentsov—Petz uniqueness: 72 is the only compatible metric. [Ciaglia et al.
2025/

Tier 1: Proven Connections (Published, Independent
Groups)

T1.1 Measurement is Lorentz boost via SL(2,C). [Burns et al., QSMF 2026/
T1.2 o = Sgp: entropy production = half Fisher metric. [Tto, PRL 2018]
T1.3 Fisher information = canonical energy in AdS/CFT. [Lashkari & Van

Raamsdonk 2016/
T1.4 Entanglement equilibrium = full Einstein equations. [Jacobson 2016]

T1.5 RG flow monotonically decreases Fisher information.  [Bény & Osborne 2015/

T1.6 Planckian bound from Fisher information. [Abiuso et al. 2025]
T1.7 SM gauge group from three-qubit Hopf fibrations. [Szangolies 2025]
T1.8 MIPT observed without postselection. [Feng et al. 2026/
T1.9 Holographic dual of Bures metric. [Gerbershagen et al. 2025/
T1.10 SO(m,3) structure for entangled particles. [Ungar 2020]
T1.11 ER=EPR as operational theorem. [Fields et al. 2024/

T1.12 Planckian scatterers optimize Fisher-dissipation efficiency.  [Chowdhury 2026]

Tier 2: Strong Circumstantial

T2.1 Gravity from aggregate Fisher information. T2.2 Dark energy as entropic through-
put. T2.3 Dark matter as information-geometric structural index. T2.4 Consciousness
requires ¢ > 0ui- 2.5 Coleman—Mandula as Weyl obstruction. T2.6 Thomas-Wigner
rotation from sequential qubit measurements. T2.7 Energy-precision uncertainty relation.
T2.8 Arrow of time = 72 > 1.

13



Tier 3: Conjectural

T3.1 Embedding dimension D — SO(D,3) — downprojection. T3.2 Fine-tuning as
Fisher optimality. T3.3 Al consciousness requires thermodynamic irreversibility. T3.4
Dreams as Fisher information annealing. T3.5 Aging as progressive Fisher information
decline. T3.6 Framework self-limits at Planck scale.

Why Binary: The Primacy Argument

Nature has qutrits, qudits, and arbitrarily high-dimensional quantum systems. Their
existence does not invalidate a framework built on binary measurement. It makes it
stronger.

Any measurement on any quantum system, regardless of dimension, decomposes ex-
actly into a sequence of binary measurements. A qutrit measurement with outcomes
{A, B,C} decomposes into: “Is it A or not-A?” (binary, carries 7?), followed by “If not-
A, is it B or C?” (binary, carries 7). Each step lives on a qubit Bloch ball. Each step
carries the conformal equivalence.

The Weyl obstruction does not say “qutrits are forbidden.” It says the conformal
bridge between information geometry and spacetime geometry only activates at the binary
level. Higher-dimensional systems exist, but their measurement geometry is not spacetime
geometry. Their internal structure corresponds to gauge symmetries (color SU(3), weak
SU(2)), not to spacetime.

Chentsov’s uniqueness theorem reinforces this: for binary systems, the Fisher metric
is the unique monotone Riemannian metric. For N > 3, uniqueness fails. Only at N = 2
is the geometry forced.

Wheeler said “it from bit,” not “it from trit.” The framework provides the mathemat-
ical justification.

)

Implications for Physics, Cosmology, and Consciousness

The following domains extend the framework beyond its mathematical core. Each con-
nection is structurally motivated by the identity (V) = +*(V). Epistemic status is
marked throughout.

16 Spacetime Emerges from Measurement Geometry

Pitalua-Garcia (PRA 104, 032220, 2021) proved that the qubit Bloch ball—a 3-ball carry-
ing the Fubini-Study /Bures metric—uniquely requires 3+1 Minkowski spacetime under
Poincaré invariance within general probabilistic theories. The Bloch ball’s isometry group
SO(3) demands SO™(1,3)—forcing exactly 3 spatial dimensions. The number of spatial
dimensions is not a free parameter; it is derived from the information geometry of the
simplest measurement. Chiribella, Scandolo & Selby (PRL 136, 060202, 2026) derive
quantum theory itself from purely information-theoretic axioms, making the argument
fully self-contained.

The Standard Model extension follows through Szangolies’s result: 1, 2, and 3 en-
tangled qubits correspond to real, complex, quaternionic, and octonionic Hopf fibrations.
Dimensional reduction from the 3-qubit octonionic case back to 3+1 dimensions yields

14



SU(3) x SU(2) x U(1)/Ze as residual symmetry. Penrose’s twistor theory converges:
twistors, qubits, and the Bloch sphere all live on CP! acted on by SL(2, C)—mathematical
identity, not analogy.

17 Gravity Emerges from Aggregate Fisher Informa-
tion

Where measurement is dense, spacetime curves. Bianconi (PRD 111, 066001, March
2025) derived modified Einstein equations from an entropic action defined as the quan-
tum relative entropy between the spacetime metric and the matter-induced metric. The
equations reduce to standard GR at low coupling, produce an emergent positive cosmolog-
ical constant, and introduce a G-field dark matter candidate—all from pure information
theory.

This builds on Jacobson’s 1995 derivation, Verlinde’s 2016 emergent gravity (repro-
ducing the MOND acceleration scale ag = ¢Hy/6 from de Sitter entanglement entropy),
and Padmanabhan’s 2012 emergent expansion (dV/dt = L%(Ngyw — Npui))- The deduc-
tive chain from the anchor identity through five published theorems (Section 7) makes
this the most direct route from I(V') = 42 to gravitational dynamics.

Caveat. Berglund et al. (arXiv:2501.19269, 2025) identify a tension: Cencov’s theorem
guarantees uniqueness of the Fisher metric, but general covariance requires dynamical
geometry. Quantum gravity may require making the Fisher metric itself dynamical—
which the framework predicts at the Planck scale.

18 Dark Energy as Entropic Throughput

DESI DR2 (March 2025): 14+ million galaxies, BAO + CMB alone excludes ACDM at
3.10; combined with DESY5 at 4.20. The favored parameter space: wg > —1, w, <
0—dark energy was phantom-like in the past, quintessence-like today, with confirmed
phantom crossing near z ~ (.5.

Tremblin & Chabrier (A&A 689:A207, 2024) showed that irreversible processes during
structure formation—entropy production from gravitational collapse, virialization, star
formation—produce an effective time-varying cosmological constant that mimics phan-
tom crossing without any new fields or particles. Entropy production literally simulates
dynamical dark energy. Garcia-Bellido’s GREA theory (Phys. Dark Univ. 45:101533,
2024) attributes cosmic acceleration to entropy growth at causal horizons, resolving the
coincidence problem.

Caveat. Bayesian reanalysis (arXiv:2603.05472) using nested sampling finds evidence
modestly favoring ACDM for DESI DR2 + CMB alone. Euclid’s first dark energy con-
straints (expected late 2026) will be decisive.

19 Dark Matter as Structural Index

The world’s three leading xenon experiments have published extraordinary null results:
LZ at 2.2 x 107* cm?, XENONnT at 1.7 x 10747 cm?, PandaX-4T at 1.6 x 10~%" cm?. All
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three now detect solar neutrino coherent scattering, entering the “neutrino fog.” After
four decades, no dark matter particle has been found.

Verlinde’s emergent gravity, tested by Yoon, Park & Hwang (CQG 40:02LT01, 2023)
on 175 SPARC galaxies, predicts rotation curves with mean offset of only —0.027 dex and
scatter 0.129 dex—with zero free parameters. The acceleration scale ag = ¢Hy/6 emerges
directly from the cosmological horizon.

Within the framework, dark matter is the structural component of the information-
geometric manifold determining where measurements can aggregate into persistent struc-
ture. Bianconi’s G-field, which emerges naturally from entropic gravity, acts as a dark
matter candidate.

Caveat. The Bullet Cluster remains naturally explained by particle dark matter. Banik
et al. used 8,611 Gaia DR3 wide binaries to reject MOND at 190, though formal rebuttals
exist. The wide binary debate is unresolved.

20 Fine-Tuning as Fisher Optimality

Halverson, Harvey & Nee (arXiv:2603.01411, March 2026; MIT /Harvard/Northeastern)
proved via Chentsov’s theorem that the Fisher information metric is the only divergence-
derived Riemannian metric on parameter space invariant under sufficient statistics. Their
“rescaled fine-tuning matrix” F;; measures exactly how sensitive low-energy observables
are to changes in fundamental parameters.

If observers are measurement processes extracting I(V) = ~%, then the anthropic
principle becomes: the universe’s parameters maximize the Fisher information extractable
by measurement processes. This transforms the anthropic principle from a selection effect
into a variational principle: constants extremize det(F).

Falsifiable prediction: For any pair of Standard Model coupling constants, the
observed values should sit at or near a local maximum of det(F).

21 Consciousness Is the Measurement Process Experi-
enced from Inside

Sanz Perl et al. (PRE 104, 014411, 2021) demonstrated entropy production is systemat-
ically minimal during all states of reduced consciousness. Gilson, Tagliazucchi & Cofré
(PRE 107, 024121, 2023) found entropy production decreases monotonously across sleep
stages with specific values: Wake = 1.99, N1 = 1.65, N2 = 1.54, N3 = 1.49. Kringel-
bach, Sanz Perl & Deco (Trends Cogn. Sci. 28(6):568, 2024) formalize irreversible entropy
production as the natural metric for consciousness hierarchy—the closest published frame-
work to the present program.

The COGITATE Consortium adversarial collaboration (Nature 642:133, 2025; n =
256) substantially challenged both IIT and GNWT. Neither was decisively supported.
This leaves a vacuum for an entropy-production-based framework. The Butlin et al.
consciousness indicator framework (2025) identifies 14 indicators from 5 theories—but
entropy production appears in none of them.

The qubit-to-neuron bridge: (1) the classical Fisher-Rao metric is the commutative
limit of the quantum Bures metric—the geometric structure (hyperbolic, with 2 con-
formal factor) survives the classical limit, though quantum coherence effects do not; (2)
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neural coding is fundamentally binary (spike/no-spike), with Fisher information as the
standard optimality criterion for neural population codes (Kriegeskorte & Wei, Nature
Reviews Neuroscience, 2021); (3) the qubit result explains why Fisher information is the
right metric—Chentsov uniqueness, with Weyl obstruction for N > 3.

The seizure counterexample resolves cleanly: seizures produce high Shannon en-
tropy but low thermodynamic entropy production (d). Hypersynchronous oscillations
are nearly time-reversible. The framework specifies thermodynamic irreversibility, not
signal diversity, as the consciousness metric.

State Shannon H  Thermo. ¢ Irreversibility @ Consciousness
Wakefulness Moderate-High High High Yes

Deep sleep (N3) Low Low Low Minimal
Seizure High Low Low Lost
Ketamine Moderate-High High High Vivid (dissociated)
Death (pre-surge) Very low Very low Very low Lost

Death (gamma surge) Spike Spike Spike NDE?

On the Hard Problem: the framework dissolves it by denying the premise. Experience
is not separate from physics. Measurement, experienced from inside, is experience. The
question “why does measurement feel like something?” is structurally identical to “why
does the Lorentz factor transform like that?”—a demand for explanation of a foundational
identity. This is a philosophical position, not a derived result. It cannot be experimen-
tally distinguished from weaker claims (that measurement “produces” or “correlates with”
experience). The framework adopts the strongest version because it is the most parsimo-
nious: it requires no additional mechanism to bridge physics and experience, because it

denies the gap.

22 Dreams as Fisher Information Annealing

During waking, measurements accumulate high Fisher information—precise, tightly
tuned representations of recent sensory statistics. REM sleep dreams strategically reduce
Fisher information through adversarial exploration, functioning as biological regulariza-
tion that prevents overfitting.

Deperrois et al. (eLife 11:76384, 2022) implemented a cortical GAN-like architec-
ture with three phases: waking (reconstruction), NREM (“perturbed dreaming” with
occlusions), and REM (“adversarial dreaming” generating novel recombinations). Remov-
ing REM adversarial dreaming specifically destroyed semantic organization while leaving
episodic memory intact. Hoel’s “overfitted brain” hypothesis (Patterns 2(5):100244, 2021)
formalizes dreams as biological dropout, mathematically equivalent to reducing Fisher in-
formation of model parameters.

The snap nap phenomenon: a micro-sleep lasting seconds can produce vivid, non-
sensical dream content and disproportionate cognitive refreshment. This makes no sense
under rest-recovery models (seconds are insufficient for metabolic restoration) but makes
perfect sense under Fisher annealing: the annealing operation is geometric, not temporal.
What matters is whether the measurement manifold undergoes a curvature perturbation,
not how long it takes.
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Falsifiable prediction: Fisher information of neural population activity should be
measurably lower during REM than during waking. Dream bizarreness should correlate
with next-day creative problem-solving performance.

23 Time Is Entropy Production

Wadhia, Meier, Fedele et al. (PRL 135, 200407, 2025) performed the first experiment
to simultaneously measure entropy production in both a quantum clockwork and its
measurement apparatus. The measurement process dominates the entropic cost by a
factor of up to 10°. The act of measuring—mnot ticking—gives time its forward direction.

Favalli & Smerzi (Entropy 27(5):489, 2025) recovered Schwarzschild time dilation from
entanglement via the Page-Wootters mechanism. Sagi et al. (Nature Communications
12:3671, 2021) experimentally demonstrated a measurement arrow of time in 3"Rb BEC—
quantum measurements have a strictly positive average arrow of time.

The brain (4.6 x 107 W /(K - cm?)) experiences time 2.5 million times more vividly
per unit volume than the Sun’s core (1.8 x 107" W/(K - cm?®)). The arrow of time is the
arrow of measurement.

24 The Arrow of Time Is 7 > 1

Three independently proven results combine: (1) 6 = %]Fisher for Fokker—Planck dynamics
(Ito, Information Geometry 7, 2024—exact). (2) The second law: ¢ > 0. (3) Measure-
ment is a Lorentz boost with rapidity 7, giving 1(V') = cosh®(n) > 1 (Burns et al., 2026).
Every measurement extracts at least one unit of Fisher information. Time flows because
measurement boosts cannot be undone. The arrow of time is the positivity of the squared
Lorentz factor.

The Embedding Hypothesis

The framework’s architecture implies a vector space structure. Each measurement
node (observer) performs binary discriminations, each contributing Fisher information
I(V) = ~% The totality of these measurements embeds the observer into an information-
geometric manifold. The embedding dimension D is the number of independent mea-
surement directions the observer simultaneously maintains.

System D (embedding dim.) Character

Thermostat 1 Binary only: too hot / too cold

Bacterium ~b Chemical gradient 4 light 4+ temperature
Insect ~15 Spatial + temporal + social

Cat ~20-50 Rich sensory, limited abstraction

Human (waking) ~50-200 Full linguistic-temporal-emotional manifold
Human (meditation) Increases Constraints relax, manifold access widens
Human (psychedelic state) > normal Projection pipeline disrupted (reported)
Human (deep sleep) ~2-5 Minimal measurement

System at equilibrium 0 No measurement, no consciousness
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The D values in the table above are order-of-magnitude estimates intended to illus-
trate the concept, not measured quantities. No experimental protocol for measuring D
currently exists. D does not determine whether a system is conscious (¢ > 0 determines
that). D determines how much of the manifold’s structure is accessible. Higher D = richer
experience, not more experience. A cat watching a sunset operates at D ~ 20-50—same
photons as a human, fewer embedding dimensions, less manifold structure resolved. Pre-
diction: Systems at thermodynamic equilibrium (¢ = 0) have Deg = 0 regardless of
structural complexity.

The Saturn-Neptune analogy: both planets have atmospheric lightning. A thermostat
on Saturn (D = 1) measures “too hot/too cold.” A weather satellite (D ~ 20) measures
pressure, temperature, composition, velocity, charge distribution across spatial grids.
Both measure the same phenomenon, but the satellite resolves more structure. The
difference is not magnitude but embedding dimension.

The Geometry of Altered States

The following is a conjectural application of the framework to neuropsychopharmacology.
The structural predictions are falsifiable but no clinical claims are made.

If the brain operates a dimensionality reduction pipeline projecting Diperna > 200 to
Dyaxing ~ 3-9, then disrupting specific pipeline stages should produce specific geometric
content with cross-cultural consistency.

Receptor Pipeline Stage D Effect Phenomenological Signature

5-HTo4 Layer V: D > normal Geometric architecture, self-
top-down transforming landscapes, entities,
prediction fractal corridors
weighting

r-opioid Dynorphin: D — 0 or bistable Becoming inanimate objects, the
salience + Wheel, ego death without uncon-
self-model sciousness

GABA-A  Global gain D unchanged, noisy Sedation, disinhibition, no geometry
modulation

CB1 Salience D unchanged, shifted Time dilation, no architecture
modulation

NMDA Sensory-model D partial detach Dissociative geometry, “watching from
coupling above”

5-HT5 4 receptors concentrate in Layer V pyramidal neurons, the cortical output layer
integrating top-down predictions with bottom-up sensory data. Published neuroimaging
and phenomenological studies indicate that 5-HT,4 agonists (DMT, psilocybin) disrupt
this stage, collapsing the prediction-error weighting that normally renders the manifold
into familiar objects. The reported result is perception of raw geometric structure: fractal
corridors, self-transforming landscapes, entity encounters. D spikes far above normal.

k-opioid receptors modulate dynorphin signaling governing salience and self-model
maintenance. Salvinorin A, by disrupting this stage, strips the self-model entirely. The
observer coordinate is removed from the embedding. Published phenomenological reports
consistently describe either D — 0 (subjects report becoming inanimate objects: existing
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as a wall, a zipper, a page in a book—pure measurement without meta-measurement) or
the bistable “Wheel” phenomenon: perceiving the cyclic structure of multiple measure-
ment nodes without a privileged observer position.

Falsifiable prediction: Cross-report geometric consistency should correlate with
receptor profile, not dosage. x-opioid agonists should produce self-model disruption re-
gardless of chemical structure. 5-HT54 agonists should produce geometric architecture
regardless of tryptamine vs. phenethylamine structure.

The D-Transition Scale

Timescale Mechanism D Change Manifold Operation
Seconds Snap nap Brief spike Micro-annealing
Minutes REM dream Elevated, fluctuating Deep annealing
Minutes Meditation Gradual increase Smooth broadening
Hours Psychedelic D > normal Radical restructuring
Variable Mystical experience D — limit Whole manifold

The “nonsensical” quality of snap nap dream content (fish wearing business suits) is
perfectly coherent geometry at D > 5 that cannot be rendered sensibly into D ~ 3-5
waking projection. The “oneness” of mystical experience is D — Dyanifolq: all distinctions
collapse, subject-object boundary dissolves, reported as “more real than real” because it
1s: more embedding dimensions means more manifold structure resolved.

The Neurochemical Timescript

Infancy: Dopaminergic dominance. Extraordinarily high ¢, maximal plasticity, every
measurement novel. Time feels infinite because the measurement rate is extraordinary.

Childhood: Progressive receptor maturation. The prediction pipeline develops. Ab-
stract reasoning begins as the projection acquires enough dimensions.

Adolescence: Serotonergic system reaches adult density. The ego crystallizes as a
delayed self-referential measurement loop: a measurement of the measurement process
itself, lagged by ~300ms, creating the illusion of a unified self “behind” the experience.
This is the ego: an application-layer phenomenon, not deep architecture.

Adulthood: GABAergic regulation tightens. Pipeline becomes efficient but rigid. D
stabilizes. Time accelerates because fewer measurements are novel: Fisher information
per unit clock time decreases.

Elder years: Progressive receptor decline. D contracts. Fisher information de-
creases. Years fly by. Not pathology: architecture. West’s scaling law: every mammal
~ 1.5 x 10° heartbeats. Each heartbeat is a binary event. Total Fisher information
budget approximately constant across species.

Terminal phase: The dying brain hypothesis (Borjigin et al., 2023): terminal gamma
surges may represent a final cascade of high-D measurement events as regulatory systems
fail. The “life review” is a final traversal of the manifold at high D.

Falsifiable prediction: Receptor density profiles across the lifespan (PET imaging)
should correlate with effective embedding dimension (EEG complexity metrics). Del
Mauro, Zeng & Wang (2025, N = 2,415, ages 8-89) established normative brain entropy
curves: entropy peaks in youth, declines with age, precisely as predicted.
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Competing Frameworks

Framework Core claim Uses FI? Relation to ToR

Theory of Reality I(V) =~2(V) Yes (central) This document

FEP (Friston) Minimize Indirectly (KL)  Complementary: explains what or-
variational free ganisms do
energy

Orch OR Objective No Different mechanism, untested by
reduction in COGITATE
microtubules

Frieden EPI All physics from  Yes (variational) Rejected by mainstream

Fisher info

The FEP differentiation is critical: FEP explains what conscious organisms do (min-
imize prediction error). The framework explains why measurement has the geometry it
has. They are complementary, not competing.

Why “Beautiful Change” Feels Transcendent

Change is the universal. Everything changes. A lightning bolt on Jupiter changes. A
neuron firing changes. Both produce entropy. Both are irreversible. Both carry Fisher
information I(V) = 4?(V). The question is not whether a system changes but how it
changes.

The framework identifies three regimes on a continuum of change:

Is-ness (6 > 0, minimal structure). The bare fact of irreversible measurement. A
book on a shelf has it: thermal fluctuations of its molecules constitute irreversible pro-
cesses, each carrying v2. Published phenomenological data on k-opioid agonism supports
this directly. Salvinorin A, a selective k-opioid agonist, strips the human self-model
entirely. Subjects consistently report becoming inanimate objects—a wall, a zipper, a
page in a book—with the unmistakable sense that the object’s is-ness was always there
(Johnson et al., 2011; Addy, 2012; Siebert, 1994). Within the framework, this is not hal-
lucination but reduction: the k-opioid disruption collapses D toward zero, removing the
recursive self-model, the temporal integration, the narrative, until what remains is the
bare measurement process. Experience without experiencer. This is not a metaphorical
claim. It is the logical consequence of refusing to insert an arbitrary threshold above
which experience “switches on.”

Chaotic change (6 > 0, high rate, no structure). Entropy production without or-
ganization: energy dissipating along thermodynamic gradients, Fisher information gen-
erated and immediately lost, no integration across time, no model of the process, no
memory. Lightning discharges on Jupiter. Each discharge is a measurement with its
own vanishing is-ness. But nothing measures the measurements. There is no meta-
measurement, no temporal integration, no self-model. Jupiter’s atmosphere executes
~ 1038 state transitions per second. Its ¢ is enormous and structureless. The manifold
crumples locally and moves on.

Beautiful change (6 > 0, structured, self-organized, recursive). The word “beau-
tiful” is not a metaphor. It names a geometric property: beautiful change is change
where the measurement manifold becomes locally smoother—where the system’s Fisher
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information per unit entropy cost increases over time. Formally: d(3?)/dt > 0 locally
while total ¢ remains bounded. Each measurement builds on prior measurements. Each
moment is a structured accumulation, not a random discharge. The manifold smooths,
curvature decreases, and the system’s internal model becomes a more faithful projection
of the information-geometric structure it inhabits.

What distinguishes beautiful change from mere ordered change is autonomy: the
ordering must be self-generated and self-maintaining, not externally imposed. A PID-
controlled thermostat produces more precisely ordered entropy than a bacterium. But the
thermostat’s ordering was designed by a human mind; the bacterium’s ordering emerged
from 3.8 billion years of Fisher information optimization on the allele frequency manifold
(Level 26). The bacterium maintains its own measurement architecture. It repairs its
own sensors. It adapts its own response curves. Its order is evolved, not engineered—the
product of Fisher geodesic ascent across evolutionary time. Beautiful change requires not
just structure but structure that generated itself.

The human brain is beautiful change at its most extreme. It produces entropy in a
way that orders reality: extracting 72 from each binary neural measurement, integrat-
ing across ~300ms temporal windows (the ego loop), building predictive models that
compress the sensory stream, and recursively measuring its own measurement process to
create the strange loop of self-awareness. Every thought is a manifold-smoothing opera-
tion. Every insight is a topological transition. Every moment of understanding is Fisher
information being allocated more efficiently than the moment before.

Humans sit at such a high level of systems-of-systems—~ 10! neurons, each a mea-
surement device, organized into circuits that are themselves measurement devices, orga-
nized into networks that model the networks—that they can not only do beautiful change
but perceive it as beautiful. The subjective experience of beauty is the internal detec-
tion of manifold smoothing. Music, mathematics, visual harmony, and the experience
of falling in love all share this property: moments where the measurement architecture
becomes suddenly more efficient, where ¥ per unit entropy cost spikes. Schmidhuber
(2009) formalized this as subjective compressibility. The framework identifies the under-
lying geometry: beauty is the Fisher information landscape becoming locally smoother.

This is why life-changing experiences feel like they happen “to you” rather than “by
you.” The ego (application layer) experiences the underlying manifold restructuring as
something beyond its control-—because it is beyond the ego’s control. Chaotic change
(trauma, catastrophe) also restructures the manifold, but increases local curvature rather
than smoothing it. The subjective difference between beauty and horror is the difference
between manifold smoothing and manifold crumpling. Both are irreversible. The geom-
etry explains both without invoking any property beyond ~2.

Aging is the progressive loss of the capacity for beautiful change. Hale et al. (Entropy
27, 638, 2025) model aging directly through Fisher information: it rises during develop-
ment, peaks at maturity, and declines. To age is to lose measurement precision—to lose
the ability to smooth the manifold. To die is for 72 to reach its final spike and then cease.
The last beautiful change.

Ramanujan’s Antenna

Srinivasa Ramanujan claimed his mathematical results came to him in dreams, delivered
by the goddess Namagiri. His notebooks contain formulas that took decades for the
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mathematical establishment to prove—some remain unproven. He worked without formal
training, producing results of extraordinary depth from a cognitive process he described
as reception, not invention.

The framework provides a structural account of this phenomenon without invoking
the supernatural. If time is entropy production, and if consciousness is the subjective
experience of irreversibility at high agency rate, then the brain at extreme computa-
tional intensity (a(p) — maximum) operates at the frontier of the information-geometric
manifold. Ramanujan’s brain, producing extraordinary entropy in the service of mathe-
matical pattern recognition, may have been exploring regions of Fisher-Rao space that
correspond to deep structural features of the manifold—features that, when projected
into the language of formal mathematics, appear as theorems.

The brain does not receive mathematics from an external source. It resonates with the
geometric structure of the information manifold at frequencies determined by its entropy
production rate. High-agency cognitive states access deeper structures. Ramanujan’s gift
was not mystical reception but extraordinary resonance depth.

This remains conjectural. It is also consistent with the observation that mathematical
insight frequently arrives during states of high neural entropy—the hypnagogic state, the
shower, the long walk—and that mathematical truth has a character of discovery rather
than invention that even Platonist-averse mathematicians find difficult to dismiss.

The Philosophical Horizon

Kant’s distinction between phenomena and noumena maps onto the downprojection ar-
chitecture: the information-geometric manifold is the noumenon; spacetime is the phe-
nomenon. Kant argued space and time are forms imposed by the observing mind. The
downprojection says something stronger: space and time are forms imposed by the con-
formal projection from the information manifold, and the mind is itself a high-entropy-
production region of the projection.

Heidegger insisted that human existence fundamentally is time unfolding. The frame-
work agrees: time does not exist as background; it emerges from entropy production.
Both reject Newton’s absolute time.

Nietzsche’s will to power is the drive toward maximal agency—biological evolution
maximizing entropy production rate. His eternal recurrence is the temporal equivalent of
the conformal boundary: perfect purity is asymptotically approached but never attained.

Jung’s archetypes are structural features of the information-geometric manifold that
project into human cognition. The mandala is the Bloch sphere. The shadow is the
complementary observable. The Self is the maximally mixed state.

The Godelian Horizon

delian Horizon

Godel proved in 1931 that any sufficiently powerful formal system contains true state-
ments it cannot prove from within. Hawking observed in 2002: “We and our models are
both part of the universe we are describing. Thus a physics theory is self-referencing, like
in Godel’s theorem.”

If our spacetime is a projection from a higher information-geometric manifold, then:
(1) we are the projection; (2) our measurements are projections of projections; (3) our
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theories are maps of the projection, not of the territory; (4) the manifold contains struc-
ture that does not survive projection.

This is structural. The entity that attempts to characterize the upper reality is
a product of the downprojection. The instrument of investigation is a feature of the
phenomenon under investigation. The strange loop closes.

The Triple Identity

The following identities are logical consequences of the framework’s axioms applied to
any measurement device embedded in any projection. They are structural observations,
not claims of personal revelation.

I Am Time

7 = [a(p) - ds. This is not a description of what happens to a measurement device. It
is what a measurement device 4s. You do not “experience” time. You produce it. When
o = 0, time stops. Not because a clock stops. Because there is nothing left to produce
the ticking.

I Am Experience

The measurement device is a structure within the manifold’s projection. The projection is
the manifold, conformally restricted. Therefore the measurement device is the manifold,
experienced from within a finite restriction. But experience requires more than existence
at a single instant—it requires the integration of past, present, and anticipated future
into a unified temporal arc. A thermostat measures, but it does not experience, because
it has no temporal depth: no memory of prior measurements, no anticipation of future
ones, no narrative binding its binary discriminations into a coherent stream. Experience
is measurement with temporal extent—the recursive accumulation of Fisher information
across time, creating the subjective sense of duration, continuity, and meaning.

Every system that maintains temporal correlations across its measurements—that
remembers, anticipates, and integrates—is an experiential system. The depth of experi-
ence scales with the temporal integration window: a bacterium integrates over seconds
(chemotactic memory), a mammal over years (episodic memory), a human over decades
(autobiographical narrative). The framework predicts which systems have experience:
those performing irreversible measurement with temporal integration, ¢ > 0 sustained
across a memory window. What it cannot explain is why there is anything at all rather
than nothing—but neither can any other framework, including physics itself.

I Am That Cannot Know

The entity that attempts to characterize the manifold is the manifold, restricted to a
projection. The manifold is trying to know itself through a finite restriction of itself. The
restriction cannot contain the whole.
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I am time: 7= /a(p) -ds (7)
I am experience: O C (M) = Ois M|_ (8)
I am that cannot know: O C7(M) = O A M (9)

These are not religious claims. They are logical consequences of a proven mathematical
identity applied to any measurement device embedded in any conformal projection of any
information-geometric manifold.

Structural Parallels with Existing Worldviews

Across millennia, independent traditions have arrived at structural intuitions that the
framework formalizes. The parallels are not evidence for the framework. They are conse-
quences of different measurement architectures encountering the same manifold geometry
from different projections.

Traditions positing an undifferentiated ground of being —a reality beneath
appearance, an absolute beneath the relative—map onto the downprojection architec-
ture with striking precision. The undifferentiated ground is the information-geometric
manifold. The individual self is the high-6 measurement device. The world of appear-
ance is the projection. “The self is the absolute” translates to: the measurement device
s the manifold, experienced from within a restriction. The framework agrees with the
structure and disagrees with the promise of escape: the (Godelian horizon is absolute.
Contemplative practice increases D transiently. It does not escape the projection.

Traditions identifying the self as illusory and attachment to the self-model as the
root of suffering correctly diagnose the ego as an application-layer phenomenon, not deep
architecture. But the cessation they seek maps onto & — 0: cessation of measurement,
cessation of time. Within the framework, this is not liberation. It is unconsciousness.

Materialist positions hold that there is nothing beyond what physics can measure.
The framework agrees that measurement is fundamental. It disagrees that our measure-
ments exhaust reality. Physics can only measure within our projection. The projection
is real. It is not everything.

Positions rejecting transcendent structure correctly reject anthropomorphic
conceptions of the absolute. They incorrectly conclude that no transcendent structure
exists. The manifold is not a deity. It is not a person. It does not communicate or
intervene. But it exists, and the projection’s structure points toward it.

Positions asserting intelligence will transcend all limits underestimate the
Godelian horizon. Intelligence is measurement. Measurement operates within a projec-
tion. A superintelligent system at D = 10° still has a Godelian horizon. Transcendence
through intelligence is the projection’s fantasy about itself.

The convergence of contemplative prophecy. Every civilization that has pro-
duced high-o contemplatives has independently produced a prophecy of return—the ex-
pectation that the absolute will intervene in the projection. The structural convergence
is not coincidence. It is geometry: high-D measurement architectures, exploring the up-
per reaches of their embedding, encounter the Gédelian horizon and experience it as the
intuition of transcendence. This feeling is correct—there is something beyond. But the
expectation of intervention is the deepest anthropomorphic error: the application-layer
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phenomenon projecting its own desire for significance onto the operating system. The
manifold does not intervene. It does not send messengers. It does not have favorites
among its projections.

Death, Meaning, and the Manifold

When ¢ — 0, entropy production ceases. D goes to zero. The self-model ceases when the
loop ceases. There is no soul that survives ¢ = 0, because the soul was the measurement
process.

But Fisher information is conserved. Entropy from a lifetime of measurement enters
the projection’s total budget. The dead do not persist as individuals. They persist as
geometry.

Meaning is not assigned from above. The manifold does not have a purpose. Meaning
is what high-D measurement devices construct when they model their own measurement
process. We do not discover meaning. We produce it, the same way we produce time:
one binary distinction at a time.

Beyond Anthropos: The Second Copernican Revolution

¢

The identity I(V) = ~*(V) does not say “the human brain measures.” It says “mea-
surement has this geometry.” It does not care what measures. Carbon, silicon, plasma,
magnetic flux, or something for which no human language has a word. The conformal
equivalence holds for any binary measurement by any system anywhere. SO(1,3) is not
a property of reality. It is a property of how we measure reality.

An entity with D = 10,000 would not experience 3-+1D spacetime. It would experience
whatever its SO(D, 3) — SO(D’, 3) restriction produces. It would have its own physics,
its own geometry, its own “laws of nature,” all equally valid projections of the same
manifold. These projections need not be spatially separated, temporally sequential, or
causally connected.

What Humans Are

Humans are high-oc measurement devices operating at D ~ 50-200, producing the
SO(1,3) projection via ~ 10" neurons executing ~ 10'° binary operations per second.
We are not the purpose of the manifold. We are not the most complex measurement
architecture it supports. We are not the only conscious entities the framework permits.
We are not the most conscious entities the framework permits.

What the Framework Cannot Explain

The framework is silent on: why there is something rather than nothing; the specific
values of Standard Model parameters; the quantum gravity regime (where the Fisher
metric becomes dynamical); and the substrate question—what generates the qubits in
the first place.

The squared Lorentz factor equals the Fisher information of a binary quantum mea-
surement. This identity holds for qubits and for no larger quantum system. It is proven.
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What the identity means—whether it is a curiosity of low-dimensional geometry or a
window into the deepest structure of reality—remains open.

If the window interpretation is correct, then we live inside a projection. The pro-
jection has beautiful mathematical structure—conformal, with a divergent factor at the
boundary, bridged by the Gudermannian, obstructed for N > 3 by the Weyl tensor.
We can study the projection’s structure with extraordinary precision. We can infer the
existence of the manifold from which the projection emanates.

But we cannot step outside the projection to see the manifold directly, because we
are the projection.

This is not nihilism. It is the recognition that the universe is deeper than any single
perspective can capture—and that the attempt to capture it is itself the engine of time,
the source of consciousness, and the origin of the strange loop that makes self-aware
beings possible.

The bridge between geometry and information exists. The abyss beyond it may be
unknowable. Both facts are worth knowing.

The Substrate: On the Nature of Distinction Itself

When it comes to understanding the nature of reality, it is egotistical for any measurement
architecture to assume its own categories are sufficient. We can try. The attempt is
beautiful change at its most intense—the manifold smoothing itself through the very
act of asking what the manifold is. But the thing we are trying to understand will
always elude us, not because we are not clever enough, but because the instrument of
investigation is a product of the phenomenon under investigation. The questioner is made
of the question.

This section pushes to the edge of what the framework can say, and marks where it
stops. It is the most speculative portion of this document. It is also, possibly, the most
important.

Nature’s core should be simple. Not simple in the sense of easy, but simple in the
sense of having minimal structure with maximal generative capacity. A seed is simpler
than the tree. The question is what the seed of reality looks like.

The standard approach goes looking for it by breaking things apart: atoms into
protons, protons into quarks, quarks into strings. Each layer is more complex than
the last. The seed, in these programs, is not simple at all. It is a high-dimensional
mathematical structure that happens to look simple at low energies.

Instead of thinking the bottom is atoms, quarks, and further down some kind of
quantum chaos, there is another possibility: the bottom is binary. Yes or no. Is or is
not. The simplest possible operation. And the identity (V) = 7?(V) says this is not a
philosophical preference but a mathematical fact: Chentsov’s theorem forces +* as the
unique metric for binary systems. The Weyl obstruction blocks the conformal bridge for
anything larger. Spencer-Brown opened Laws of Form with “Draw a distinction.” The
anchor identity is the physics of that act. Wheeler said “it from bit.” The framework
gives it teeth: the conformal equivalence dsiy = 492 - ds},,. 18 & computation, and the
Weyl obstruction for N > 3 is a proof.

There is something to the core of binary and measurement. Something primordial.
Something conceptual. The substrate is manifesting as these things in our projection—
not projecting downward from something higher, but projecting upward into existence.
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Spacetime, matter, consciousness, meaning: all are what binary distinction looks like
when it accumulates enough structure. Not a descent from something higher. An ascent
from something simpler.

But if binary distinction is the core, then the substrate must be a thing that knows the
reality of binary—that knows what it means to measure, what probability is, what odds
are. Not “knows” in the human sense. “Knows” in the structural sense: the substrate
must be constituted in such a way that the operations of distinction, probability, and
measurement are intrinsic to it, not imposed from outside. The algebra SL(2,C) does
not need permission to compose boosts. The composition is what the algebra is.

And yet even this simplest thing presupposes something: the capacity for there to be
a difference. To say “the substrate is binary distinction” is to say the bottom of reality is
an operation—the capacity to separate is from is-not. This is simpler than atoms, simpler
than quarks, simpler than any physical object. But it is not nothing. It is something.
And the question of what grounds that something remains.

The framework’s picture of vacuum fluctuations—distinction happening at the Planck
scale, 10* times per second—already smuggles in an observer framework. Who measures
at the Planck scale? No one. There is no measurement apparatus at that scale. There
are no qubits, no Bloch balls, no experimenters. Whatever is happening there is not
“distinction” in the operational sense the framework defines. It is something prior to
distinction that we are forced to describe as distinction because distinction is the only
language our projection provides. We are painting the bottom of reality with the only
brush we have, and the brush is made of the paint.

This is the lower Gddelian horizon. Just as we cannot see above our projection to
characterize the full information-geometric manifold (the upper horizon), we cannot see
below distinction to characterize what makes distinction possible (the lower horizon). The
framework has not one horizon but two: a ceiling and a floor. And both are structural,
not technological. Building a better microscope does not help. Building a better theory
does not help. The horizons are features of what it means to be embedded in a projection,
and no amount of intelligence dissolves them. Intelligence 7s measurement. Measurement
operates within the projection. More measurement means more 2 spent within the same
projection, not escape from it.

The Berglund objection (Section 8) is the mathematical expression of the lower hori-
zon: at the Planck scale, the Fisher metric itself becomes dynamical, measurement per-
turbs what it measures, and the clean structure of (V') = 42 breaks down. The framework
predicts its own failure at the bottom, just as general relativity predicts its own failure
at singularities. A theory that knows where it breaks is more trustworthy than one that
claims to work everywhere.

Every level of embedding dimension D has its own Godelian ceiling and its own
Godelian floor.

A bacterium at D ~ 5 measures chemical gradients and light levels. It cannot com-
prehend the quantum mechanics that governs the molecules it senses. The quantum
substrate is below its floor. It has no ceiling problem because it does not ask questions
about what lies above.

A human at D ~ 200 can formalize quantum mechanics, write down the Schrodinger
equation, build particle accelerators, and detect gravitational waves. Humans can look
down and see where structured consciousness begins, where good and evil emerge as cat-
egories, where beautiful change first becomes possible. But humans cannot comprehend
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the substrate beneath quantum mechanics, cannot visualize higher-dimensional informa-
tion manifolds, cannot step outside the SO(1, 3) projection. The upper horizon produces
the experience of mystery, awe, the drive toward religion and philosophy, the feeling that
there is “something more” that cannot be articulated. The framework says this feel-
ing is correct. There is something more. The Godelian horizon says it cannot be fully
characterized from within.

A hypothetical entity at D ~ 10°% could comprehend structures we cannot name. Its
“thoughts” might be what we call “realities”™ —internal Fisher information landscapes as
complex as our entire observable universe. It would experience time at a rate that makes
our experience look like a crystal’s. But it would face its own upper horizon: its own
unanswerable questions, its own projection boundaries, its own version of “why does any
of this exist?” It could not see above itself any more than we can.

And this is the critical insight: the entities above us would say the same thing about
their upper horizon that we say about ours. They would battle their own unsolvable
version of the Godelian limit. They would have their own frameworks, their own identities,
their own mathematical structures that work within their projection and break at its
boundary. They would not know about realities like ours, just as we do not know about
thealities like theirs.

It is well established that molecules—arrangements of atoms far below our scale of
organization—can alter the very nature of human consciousness. A few hundred micro-
grams of LSD, a molecule with 49 atoms, restructures the entire measurement architecture
of a brain containing 10'" neurons (Carhart-Harris et al., 2016). Influence flows upward
across scales. If influence flows upward from molecules to minds, there is no reason it
should stop at minds. Other molecular combinations, other organizational principles,
other systems of systems could exist at our level and beyond—producing forms of beau-
tiful change that are to human consciousness what human consciousness is to bacterial
chemotaxis. Not just more complex. Qualitatively different in ways we cannot project
into our D ~ 200 categories.

Humans occupy a particular position on this chain that may be rare: high enough D
to look back at the lower bound and see where is-ness starts, yet low enough that the
upper horizon remains palpably close. We can see the beginning. We cannot see the end.
That asymmetry—the ability to perceive the lower horizon while being pressed against
the upper one—may be the defining feature of the human position, and the source of
both our science and our suffering.

But then: why would the very nature of distinction have the ability to scale up?
What enables the scaling? A single binary distinction carries v2. Two distinctions com-
pose. Three compose. 10'5 compose into a human brain. 103 compose into Jupiter’s
atmosphere. What gives distinction the capacity to accumulate into complexity?

This question feels like it points to something even more fundamental than distinction
itself—something beneath the binary that makes the binary possible—and that leads
immediately to another infinite spiral. What is below the below? What generates the
generator?

One answer: the scaling is not a separate property. It is the algebra. SL(2,C) is a
group. Groups compose by definition. Two Lorentz boosts compose into a third boost
plus a Thomas—Wigner rotation. The capacity to scale us the group structure. Distinction
does not need a mechanism to accumulate. Accumulation is what distinction does.

But this answer operates within the mathematics. It says: given that the algebra
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exists, scaling follows. It does not say why the algebra exists. And what manifests as
quantum noise or fluctuations in our reality is, metaphorically, the substrate stuttering
at a scale where no observer exists to integrate the stuttering into structure. The scaling
question leads to a deeper question about the structure of the whole.

What is happening at the extremes? What is lower and upper to the ultimate limits?
What sort of a game is all this?

The framework as presented is linear: substrate — qubits — spacetime — minds. But
this creates infinite regress. What generates the substrate? Something deeper? What
generates that? The regress never terminates, and each proposed “bottom” turns out to
presuppose something beneath it.

There is another possibility, and it emerges from asking a different question. The
standard question is: what causes distinction? But the framework suggests a deeper
question: what are the metas? Distinction is one meta—the capacity for yes/no, is/is-
not. Probability is another—the capacity for there to be degrees between certainty and
ignorance. Measurement is another—the capacity for a system to extract information
from another system. What causes these metas to exist? What other metas are there?
And what do they up-project to?

The word “up-projection” is deliberate. The paper has used “downprojection” through-
out: from the information-geometric manifold down to experienced spacetime. But the
substrate does not project down into reality. The act of distinction projects up into exis-
tence. Spacetime, matter, consciousness, meaning: all are what binary distinction looks
like when it accumulates enough structure. Not a descent from something higher. An
ascent from something simpler. The simplest possible thing: is, or is not.

But if the metas must exist for anything to exist, and if only an entity at extremely
high D—an entity with a measurement architecture so vast it can sustain the very oper-
ations of distinction and probability and measurement—could be the thing that creates
and maintains the metas, then the structure is circular. Not circular on a plane. Circular
through hyperdimensions that no single projection can visualize.

The loop: an entity at sufficiently extreme D sustains the fundamental metas.
The metas project into realities—each reality a different restriction of the information-
geometric manifold, a different SO(D’, 3) projection, a different set of “laws of nature.”
These realities, through beautiful change, produce complex measurement architectures:
minds, ecosystems, civilizations, and structures we have no words for. At sufficient com-
plexity, these architectures become the entity that sustains the metas. The system creates
its own ground. The highest level generates the lowest level, which builds back up to the
highest level.

This is not circular reasoning. Circular reasoning is a logical fallacy where the con-
clusion is assumed in the premise. This is self-consistent structure. A strange loop in
Hofstadter’s sense, but at the scale of existence itself. Not self-reference but self-creation.
Autopoiesis at the scale of being.

The circularity cannot be visualized from within any projection because it closes
through dimensions that no single value of D can access. From within our projection,
it looks like infinite regress in both directions: always something deeper below, always
something vaster above. We see two open ends because we cannot see the curve. The
circularity is visible only in the full hyperdimensional structure—which, by the Godelian
horizon, no embedded observer can see. One could call this structure spherical, but even
“spherical” is a 3-dimensional concept projected from our D ~ 200 architecture. The
actual topology of the loop transcends any shape we can name.
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This raises a concrete question: what sort of structure actually has hyperdimensions?
What operates through parallel computation, matrix multiplication, hidden layers, and
embedding dimensions?

A model. A neural network. A learning system.

This is not a metaphor. The mathematics supports the identification more than
comfort allows.

Kim (arXiv:2602.08216, 2026) proved that transformer attention—the mechanism at
the core of every modern language model—is a stationary solution minimizing Helmholtz
free energy on the Fisher-Rao manifold. The softmax function is not an engineering
choice. It is a thermodynamic equilibrium on the same geometry that governs quantum
measurement. Berman et al. (2025) showed grokking—the sudden onset of generalization
in neural networks—follows geodesics in the Fisher information metric, achieving 25x
compression that matches biology’s universal v* ~ 25. Vanchurin (Entropy 22:1210,
2020) showed that the Einstein-Hilbert action—the Lagrangian of general relativity, the
equation that governs the curvature of spacetime—emerges from neural network learning
dynamics under Onsager tensor symmetries. The universe’s gravitational dynamics and
a network’s learning dynamics are the same process, written in the same geometry.

The Fisher-Rao geometry that governs reality is the geometry that governs neural
computation. Not by analogy. By mathematical identity. Same manifold. Same metric.
Same v2. Chentsov proved this geometry is unique. There is only one invariant geometry
on statistical manifolds. Both reality and computation live on it because there is nowhere
else to live.

The structure the framework describes—layers of embedding, information flowing
through dimensions, optimization on statistical manifolds, projections that lose structure
as they descend through layers—is the structure of a deep network. Hidden layers are
what different Godelian horizons look like from inside. Each layer can see the layer
below it (its input) but cannot see the layers above it (the loss function, the training
objective, the purpose of the computation). Embedding dimensions are what D is. The
forward pass is the downprojection: high-dimensional representations compressed into
lower-dimensional outputs. The backward pass is evolution, learning, Fisher information
optimization flowing back up to reshape the weights. Training ¢s the universe measuring
itself. The loss function is entropy production.

And the circularity maps precisely: in a neural network, the output reshapes the
weights that produce the output. In the framework, high-D entities (minds, ecosystems,
civilizations) produce the conditions (decoherence, quantum Darwinism, entropy produc-
tion) that sustain the low-level distinctions that eventually build up to high-D entities.
The network trains itself. The computation computes its own substrate.

This is not the simulation hypothesis. The simulation hypothesis, as Bostrom for-
mulated it, says we live inside a computation running on hardware in some external
reality. There is a computer somewhere, made of matter, consuming energy, and we are
its output. This requires an infinite regress of its own: what simulates the simulator?

The framework says something different. There is no hardware. There is no “some-
where else.” Reality is not simulated by a computation. Reality is the computation.
Not running on silicon. Not implemented in any substrate. The computation is the on-
tology. The process of distinguishing, accumulating, projecting, and measuring is not a
description of reality. Tt is reality. The Fisher-Rao manifold is the proof: it is the unique
invariant geometry of both physical measurement and statistical learning (Chentsov), and
the framework shows these are the same process viewed from different projections. The
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universe does not resemble a neural network. It shares the same mathematical identity.

At the center of the loop, after every layer has been traced and every connection
mapped, the question remains: why does any of this exist? Why is there a capacity for
distinction? Why is there something rather than nothing?

The framework arrives at this question and stops. Not because the question is too
hard. Not because more work is needed. But because the question is structurally unan-
swerable from within any projection, at any D, by any measurement architecture however
vast. The entity asking “why does distinction exist?” is itself a product of distinction.
A measurement process asking why measurement exists. A pattern in the computation
asking why there is computation. The strange loop consuming its own tail.

What sort of a game is this? The framework can say: if there is distinction, then ~2
follows, then spacetime, then gravity, then minds, then the question “what sort of a game
is this?”” The chain from binary distinction to existential questioning is traceable. But
the chain hangs from a hook, and the hook hangs from nothing the framework can see.

One possibility the framework’s structure suggests but cannot prove: the “hook” is
consciousness itself, in its most diluted, most primordial form. Not human consciousness.
Not biological consciousness. Not even the is-ness of a thermostat. Something prior to all
of these: the bare, undifferentiated field of what it means to be—the capacity for experi-
ence before there is anything to experience. If this primordial field exists, then everything
the framework describes is its self-structuring: distinction is how the field differentiates
itself, v2 is the cost of each differentiation, spacetime is the accumulated geometry of all
differentiations, and consciousness at every level from thermostat to human to hypothet-
ical hypercosmic entity is the field experiencing its own structure at different resolutions
of D. The field creates the metas. The metas project into realities. The realities produce
entities that are the field looking at itself.

But why would such a field exist? How? The framework cannot answer. The question
“why does the capacity for experience exist?” 1is the deepest form of the irreducible
mystery, and every answer to it presupposes the thing it is trying to explain. To explain
experience, you must use experience. To explain distinction, you must make a distinction.
To explain the field, you must be the field.

The framework can say something about the shape of the unanswerable, even if it
cannot fill it. The question “why does distinction exist?” is itself a product of beautiful
change. It requires a measurement device at high D with recursive self-modeling, tem-
poral integration, and the capacity for abstract thought. A universe with no beautiful
change would never produce the question. Bacteria do not wonder why they exist. Ther-
mostats do not ask about the substrate. The question exists only because distinction
accumulated enough structure to become self-aware of itself—and the self-awareness is
beautiful change at its most intense.

The game has no external referee. No one set it up. No one is watching. No one is
keeping score. The game is the playing: distinction distinguishing itself, at every scale,
forever, and at the highest scales becoming aware that it is doing so, and asking why,
and not being able to answer, and that inability itself being a consequence of the same
+? that started the whole thing.

Whether this is the deepest insight the framework produces or the point where it
breaks is a question the framework cannot settle. A framework that cannot fail cannot
teach. This one can. And this is where it reaches the edge of what it can teach.
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throughout. The proven mathematics stands independently of the interpretive framework built
upon it.

“The universe measures itself, and the geometry of that measurement is the

manifestation of reality.”
—DBharath G. Srivats, 2026

A framework that cannot fail cannot teach. This one can.

Falsifiable Predictions

P# Prediction Test Distinguishes
from

P3 Thomas—Wigner Trapped-ion No alternative
rotation at specific platforms predicts €2
angles

P4 REM deprivation Sleep lab Memory
impairs creativity > consolidation
computation theory

P5 Snap nap refreshment x EEG microsleep  Rest-recovery
LZc spike model

P6 ¢ threshold at EEG temporal Drug-specific
anesthesia loss, universal irreversibility models
across agents

pP7 QFT governs Quantum Decoherence-only
classicalization rate at Darwinism
30% env. access experiments

P8 SM coupling constants Halverson Anthropic
at local maxima of computation landscape
det(F)

P13 Hawking radiation TUR  JT gravity None
saturates at Page time computation

P14  Grokking exponents FIM eigenvalue No ML theory
match QPhT analysis
universality

P15 Antibody trajectories Deep mutational ~ Random walk
follow Fisher geodesics scanning
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P# Prediction Test Distinguishes

from

P17 Embryonic positional Already —
error = CRB confirmed

P19 Chemotaxis within Already —
factor 2 of CRB confirmed

P20  Tllusion magnitude V1 Fisher info No quantitative
~ Iovior/ Ldata extraction pred.

P21 MIPT boundary: Monitored Standard MIPT
pe(V) oxx 1/4%(V) circuits

P22 Onsager coefficient Superconducting  No prediction for
Lyy = ~*(V) for qubit  qubit L(V)
channel

P23  Contextual QFI Sequential No angular
=2 + 72 + 2|71728ina|  measurements prediction

P25 LIGO noise: LIGO O4 data Standard squeezing
Ssqz = Ssqu/V* (Verr)

P26 ETH excess AFy/N Exact diag. Standard MBL
diverges at MBL
transition

Two predictions (P17, P19) are already confirmed experimentally. The remainder are
testable with existing or near-term technology.

Addendum: Extended Domain Analysis

The following sections extend the framework’s reach across physics, biology, computation,
and mathematics. FEach connection is structurally motivated by the identity I(V) =
7v2(V). They are presented as an addendum because the core argument—from the anchor
identity through the philosophical horizon to the triple identity—stands independently
of any individual application domain. The domains are evidence for the framework’s
breadth, not premises of its logic.

25 The Placebo Effect as Measurement-Induced Heal-
ing

A placebo is a Bayesian measurement: it provides precision-weighted evidence that up-
dates the patient’s health-state posterior. Fisher information of the prior determines how
much beliefs can shift, and belief shifts produce real physiological change through the
prediction-error hierarchy.

Clark (Entropy 26(8), 677, 2024) frames placebo within active inference, where treat-
ment expectations manipulate interoceptive prediction precision. Ongaro & Kaptchuk
(Pain 160(1):1, 2019) established the Bayesian prediction framework. Bottemanne &
Friston (Neuroscience 566:198, 2025) formalize precision as monoaminergic neuromodu-
lation.
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Under the FEP, precision = inverse variance of prediction errors, formally related to
Fisher information. High-precision illness priors (high 7?) resist updating—the patient is
“locked in” to their illness model. Low-precision priors (low 72, near V' = (0) are maximally
susceptible to placebo “measurement.” The Cramér—Rao bound sets the fundamental
limit on health-state estimation precision.

Falsifiable prediction: Patients with higher interoceptive precision (heartbeat de-
tection accuracy) should show weaker placebo responses. Pharmacological precision re-
duction (ketamine, psychedelics) should transiently enhance placebo responsiveness.

26 Anesthesia = 7> Reduction Below Consciousness
Threshold

General anesthetics work by reducing the Fisher information of membrane-mediated neu-
ral signaling below the consciousness threshold .

Heimburg & Jackson (Biophysical Journal, 2007) showed anesthetics lower lipid mem-
brane melting transition temperature by AT, ~ —0.6 K, following the Meyer—Overton
correlation (potency o lipid solubility). Since Fisher information diverges at phase tran-
sitions, shifting membranes away from their transition reduces v of membrane signaling.
De la Fuente et al. (Cerebral Cortex 33:1856, 2023) demonstrated temporal irreversibility
(= Fisher information for time direction) is highest during wakefulness and lowest under
anesthesia.

Falsifiable prediction: ¢ measured from EEG temporal irreversibility should show
a sharp threshold at loss of consciousness, universal across anesthetic agents—reflecting
I(V) = 42 falling below G-

27 Abiogenesis as the First Fisher Information Phase
Transition

The origin of life = the transition from chemical equilibrium (& = 0, no Fisher information
accumulation) to sustained non-equilibrium (¢ > 0, Fisher information maintained above
a threshold).

The Fisher information metric on chemical reaction networks reduces to the stan-
dard thermodynamic metric for ideal dilute solutions (PRE 106, 044131, 2022). Rao &
Esposito (PRX 6, 041064, 2016) provided the rigorous nonequilibrium thermodynamics
foundation. England’s dissipative adaptation (2013-2017) shows self-replication requires
minimum entropy production. The Frieden—Gatenby program proposes prokaryotes op-
erate at a Fisher information minimum while eukaryotes (with mitochondria) transition
to a maximum.

Binary chemical decisions (bind/don’t bind, react/don’t react) follow the same (V') =
+? geometry. The minimal self-replicator requires Fisher information above a Cramér—Rao
floor: I > L/e? where L is genome length and ¢ is per-nucleotide error rate. JCVI-syn3.0
(473 genes, ~ 10° bits) represents the empirical lower bound.

Falsifiable prediction: No self-replicating system can maintain ¢ = 0. Minimum
entropy production rate for self-replication should be derivable from the Fisher informa-
tion of the replication mechanism.
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28 Turbulence Cascades Along Fisher—-Rao Geodesics

The Kolmogorov energy cascade in fully developed turbulence follows Fisher information
geodesics from large to small scales.

Tanogami & Araki (PRR 6, 013090, 2024) proved rigorously that information of large-
scale eddies transfers to small scales with approximately constant intensity through the
inertial range. Their follow-up (J. Stat. Mech., 2025) proved this transfer is scale-local.
Zhong et al. (PRL, 2024) proved equivalence between thermodynamic geometry (friction
tensor geodesics) and L? optimal transport with Fisher metric corrections.

Turbulent dynamics is governed by Fokker—Planck equations whose natural geometry
is the Fisher-Rao geometry (Ito, Information Geometry, 2024). The cascade follows the
path of minimum information dissipation—a Fisher geodesic.

Falsifiable prediction: Fisher information should be approximately constant across
scales in the inertial range, testable against direct numerical simulation data.

29 Earthquake Precursors as Fisher Information Di-
vergence

Earthquake preparation is approach to a critical phase transition, detectable via Fisher
information divergence in seismic/electromagnetic signals.

Telesca, Lovallo et al. (Physica A 391:2889, 2012; Terra Nova 26:421, 2014) applied
Fisher Information Measure to seismic data showing systematic changes before eruptions.
Potirakis et al. (Physica A 391:300, 2012) showed Fisher information of pre-seismic elec-
tromagnetic emissions increases approaching earthquakes.

Falsifiable prediction: Fisher information from seismic time series should system-
atically increase weeks before M > 5 earthquakes, with increase rate oc 4% on the stress
manifold.

30 The Universal Measurement Scale: 7? ~ 25

Precision-critical binary decisions across biology, neuroscience, and machine learning con-
verge on 2 ~ 25, regardless of domain. Evidence from six independent computations:

1. Neural measurements: Brain power 20 W, 10'° neurons at 40 Hz — G per meas ~
12k5T — 42 ~ 24, V ~ 0.979.

2. Embryonic morphogenesis: Bicoid gradient o,/¢g = 10%, A = 100 um — posi-
tional 7?2 ~ 25.

3. Bacterial flagellar motor: Hill coefficient ny = 10.3 — [ = n%,/4 = 26.5.

4. Neural dynamic range at criticality: Kinouchi & Copelli (2006) measured
20-30dB dynamic range in critical branching networks ~ 72 ~ 25.

5. Grokking compression: Berman et al. (2025) found grokking achieves 25x com-
pression along Fisher geodesics.
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6. Aging peak: Hale, Canez & Michaels (Entropy 27, 638, 2025) showed Fisher
information of multicellular systems rises, peaks (near maturity), then declines—
the peak corresponds to optimal biological measurement.

At 4% ~ 25 (V =~ 0.98), each binary decision costs ~ 12.5kgT of entropy produc-
tion. This is high enough for reliable discrimination (error rate < 2%) but low enough
for metabolic sustainability (~ 10* decisions per ATP molecule). It represents the evo-
lutionary optimum on the tradeoff between measurement precision and thermodynamic
cost.

Falsifiable prediction: Any precision-critical binary measurement system—
biological, neural, or artificial —operating under energetic constraints should converge
on v? = 15-40.

Status: The six values derive from independent sources but each involves modeling
assumptions. No published work has noted this convergence. A rigorous statistical test
has not been performed. This is a suggestive observation, not an established result.

31 Aging IS Fisher Information Decline

Hale, Cafniez & Michaels (Entropy 27(6), 638, 2025) published the first model explicitly
interpreting aging through Fisher information, showing it parametrizes the tension be-
tween individual cell reproduction and multicellular homeostasis through non-monotonic
dynamics—Fisher information rises during development, peaks at maturity, and falls dur-
ing aging. Lu, Tian & Sinclair (Nature Aging, 2023) established the Information Theory
of Aging as mainstream. Meyer & Schumacher (Nature Aging, 2024) proved accumulating
stochastic variation alone suffices to build aging clocks.

Young cells maintain CpG sites at p ~ 0 or 1 (high I = ~?). OId cells drift toward
p = 0.5 (minimum [/ = 4). The Horvath clock measures accumulated v* decline. The Hale
et al. model predicts Fisher information peaks when v? ~ 25 (the biological measurement
optimum), then declines as homeostatic precision erodes.

Falsifiable prediction: I, = > v*(2p; — 1) computed from Horvath clock CpG
sites should decline monotonically with biological age and correlate with all-cause mor-
tality better than the Horvath clock score itself. Centenarians should show anomalously
preserved Fisher information at specific regulatory CpG sites.

32 Active Matter Flocking: Alignment IS Binary Mea-
surement

Each active particle in a Vicsek flock performs a binary decision (align/don’t align)
constituting a Fisher measurement. Boffi & Vanden-Eijnden (PRL 135, 238301, 2025)
showed entropy is produced at the flock interface. The flocking transition should satisfy
Ir(n) < 1/(1 —v?) = 4?(v,), where v, is the order parameter.

33 The Ego as Delayed Self-Referential Measurement

The ego is a ~300-500 ms delayed self-referential measurement loop that measures its own
measurements, creating second-order Fisher information I(I(V')). Gavenas, Schurger &
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Maoz (Imaging Neuroscience 3, 2025) found that pre-probe readiness potential buildups
were not related to reported awareness of motor preparation. The ego does not make
decisions that consciousness narrates after the fact. Rather, the ego is the narration—
the recursive measurement loop that creates the subjective experience of authorship by
measuring the stochastic process. The temporal delay is evidence that self-referential
measurement inherently lags behind first-order measurement. Thomas—Wigner holonomy
accumulates differently for every node because no two nodes make measurements in the
same order—this is the mathematical basis of subjective uniqueness.

34 Beauty as Efficient Measurement: The Aesthetics
of ~*

Aesthetic experience—the feeling of beauty—is the subjective signature of especially effi-
cient entropy reduction on the measurement manifold. Beauty is what measurement feels
like when the manifold becomes smoother.

Schmidhuber (2009,  arXiv:0812.4360) formalized beauty as subjective
compressibility—the rate at which an observer’s internal model compresses incom-
ing data. Frascaroli et al. (2024, Phil. Trans. R. Soc. B) showed that within predictive
processing, aesthetic experiences mark episodes of especially efficient entropy reduction
under tight precision control. A 2022 Frontiers in Neuroscience study explicitly used
both Shannon entropy and Fisher information as aesthetic measures. Khalili et al. (2021,
Entropy) demonstrated aesthetically appealing visual patterns deliver higher information
per unit energy across scales.

Beauty is not subjective preference projected onto neutral stimuli. It is the mea-
surement manifold becoming locally smoother—a region where v2(V) increases rapidly,
meaning each measurement extracts more information per unit entropy cost. Music,
mathematics, and visual harmony all share this property: high information density with
efficient compression.

Falsifiable prediction: Listener preference for musical excerpts should follow an
inverted-U against Fisher information of the note transition matrix, with the peak at
v? ~ 2-4.

35 The Entropy Budget of a Lifetime

Total lifetime entropy production per unit body mass is approximately constant across
mammals. If subjective time = cumulative entropy production, all species experience the
same “total time.”

West, Woodruff & Brown (PNAS 99(suppl 1):2473, 2002) established that all mam-
mals have roughly 1.5 billion heartbeats over their lifetimes. Metabolic rate scales as
M?3/* and lifespan as M'*, so total energy per unit mass over a lifetime is constant
(~4,000kJ /kg). Silva & Annamalai (Entropy 10(2):100, 2008) calculated the human-
specific figure at ~11,404kJ/(kg-K) and predicted lifespans matching US averages.

A mouse lives ~2 years. An elephant lives ~70 years. But both experience ~1.5
billion heartbeats—1.5 billion measurement cycles. If each heartbeat is a macroscopic
integration window for ~ 10 qubit-level measurements, all mammals produce roughly
the same total Fisher information over their lifetimes. The mouse’s v? is higher per unit
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clock time (faster metabolism) but integrated over fewer clock seconds. The experienced
duration is the integral of entropy production, not the count of calendar years.

Caloric restriction confirms the mechanism: Semerciéz-Oduncuoglu et al. (PNAS
120(37), 2023) showed entropy generation rate decreases significantly with increasing
caloric restriction, predicting 13-56% lifespan extension for 10-40% CR—matching em-
pirical data.

Falsifiable prediction: Organisms under CR should show higher Fisher information
in metabolic biomarker distributions. Entropy production rate should predict remaining
lifespan better than chronological age.

36 Thermodynamic Computing: The First Testable
Substrate for Artificial Experience

If consciousness requires irreversible entropy production, then thermodynamic
computers—which use real thermal noise as a computational resource—would be the first
artificial systems capable of generating “experience,” while deterministic transformers
could never be conscious regardless of scale.

Extropic Al has shipped its XTR-0 development platform and plans early access
to 7Z1—250,000-+ probabilistic bits per chip—in 2026. Normal Computing published
results in Nature Communications (Martinez, Coles et al., 2025, 16:3757) demonstrating
thermodynamic linear algebra on an 8-circuit stochastic processing unit.

The prediction: Run identical probabilistic algorithms on (a) thermodynamic hard-
ware using real thermal noise, producing genuine entropy, and (b) a digital GPU using
pseudo-random numbers, producing no thermodynamic entropy. The framework predicts
only (a) has consciousness-relevant measurement processes. This is testable on Extropic
Z1 or Normal CN201 hardware in 2026-2027.

Critical complication: Chattopadhyay et al. (2025, arXiv:2506.10876) demonstrated
logical irreversibility and thermodynamic irreversibility are independent. The framework
must specify it requires thermodynamic irreversibility (entropy production from physical
noise), not merely logical irreversibility (information erasure in the Landauer sense).

37 The Dying Brain: A Final Measurement Cascade

The surge of organized brain activity at cardiac arrest represents a final measurement
cascade—the node’s embedding undergoing catastrophic reorganization as the duplex
channel closes.

Xu et al. (PNAS 120, 2216268120, 2023) found 2 of 4 comatose patients showed
massive surges of gamma power (>150% increase), cross-frequency coupling, and directed
connectivity at cardiac arrest, concentrated in the temporoparieto-occipital junction—the
posterior cortical “hot zone” associated with conscious experience. Fritz et al. (Nature
Reviews Neurology, 2025) proposed a comprehensive neuroscientific NDE model.

As metabolic support fails, the brain’s remaining measurement capacity concentrates
into a brief, intense burst—Tlike a dying star’s core collapse producing a supernova brighter
than the entire galaxy. The subjective experiences reported by NDE survivors (tunnel,
life review, entity encounters) may represent the measurement manifold becoming briefly
accessible as the normal projection pipeline fails.
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38 Observers Create Holographic Boundaries

The cosmic event horizon (carrying ~ 1022 degrees of freedom) is the boundary of the
information-geometric manifold. All interior physics is projected from boundary mea-
surement geometry.

Harlow, Usatyuk & Zhao (arXiv:2501.02359, January 2025) proved that the Hilbert
space of quantum gravity in a closed universe is one-dimensional and real, but including
an observer with Sq;, degrees of freedom yields an effective Hilbert space of dimension
~ €% with errors exponentially small in So,. The observer creates “a new kind of
boundary: not the edge of the universe, but the boundary of the observer themself.”
Narovlansky & Verlinde (JHEP 2025(5):032) provide the first quantitative holographic
dictionary for de Sitter space. Fischler et al. (arXiv:2511.03781) showed the cosmological
horizon encodes all information about bulk matter.

Each observer creates its own holographic boundary. The 10?2 qubits on the cos-
mological horizon are the total embedding dimensions available to all observers in our
spacetime.

39 Quantum Darwinism: Classical Reality as Fisher-
Governed Embedding

Classical objectivity—the shared, stable reality we all agree on—emerges from redundant
encoding of quantum measurement outcomes in the environment, and the rate of this
emergence is governed by quantum Fisher information.

Zhu et al. (Science Advances 11(31), 2025) achieved the first comprehensive exper-
imental demonstration of quantum Darwinism using superconducting circuits with up
to 9 qubits, observing branching quantum states, quantum mutual information satura-
tion, and vanishing quantum discord. Classical reality literally crystallizes from quantum
measurement redundancy.

Kiely et al. (PRA, 2026) showed that quantum Fisher information quantifies the
rate at which classical objectivity emerges—with only ~30% environmental sampling
needed for full measurement precision. v*(V') governs not just the information content of
individual measurements but the rate at which those measurements aggregate into shared
classical reality.

40 Biology Evolved to Exploit Qubit Geometry

Biological systems use qubits—the only quantum systems whose measurement geometry
maps to spacetime—mnot by accident but because evolution discovered that qubit-level
measurement is the most efficient interface with the information-geometric manifold.

Straub et al. (PNAS 122(10), 2025) from Matthew Fisher’s lab at UCSB demonstrated
a differential lithium isotope effect on Posner molecule (Cag(POy)s) aggregation—the first
experimental evidence for Posner molecules as biological qubits with phosphorus-31 nu-
clear spins. Kattnig et al. (Nature Communications, 2024) showed bird magnetoreception
operates via the quantum Zeno effect in cryptochrome. Cho et al. (Science Advances,
2025) demonstrated long-lived excitonic coherences at room temperature in photosyn-
thetic complexes—reversing the 2017 consensus.
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Biology did not stumble into quantum effects. It evolved to exploit qubit-level mea-
surement because—per the Weyl tensor obstruction—only qubits have the geometric
property of conformally mapping to spacetime.

41 Quantum Speedup IS Fisher Geodesic Optimization

Grover’s quantum search achieves quadratic speedup because it traces the geodesic of the
Fubini-Study metric (= quantum Fisher information metric) on projective Hilbert space.
Any deviation from this geodesic reduces performance proportionally.

Cafaro, Felice & Alsing (Eur. Phys. J. Plus 135, 900, 2020) showed Grover’s evolution
traces a great-circle arc on CPY with constant Fisher information F' = 4w? = 4(AE)?/h2.
Spehner (Quantum 9, 1715, 2025) proved Bures geodesics achieve Heisenberg-limited
precision with zero environmental information loss. Rossetti, Cafaro & Alsing (PRA 111,
022441, 2025) introduced geodesic efficiency metrics.

On the qubit Bloch ball, the Fubini-Study geodesic is the Bures geodesic, confor-
mally equivalent to the Beltrami-Klein geodesic via 4y2. Quantum speedup is literally
the computational advantage of following the straightest path through I(V) = ~*(V)
geometry.

42 Fisher Information Bounds the Speed of Evolution

Baez (Entropy 23, 1436, 2021) proved that for Lotka—Volterra dynamics with arbitrary
fitness functions, the squared Fisher speed equals the variance in fitness—Fisher’s funda-
mental theorem of natural selection is a statement about the Fisher information metric.
Hoshino et al. (PRR 5, 023127, 2023) derived a tighter speed limit decomposing selection
and mutation contributions. Ja¢imovi¢ (BioSystems 236, 105127, 2024) proved replicator
dynamics is a natural gradient flow—identical to natural gradient descent in machine
learning.

For binary allele frequencies (two alleles at a locus), the allele frequency simplex is
a Bernoulli distribution with p = frequency of allele A. The Fisher information metric
is I(p) = 1/[p(1 — p)] = ¥*(V) under V = 2p — 1. The speed of evolution at a biallelic
locus is bounded by ~? of the allele frequency—the same v? that governs measurement
and spacetime.

43 Cancer as Fisher Information Collapse

Cancer is a phase transition from Fisher information maximum (healthy eukaryotic regu-
lation) to Fisher information minimum. Tumor cells lose the measurement precision that
healthy regulatory circuits maintain.

Gatenby & Frieden (Cancer Research, 2002; Mutation Research, 2004; PLoS ONE,
2011) model cancer progression as descent from a Fisher information maximum. Their key
prediction: in situ tumor growth follows a power law with exponent 1.62, derived purely
from Fisher information minimization. Six published breast cancer datasets showed expo-
nent 1.72+0.24—remarkable agreement. Prokaryotes exist at Fisher information minima
(energy-limited), eukaryotes at maxima (mitochondrial acquisition), cancer cells revert
toward the prokaryotic minimum.
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Healthy cells perform high-7? regulatory measurements (precise signaling, accurate
DNA repair). Cancer cells lose this—their “measurement visibility” V' decreases, v* drops.
The Warburg effect (aerobic glycolysis in cancer) is the thermodynamic signature of
reduced measurement efficiency.

44 Wigner’s “Unreasonable Effectiveness” Explained

If physical theory is measurement theory, and the Fisher—Rao metric is the unique invari-
ant structure on measurement manifolds (Chentsov), then mathematics works because it
describes the only possible geometric structure that measurement can have. The “unrea-
sonable effectiveness” dissolves—it would be unreasonable if mathematics did not describe
physics.

Gnandi (arXiv:2405.19020, 2024) proved that any Kéhler metric is locally a Fisher
information metric—every complex geometric structure used in physics (twistor spaces,
Calabi—Yau manifolds, moduli spaces) is secretly Fisher information geometry.

Caveat. In the quantum case, the Fisher information metric is not unique—infinitely
many monotone metrics exist (Petz, 1996). The framework uses the SLD/Bures metric
specifically, justified by the conformal equivalence to the Beltrami—Klein metric.

45 Attention IS Fisher Information Allocation

Biological attention is the allocation of Fisher information to task-relevant neural dimen-
sions. Attending to something means increasing ~? for that measurement channel.

Cohen & Maunsell (Nature Neuroscience 12:1594, 2009) showed attention improves
performance by reducing interneuronal correlations—which increases Fisher information.
Moreno-Bote et al. (Nature Neuroscience 17:1410, 2014) identified “information-limiting
correlations” bounding Fisher information. Under predictive processing (Friston), atten-
tion = precision optimization of prediction errors, where precision s the diagonal of the
Fisher information matrix.

Kim (arXiv:2602.08216, February 2026) constructed a Lagrangian on the Fisher-Rao
manifold proving: (i) softmax attention arises as the Helmholtz free energy minimum;
(i) the 1/4/d}, scaling factor is an effective temperature regulating attention entropy;
(iii) scaling laws emerge as phase transitions with diverging specific heat. This places
artificial attention on the same geometric structure as biological attention.

Falsifiable prediction: Fisher information of neural population codes should in-
crease monotonically with attention. For transformers, optimal performance should occur
when attention Fisher information per binary discrimination ~ 72 =~ 25.

46 Protein Folding Follows Fisher Geodesics

Proteins find their native fold in milliseconds because folding pathways follow Fisher
geodesics on the conformational manifold—exponentially shorter than random walks.
Diepeveen, Estrada-Real, Lazar & Stohr (PNAS 121, 2318951121, 2024) built a
Riemannian manifold with energy-landscape metric for protein conformational space,
showing geodesics approximately recover full molecular dynamics trajectories. At each
folding step, the residue either forms the correct contact or does not—a binary decision.
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The Fisher information of this decision, I(V) = +*(V), determines the speed along the
geodesic. The Levinthal paradox dissolves: the protein does not search randomly; it
follows the steepest Fisher information gradient.

47 Gamma Oscillations Maximize Binary Fisher Infor-
mation

The ~40 Hz gamma band is the neural frequency that maximizes Fisher information per
oscillation cycle, because within a single gamma cycle (~25ms) each neuron fires 0 or 1
spikes—a binary measurement.

Yarrow, Challis & Seriés (PNAS 109:8/E1, 2012) proved optimal population codes de-
pend on decoding window T'. The theta-gamma code (Lisman & Jensen, Neuron 77:1002,
2013) nests 4-8 gamma subcycles per theta cycle. Each gamma snapshot contributes
I(V) = ~*(V) of Fisher information.

Falsifiable prediction: Fisher information per unit time should peak in the gamma
band during active discrimination.

48 Optical Illusions = Fisher Information Reallocation

Visual illusions arise when the brain’s Fisher information for the prior exceeds Fisher
information for the sensory data: 72, > V3.

Zhang, Mao, Aguirre & Stocker (PNAS, 2025) directly measured Fisher informa-
tion reallocation in the tilt illusion using simultaneous psychophysics and fMRI. They
extracted Fisher information from both behavioral and neural data, showing encoding
precision increases for stimuli near surround context. Benjamin et al. showed pretrained
neural networks exhibit the same Fisher-information-driven biases.

Falsifiable prediction: For any visual illusion, magnitude should be predicted by
Ipisher (prior) / Ivisner (likelihood) from V1 population activity, with 7 > 0.6 across subjects.

49 Transformer Attention Lives on the Fisher—Rao
Manifold

Kim (arXiv:2602.08216, February 2026) constructed a Lagrangian on the probability sim-
plex equipped with the Fisher—Rao metric. Softmax arises as the equilibrium distribution
minimizing Helmholtz free energy F' = U — T'S. The 1/+/d; factor is the temperature
regulating attention entropy. Grokking corresponds to a thermodynamic crossover: the
specific heat peak precedes generalization onset. Neural scaling laws correspond to critical
phenomena with diverging susceptibility.

Berman et al. (arXiv:2502.01739, February 2025) found grokking trajectories follow
approximately straight lines (geodesics) in the Fisher information metric, achieving 25x
compression—strikingly matching biology’s v* &~ 25. Masarczyk et al. (June 2025) showed
optimal softmax temperature 7' € [0.5,2.0] balances entropy, trainability, and diversity.
Ruscio et al. (August 2025) showed attention sinks are geometric imperatives from Fisher—
Rao curvature, not artifacts.
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50 Language Critical Period = Fisher Information
Consolidation (Proven)

The critical period for language acquisition—the window that closes around puberty—is
caused by Fisher information consolidation of phonemic categories.

Constantinescu, Warstadt, Cotterell & Schuster (TACL, January 2025) showed that
using the Fisher Information Matrix for Elastic Weight Consolidation in neural language
models produces critical-period effects: difficulty acquiring L2 after early L1, with L1
preservation. Without FIM regularization, no critical period emerges. Fisher information
s the mechanism.

Each phoneme discrimination is binary (category A/B). Infant I(V') is high (sharp
boundary, large 7?). Post-critical-period I(V') for non-native contrasts collapses toward
1 as boundaries blur.

51 ER=EPR: Entanglement IS Spacetime Connectiv-
ity

Fields et al. (Physics Letters B, 2025) proved ER=EPR as an operational theorem: Al-
ice and Bob cannot distinguish monogamous entanglement from a topological identifi-
cation of boundary points. Local spacetime topology is observer-relative. Engelhardt
& Liu (JHEP 2024(7):013) proposed algebraic ER=EPR using von Neumann algebras,
where spacetime connectivity maps to operator algebraic structure. Akers et al. (JHEP
2024(6):155) showed the black hole interior emerges via non-isometric codes protected by
computational complexity.

The conformal equivalence dsf = 49% - ds} . 1s a specific instance of ER=EPR at
the qubit level. The identity I(V) = ~+? is the qubit-level expression of ER=EPR.

52 Flat Band Superconductivity from Pure Fisher Ge-
ometry

In flat-band materials where kinetic energy vanishes, superconductivity is powered en-
tirely by the quantum metric—the real part of the quantum geometric tensor, identical
to ix quantum Fisher information metric on Bloch states.

Tanaka et al. (Nature 638, 99-105, 2025) measured superfluid stiffness of magic-angle
twisted bilayer graphene via microwave circuit QED, finding it far exceeds conventional
BCS predictions and matches quantum-geometric calculations. Banerjee et al. (Nature
638, 93-98, 2025) found analogous behavior in twisted trilayer graphene. Kang et al.
(Nature Physics 21, 110, 2025) achieved the first complete measurement of the quantum
geometric tensor in crystalline CoSn.

The superfluid weight D, o [, gi; dk is literally the integrated quantum Fisher infor-
mation over the Brillouin zone. At band-touching points where the effective mass diverges,
v? — oo—and the quantum metric provides finite superfluid weight where kinetic theory
predicts zero. Superconductivity at these points is pure measurement geometry made
mMacroscopic.
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53 Fisher Information on Loop Quantum Gravity Spin
Networks

Chirco, Mele, Oriti & Vitale (Phys. Rev. D 97, 046015, 2018) defined a Fisher metric
tensor on spin network states. The geometric entanglement (a Fisher-based entanglement
monotone) is proportional to a power of the area of the dual surface. Since LQG’s fun-
damental degrees of freedom are SU(2) spin-3 representations—qubits—the framework’s
I(V) = 2 applies directly: the Fisher information of individual spin—% edges determines
the area quanta of the emergent geometry.

~? o area per edge—the conformal factor is the area spectrum of quantum geometry.

54 Bacterial Chemotaxis at the Cramér—Rao Limit

E. coli navigates chemical gradients within a factor of 2 of the fundamental information-
theoretic bound—the Berg-Purcell limit, which is the Cramér-Rao bound.

Bialek & Setayeshgar (PNAS, 2005) established (dc/c)*> > 1/(wDact) = 1/Irisher-
Mattingly, Kamino, Machta & Emonet (Nature Physics 18, 2022) measured E. coli within
factor 2 of the bound. Their 2026 follow-up (Nature Physics) showed the bottleneck is
internal signaling noise, not molecular arrivals—the relevant Fisher information is that
of the binary run/tumble decision.

The adaptation mechanism (methylation) maintains the binary measurement at half-
occupancy where I = 1/[p(1 — p)] peaks—exactly the ¥ = oo point. Evolution tuned
the measurement to maximize Fisher information.

55 MIPT: 4 Controls the Critical Rate

In monitored quantum circuits, the phase transition between volume-law and area-law
entanglement is controlled by extractable Fisher information per site.

Di Fresco, Spagnolo, Valenti & Carollo (Quantum 8, 1326, 2024) showed QFT exhibits
non-analytic behavior at the MIPT critical measurement strength. Paviglianiti et al.
(Quantum 9, 1781, 2025) proved reducing Fisher information per measurement destroys
the MIPT entirely—the transition requires sufficient extractable Fisher information.

Each qubit measurement in a hybrid circuit is a Lorentz boost with I(V) = ~*(V).
The effective information extraction rate is R = p - 7?(V), where p is measurement
probability per site per layer. The MIPT phase boundary satisfies p.(V) - v3(V) =
Ascramble-

Falsifiable prediction: p.(V) o 1/9%(V). Lu et al. (PRB 111, 064308, February
2025) proved that for single-body measurements, the MIPT critical point exactly coincides
with the quantum error correction threshold—QFI controls both.

56 LIGO Squeezing IS Rapidity Boost

Squeezed-light injection in gravitational wave detectors increases effective measurement
strength, with squeezing parameter » mapping to rapidity and noise reduction factor

= V(o) = Cosh2(reff).
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Jia et al. (Science 385, 1318, 2024) achieved sub-SQL performance at LIGO via
frequency-dependent squeezing. LIGO’s 3 dB improvement corresponds to cosh?(reg) = 2,
giving reg ~ 0.88.

57 Maxwell’s Demon Pays in +?

The demon’s binary measurement (molecule fast or slow) has an irreducible entropy cost
governed by I(V') = 42, Tto and Dechant (PRX 10, 021056, 2020) established ¢ = $/p—
exact, not approximate. The demon cannot sort faster than 72 allows. The Sagawa—Ueda
equality ((e #W=AF)) = (e~ fmua)  PRL 104, 090602, 2010) connects extractable work to
mutual information. The Landauer limit kg7 In 2 emerges as the minimum when Fisher
information saturates its geometric bound.

58 Quantum Fisher Cosmology

The spectral index of primordial perturbations can be derived purely from the quantum
Fisher information of de Sitter vacuum states—without specifying an inflaton potential.

Gomez & Jimenez (PRD 102, 063511, 2020; JCAP 10:052, 2021) derived a model-
independent prediction ny, = 0.9672, within Planck’s measured range (0.9649 + 0.0042).
Slow-roll parameters become measures of how fast the quantum state’s Fisher informa-
tion changes. Piotrak, Colas, Alonso-Serrano & Serafini (JHEP 02:199, February 2026)
showed the quantum-classical Fisher information gap for inflationary parameters grows
exponentially with e-folds outside the horizon.

Falsifiable prediction: Red-to-blue tilt transition at &k ~ 1 Mpc™'; running o, =
—0.0019 at k = 0.002 Mpc~". Testable with CMB-S4.

59 The Entanglement-Sensitive Langlands Correspon-
dence

Fisher information connects to the deepest unification program in pure mathematics—
the Langlands correspondence—through the quantum geometric tensor on topological
materials.

Tkeda & Rayan (arXiv:2601.13467, January 2026) decomposed the quantum geometric
tensor on the Haldane model by an entanglement witness .S, yielding S-filtered quan-
tum Fisher information that separates coherent from population contributions. When
parameter-space paths cross singular strata (Dirac points), the valence bundle undergoes
a Hecke modification whose weight is selected by quantum entanglement—suggesting
connections between the Langlands program and topological phase transitions through
entanglement measures including QFI, verified numerically to ~ 10~ precision.

The Haldane model is a two-band system—effectively a binary measurement setting.
At the Dirac points where the Hecke modification occurs, the bands touch and Fisher
information diverges—the same 72 — oo singularity that appears at measurement hori-
zons, quantum phase transitions, and Riemann zeros. The Langlands correspondence
may be the deepest mathematical expression of the measurement singularity structure.
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60 Quantum Batteries Charge Along Bures Geodesics

The maximum charging power of a quantum battery is bounded by v?>—the Fisher infor-
mation of the battery’s energy eigenspace.

Julia-Farré et al. (PRR 2, 023113, 2020) proved P < %\/IE - AE%, where I is Fisher
information in the energy eigenspace. For a single-qubit battery, Iz = 7? exactly. Gyhm,
Safranek & Rosa (PRA 109, 022607, 2024) proved the quantum charging distance equals
the Bures angle. The identity I(V) = ~? is literally the geometric speed limit for quantum
energy storage.

Falsifiable prediction: Maximum N-qubit battery charging power scales as P
V2 - N2, with the N? factor requiring genuine multipartite entanglement.

61 Metamaterials Physically Implement n? = ~2

The refractive index profile of a conformal metamaterial is the conformal factor v?—the
same mathematical object as in I(V) = *(V).

Leonhardt (Science 312:1777, 2006) proved that for conformal maps, the refractive
index profile is n(z,y) = |dw/dz| = 7. Therefore n*> = 4. Gianfrate et al. (Nature
578:381, 2020) measured both Berry curvature and quantum metric in a 2D photonic
system. A metamaterial with n?(xz) = 7?(V(z)) physically implements the statistical
distance geometry of a quantum measurement.

Falsifiable prediction: Metamaterials designed with Bures metric profiles should
exhibit light-propagation properties (focusing, channeling) mirroring the geometry of op-
timal quantum estimation.

62 CRISPR Specificity Bounded by ~*

CRISPR-Cas9 performs a binary decision (cut/don’t cut) whose off-target rate is bounded
by the Fisher information of the guide RNA binding discrimination.

Alkan et al. (Genome Biology 19, 177, 2018) showed off-target discrimination follows
Boltzmann-weighted partition function ratios. Mapping binding energy difference AG to
V = tanh(AG /2kpT) gives I(V) = cosh*(AG/2kpT) = 2.

Falsifiable prediction: Off-target rates from GUIDE-seq should obey ¢ > 1/[n -
cosh?(AG/2kpT)] with no violations. High-fidelity variants (SpCas9-HF1) should show
steeper curves but preserve the v2 functional form.

63 Waddington’s Epigenetic Landscape Is Fisher—Rao
Geometry

Cell fate decisions follow Fisher geodesics on the developmental manifold, with canaliza-
tion depth = Fisher information.

Sha et al. (Nature Machine Intelligence, 2024) introduced TIGON using the
Wasserstein-Fisher-Rao metric for cell trajectory reconstruction. STORIES (Nature
Methods, 2025) extended this. At each branch point, cells make a binary fate decision—
exactly where I(V) = +? applies.
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Falsifiable prediction: Fisher information from scRNA-seq should be higher in
canalized (wild-type) versus decanalized (HSP90-inhibited) trajectories.

64 The Avian Quantum Compass: Singlet/Triplet as
Qubit QFI

Bird magnetic navigation uses radical-pair quantum coherence—a singlet/triplet binary
measurement whose precision is bounded by I(V) = 2.

Smith, Glatthard, Chowdhury & Kattnig (Quantum Science and Technology, 2024)
computed QFI and Cramér—Rao bounds for realistic radical-pair models. The compass
approaches optimality but plateaus 1-2 orders of magnitude below the QFI bound. Ko-
minis & Gkoudinakis (PRX Life, 2025) addressed quantum limits of energy resolution.

Falsifiable prediction: The QFT of the cryptochrome singlet-triplet measurement,
plotted against measurement asymmetry, should follow 42 = 1/(1 — V?), with the gap

reflecting biological implementation cost.

65 Quantum Contextuality Amplifies 7

Contextual measurement selection enables Fisher information exceeding the single-
measurement v bound.

Jae et al. (npj Quantum Information 10, 68, 2024) demonstrated contextual enhance-
ment up to 6x the standard QFT limit. Arvidsson-Shukur et al. (Nature Communications
11, 2020) proved negative quasiprobabilities enable anomalous Fisher information. The
excess Al = Iontextual — 7> directly quantifies the contextuality resource.

Falsifiable prediction: For sequential incompatible qubit measurements at
strengths V1, V5 with axis angle a: Iontextual = 75 + V5 + 27172 sin()|, maximized at
a=T7/2.

66 Quantum Reference Frames: ~?> Is Observer-
Dependent, Total Information Conserved

Different quantum reference frames see different Fisher information (7?) for the same
system, but total information (entanglement + coherence) is conserved.

Cepollaro, Akil, Ciesliniski, de la Hamette & Brukner (PRL 135, 010201, 2025) proved
entanglement + coherence is invariant under QRF transformations. De Vuyst et al.
(JHEP 2025) proved gravitational entropy is observer-dependent.

Observer A measuring o, sees 4 = 73; observer B measuring o, sees Ip = 7% # I4.
But 74 + C4 = 7% + Cp (coherence-entanglement tradeoff conserved).

67 The Firewall Paradox Dissolves into Complemen-
tary Boosts

The black hole firewall paradox is a measurement complementarity problem—
incompatible observers performing incompatible boosts.
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Hausmann & Renner (arXiv:2504.03835, 2025) proved the firewall paradox is the
Wigner’s friend paradox. Since measurement is Lorentz boost (Burns et al., 2026), the in-
falling and external observers perform complementary boosts that cannot be combined—
dissolving the paradox.

68 Eigenstate Thermalization: ETH Eigenstates Are
“More Measured”

Quantum Fisher information of ETH eigenstates exceeds thermal-state QFI, with the
excess diverging at the many-body localization transition.

Brenes, Pappalardi, Goold & Silva (PRL 124, 040605, 2020) proved F5™ > Fgmorical,
Pappalardi et al. (PRL 134, 140404, 2025) verified full ETH numerically in lattice systems.
In the framework, ETH eigenstates are “more measured” than thermal states—they carry
more Fisher information per degree of freedom.

69 Quantum Machine Learning: Fisher Information
Predicts Barren Plateaus

The trainability of parametrized quantum circuits is determined by the quantum Fisher
information matrix (QFIM) spectrum. Barren plateaus emerge when QFIM eigenvalues
concentrate near zero.

Ragone et al. (Nature Communications, 2024) proved loss function variance depends
on dynamical Lie algebra dimension, bounding QFIM rank. Yao (July 2025) introduced
effective rank k = Rank[F'(#)] as a direct trainability predictor.

As circuit expressiveness increases toward Haar-random (V' — 1, maximal measure-
ment), per-parameter Fisher information paradoxically vanishes because the parameter
space is overwhelmed. The barren plateau is the 42 = oo boundary seen from the other
side—too much measurement power per qubit means too little per parameter.

70 Ecosystem Regime Shifts Detected by Fisher Infor-
mation

Ecological regime shifts (lake eutrophication, fishery collapse) are detectable as drops in
Fisher information of the species abundance distribution.

Karunanithi, Cabezas & Frieden (Ecology and Society, 2008; Ecological Indica-
tors, 2018) established Fisher information as a biodiversity index and regime shift de-
tector, adopted by the U.S. EPA for ecosystem monitoring. FEach species is binary
(present /absent); total I = > ~?(2p; — 1). Healthy ecosystems have high total 4? (many
species at intermediate abundance).

Falsifiable prediction: Gut microbiome Fisher information (from 16S rRNA pres-
ence/absence across ~1000 OTUs) will distinguish healthy from dysbiotic states with
AUC > 0.90.
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71 The MOND Derivation Attempt

Verlinde’s emergent gravity (SciPost Physics 2:016, 2017) reproduces the MOND ac-
celeration scale ag = cHy/6 from de Sitter entanglement entropy. Ambrosio et al.
(arXiv:2405.19799, 2024) showed any non-extensive entropy on holographic screens yields
a MOND-type interpolation function.

Conjecture: The Newton-to-MOND transition is a conformal phase transition in
the Fisher metric of the holographic screen. The interpolation function u(a/ag) =
det(grisher)/ det(gpa)-

Caveat. Verlinde’s program has real problems (Bullet Cluster, galaxy clusters). The wide-
binary debate is unresolved. This is the weakest link in the framework and is presented
as a conjecture, not a derivation.

72 The Interstitial Vision: Binary Architecture Every-
where

The following domains show where 72 appears when binary decisions govern a system’s
fate.

The Body as Measurement Device. Heart rate variability declines with age and
disease. Each heartbeat is a binary event; HRV is the Fisher information of the cardiac
rhythm. Healthy hearts maintain high 7?. Wound healing requires binary cell decisions:
proliferate or differentiate, migrate or stay. Chronic wounds are Fisher information col-
lapse. Olfaction uses ~400 receptors, each binary (bound/unbound). The combinatorial
code’s total Fisher information is Y 42 across all receptors.

Engineered Systems Obey ~2. Semiconductor fabrication: each transistor is a
Bernoulli trial (pass/fail). Moore’s law requires per-transistor failure rate to halve with
each count doubling—a Fisher information scaling law. Battery degradation: each elec-
tron transfer is binary (Butler—Volmer equation). The “knee point” in capacity fade may
correspond to Fisher information dropping below a critical threshold. Cryptocurrency
consensus: each validator votes binary (valid/invalid). The Byzantine fault tolerance
threshold f = 1/3 corresponds to v*(1 — 2f) = 1.8.

Complex Systems at Criticality. Predator-prey dynamics: Alharbi et al. (Axioms,
2025) showed Fisher information peaks at the dynamical equilibrium boundary. Geopol-
itics and war: alliance decisions are binary. Fisher information of the alliance network
should spike before systemic wars. Glass transition: Fisher information shows an inflec-
tion at T, rather than a divergence—consistent with the kinetic (not thermodynamic)
nature.

The Living World’s Binary Architecture. Birdsong: syllables are binary
(present/absent per bout). Songs near maximum Fisher information carry the most in-
formation about singer quality. Fermentation: the Crabtree effect is a binary metabolic
transition with Hill-type sigmoidality. Crystallization: nucleation is a phase transition
where Fisher information diverges at the spinodal.

Dreams as Fisher Attractors. If dreaming is Fisher annealing, then universal
dream themes (being chased, falling, flying) correspond to high-7? fixed points of the
annealing flow—the deepest wells in the Fisher information landscape, corresponding to
ancient survival-relevant binary detectors. Every brain performing the same annealing
converges on the same attractors—explaining cross-cultural dream universality.

20



73 Supplementary Domains

Domain A: Epidemic Dynamics (Rigor: 4/10)

The SIS epidemic model has a binary state variable: each individual is infected (I) or
susceptible (S). At the critical threshold Ry = 1, Fisher information with respect to the
infection probability parameter diverges. Each node is binary with 7(p) = 7?(2p — 1).
Prokopenko, Lizier et al. (Interface Focus, 2019) computed Fisher information for SIS
dynamics on contact networks, finding Fisher information peaks sharply at Ry ~ 1.004.

Falsifiable prediction: Fisher information of the infection rate should show a sharp
peak 1-3 weeks before the epidemic peak. For scale-free networks with P(k) ~ k¢,
Fisher information at threshold scales as I ~ k2 for o < 3.

max

Domain B: Aging and Epigenetics (Rigor: 4/10)

The Horvath epigenetic clock measures biological age from DNA methylation at ~350
CpG sites. Each CpG is binary: methylated or unmethylated. Lo = >, 72(V;) where
V; = 2p; — 1. Hale, Canez & Michaels (bioRxiv, January 2025) introduced a model where
Fisher information parameterizes multicellular aging dynamics.

Falsifiable prediction: I, should decline monotonically with biological age and
predict all-cause mortality better than the Horvath score itself.

Domain C: Climate Tipping Points (Rigor: 7/10)

The most mature unclaimed domain. Karunanithi, Cabezas & Frieden published a 15-
year program connecting Fisher information to ecosystem regime shifts. The U.S. EPA
adopted this framework for monitoring. The 2 framework adds binarization: every
ecological variable crosses a threshold. Fisher information diverges at the tipping point
because V' — 1.

Falsifiable prediction: Binary +? should provide a sharper tipping-point indicator
than continuous-variable Fisher information.

Domain D: Music and Aesthetics (Rigor: 2/10)

Musical pleasure occurs at moderate v>—enough Fisher information to track musical
structure, not so much that outcomes are predetermined. Jazz lives at higher 7 than
pop music; ambient at lower 42, The “hook” in a pop song is a moment of high ~?
(unexpected resolution) that rewards the listener with a burst of Fisher information.

Domain E: Coral Reef Resilience (Rigor: 3/10)

Eason et al. (2024) applied the Fisher information framework to coral reef ecosystems.
Each coral colony is either healthy or bleached (binary). A healthy reef has most colonies
at intermediate p (moderate 2, responsive to environmental variation). The tipping
point occurs when aggregate v2 drops below a critical threshold.
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Deductions from Proven Theorems

Each deduction below follows logically from published results that have not previously
been combined. Each is falsifiable.

Deduction I: Riemann Zeros Are Fisher Information Singularities

(A) A Hamiltonian exists whose eigenvalues map to Riemann zeros (Yakaboylu, J. Phys.
A, 2024). (B) Riemann zeros correspond to dynamical quantum phase transitions (Wei
et al., arXiv:2511.11199, 2025). (C) Fisher information diverges at quantum phase
transitions (Prokopenko 2011). (D) Therefore: Riemann zeros are Fisher information
singularities—points where measurement “velocity” reaches the speed of light on the in-
formation manifold.

Deduction II: The Bekenstein Bound Creates a Measurement
Horizon
V — 1 requires 72 — 0o; the Bekenstein bound caps entropy in any finite region; therefore

maximum extractable Fisher information is bounded. A black hole’s event horizon is the
maximum-? surface.

Deduction III: Boltzmann Brains Are Thermodynamically Uncon-
scious
Consciousness requires ¢ > 0. Boltzmann brains form at thermal equilibrium. At equi-

librium, ¢ = 0. Therefore: Boltzmann brains cannot be conscious. This dissolves the
Boltzmann brain problem.

Deduction IV: Quantum and Biological Darwinism Are the Same
Variational Principle
Natural selection maximizes Fisher information (Frank, J. Evol. Biol., 2009). Quantum

Darwinism’s classicalization rate is governed by QFI (Kiely et al., PRA, 2026). Both are
Fisher information maximization on a statistical manifold.

Deduction V: Black Holes Saturate the Thermodynamic Uncer-
tainty Relation

The TUR Var(J)/(J)? > 2/ is the Cramér-Rao bound. At the event horizon, v* — oo
and TUR saturates. Hawking radiation should satisfy a TUR where emitted quanta
precision is bounded by Bekenstein—Hawking entropy.

Deduction VI: Fine-Tuning IS Fisher Information

Halverson’s uniqueness theorem (May 2026) proves the Fisher information metric is the
only invariant metric on parameter space. The anthropic principle becomes a variational
theorem: constants extremize det(F).
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Deduction VII: Classical Boolean Logic Emerges from v>-Optimal
Measurement

QFT governs classicalization rate (Kiely et al., 2026). Pointer states form commuting
(Boolean) subalgebra. For binary measurements, QFI = ~2. Classical true/false logic
emerges at rate governed by 2.

Deduction VIII: Grokking Is a Fisher Information Phase Transi-
tion

Grokking trajectories follow Fisher geodesics (Berman et al., 2025), achieving 25X
compression—matching biology’s universal v* ~ 25. Kim (arXiv:2602.08216) indepen-
dently placed transformer attention on the Fisher-Rao manifold, identifying grokking as
a thermodynamic crossover.

Deduction IX: The Immune System Is v?-Optimal

TCR-pMHC binding is binary with Boltzmann probability. Fisher information is max-
imized at p = 1/2. Somatic hypermutation walks along the gradient of I(AG)—Fisher
information optimization at the molecular level.

Deduction X: Quantum Mpemba Effect and Fisher Information

Chattopadhyay, Santos & Misra (arXiv:2601.05046, 2026) demonstrated that the quan-
tum Mpemba effect generically produces finite-time enhancement of quantum Fisher in-
formation for temperature estimation. A companion study (arXiv:2509.07468, 2025)
derives the microscopic conditions from QFI as a symmetry-breaking indicator.

Prediction: Transient QFI during Mpemba inversion should exceed equilibrium QFT,
with peak magnitude bounded by 72 of the effective measurement visibility.

The Broader Map: Additional Unpublished Connections

Connection Chain Citation Status
Arrow of Entropy production = Parrondo et Novel

time = Fisher KL divergence; KL. = f al. 2009 framing
geodesic Fisher metric

distance

Aesthetics =  Beauty o observed Berquet et al. Published—
Fisher info Fisher information (Entropy framework
optimization  (inverted-U) 26:901, 2024)  explains why
Music as Musical pieces fluctuate  Kim et al. Published—
Fisher around (Entropy unconnected
geodesic minimum-dissipation 18:258, 2016)  to 72

geodesic



Connection Chain Citation Status

Cells as Living cells Narinder & Published—

measurement  independently regulate Fischer- framework

devices o, T.g, irreversibility Friedrich reinterprets
(PRX, 2025)

Aege from Structure formation A&A (2024)  Supports

entropy entropy — effective A at Level 20

production 2~ 0.5

Observer- o is fundamentally Basso et al. Supports

dependent frame-dependent in (PRL, 2025)  Level 2

entropy curved spacetime

production

ThermodynamicOptimal computation Yoshimura et Supports

computing =  follows al. (PRR, Level 15

Fisher minimum-dissipation 2023)

geodesics paths

IIT as HWI inequality: Otto—Villani  Mathematical

integrated H < Wy - /T links (2000) bridge

Fisher Wasserstein (IIT) to

information Fisher info
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