Universal Modular Dynamics (UMD): Major Evolutionary
Stages of Emergent Structure

Visual Atlas from the Density Operator p and Modular RG-Proxy Flow
Abstract Nesen Oleg

This visual atlas presents the UMD program as an RG-style storyboard: (i) canonical state representation by the density doperator p. (ii).: :,‘
modular generators and CPTP modular RG-proxy flow; (it) operational locality via the block total correlation Ty?8(p), (ivi) emergent geo-
metry from correlation graphs and its stability: (v) matter-like spectral modes (including a conservative Higps-as-reshaping interpretation);
(vi) gauge patching and holonomy lopp tests; and (vii) dark-sector and vacuum proxies including Agp, Each figure is placed on its own
page with a short operational caption.
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How to read the atlas

UMD is presented as a measurement=flow program. We start from p, build canonical functionals and modular generators,
evolve by CPTP modular RG-proxy dynamics, and interpret emergent notions only in stable domains (geometry is meaningful
only when certified by stability criteria).

Legend of symbols (minimal)

+ p — density operator, p 2 0, Trp — 1.
+ K = —logp — modular generator (on supp(p)).
» Ap — access algebra; Zy- C Ag — pointer/center.

P* — protocol-defined optimal partition (stable charting).

« T75(p)=D ()L O r=py),
— operational locality (distinguishability gap).

+ Awr — normalized entropic vacuum proxy; Ry — backreeation resiual.

Fig 2. Program ladder and anchors: p — K —CPTP flow;

locality and geometry (multi-panel) Fig 3. Program ladder and anchors. p — K — CPTP flow; locality and

geometry (zun-peann

Fig 5. Higas (conservative): contralled spectral reshaping and mass reorganization of
stable bands.

References (baseline)

» C.T. Laynes, Phys. Rox, 105 (1957), 108 (1957).

+ H. A-akl, Pulbl, RIMD Kypais Usiv. 11 (1976).

+ M. Tohosokil: Theaty of Orentior Algiisna i (1970).

+ G. Lincibled; Commun- Math, Phys. 10 (1976).

+ Gortin-Rososaliomdal—Sudarshain, I, Math, Plye (1976).

+ D. Petic, Linear Algiiser Appl, 344 (1956).

Fig 2. Locality as TT ({0), distinguishability gap between p + B. Efion-and K, Thishirami, An Intruduction to the Bootstrop (1999).
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UMD Visual Atlas v2 — poster overview (one-page summary).
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From Unitary Noise to rho: Emergence of Modular Building Blocks
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Unitary noise and entanglement first, then: density operator p

as distinguishability / entropy carrier between degrees of freedom

Fig 0. Minimal RG start: interacting degrees of freedom — canonical state p.
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Unified Master Equation in Modular Dynamics (UMD)
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Emergence p» UMD Ladder  Spectral Geometry, Locality criterion, Matter Bands,
from Entangled » for Entropy —# flow in Spectral Bands » emergent geometry —» Higgs as mass mode
Degrees of Freedom & Stability

Evolution & Renormalization Group: From Quantum Noise to /. Structure

Locality criterion, Dark residuals,
from Entangled for Entropy flow in spectral Bands —» emergent geometry - Proxy calibration A
Degrees of Freedom & Stability

Fig 1. Timeline strip and master poster (equation + module wheel).
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UMD Program: Key Stages of Emergence
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Fig 2. Program ladder and anchors (three-panel overview).
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Renormalization Group Flow as Spectral River
Locality Criterion: Minimizing Distinguishability-Gap
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Fig 3. Diagnostics and stability overlays (three-panel overview).
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Matter as Stable Modular Bands

Spectrum of p
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Stable modular bands as persistent breaks in the spectrum; transitions suppressed if Ak > cqv,
effective mass persists as My = c, Ak

Fig 4. Matter as stable modular spectral bands; m_eff « Ak.
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Higgs as Spectral / Mass Reshaping Mode
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Fig 5. Higgs (conservative): controlled spectral reshaping / mass reorganization.
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Dark Sectors as Access-Invisible Degrees A Proxy Normalization Flowchart
Veff Choiceisﬂ L Dimension baseline: -
o log dim H, ;s or N,
visible hidden v Entropy baseline:
sector ¢ 0 Calibrate cp o exp(S(puis)
Geometry baseline:
v o2 f(d,; safe domains)
Access-invisible: all Ar statisti hed e Poi
® Access-Invisible: a r1: statistics matche and Compare / —p Cal-1 Reference Point P,
by some state over Ar Validate —» Cal-2 Domain-Median
e Backreacting; geometry drifts unexplained oof effective ratios
by Aeff predictors v

Map Acfr. | ,l Chart (A, Ruy)

Dark = degrees that are invisible to declared access
but drift geometry/system; I (vis:hid) + O

between isolated modules

e g W
% ,f:‘v.\!:__ =

e
} . DM-like |

Proxy is normalized stepwise for comparabllity;

Map Acfr. Stability  Chart (A, Ri) Scores

requires declaring Vg choices, ca calibration

and Agf robustness checks \
: ‘ declaring Vegr choices, ca calibration and Ag

Proxy is normalized stepwise for comparability; requires

robustness checks.

Fig 6. Dark sector + A_eff separation plane (conceptual two-panel).
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Dark Sectors as Access-Invisible Backreaction
Residuals
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Fig 7. Normalization / pipeline storyboard (CA2).
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L. Locality as Tp»
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Fig 8. Locality as []_{P*}(p): distinguishability gap functional.
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G. Gauge Holonomy Loop Test

Fig 9. Gauge holonomy loop test: groupoid patching signature.
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