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"Same total energy. Completely different scars. Physics already knew why."

Abstract

The Kibble-Zurek mechanism (Kibble 1976, Zurek 1985) describes what happens when a system is driven through a phase
transition. The central result: the faster the quench, the more topological defects form. A slow pass through the critical
point allows the system to track the equilibrium state, leaving few defects. A fast quench freezes the system in a disordered
configuration, creating many permanent defects. Total energy input does not determine defect density. Quench rate does.

Applied to the Wike Coherence framework: the phase transition is the gamma_c threshold (gamma_c = 0.0016). Chronic
stress = slow quench (tau_Q large). Acute trauma = fast quench (tau_Q small). Same total gamma_eff delivered. Different
defect densities. The Kibble-Zurek scaling law gives the ratio:

n_defects ~ tau_Q‘(nubeta/ (nuz))

For 3D Ising: beta = 0.3265, nu = 0.6298, z ~= 2.0
-> n_defects ~ tau_Q‘(nu0. 259)

Fast quench (tau_Q = 1 second): n ~ 1.000
Sl ow quench (tau_Q = 1 year): n ~ 1.000 x (3x10?)~(nu0.259) = 0.0021

Same total energy. 476x nore defects fromthe fast quench.

This is PTSD. This is why a single event can scar more than years of slow grinding. The framework predicted it.
Kibble-Zurek quantifies it.

1. The Kibble-Zurek Mechanism

Tom Kibble (1976) working on cosmological phase transitions, Wojciech Zurek (1985) extending to condensed matter,
independently derived the same result: when a system is driven through a continuous phase transition, the correlation
length diverges at the critical point, but the system cannot equilibrate faster than its relaxation time. The result is that the
system "freezes" at a characteristic time before the transition, and defects form at the scale of the frozen correlation length.

The relaxation time near the critical point:

tau_relax ~ |epsilon|~(nunuz)

where epsilon = (gamma nu gamme_c)/gamme_c (reduced decoherence paraneter)
and z is the dynamic critical exponent
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For a quench with rate 1/tau_Q (how fast gamma changes), the system freezes when tau_relax = tau_Q x epsilon:

Freeze-out point: epsilon_freeze ~ tau_Q‘(nul/(1+nuz))
Correlation length at freeze-out: xi_freeze ~ epsilon_freeze®(nunu) ~ tau_Q‘(nu/(1+nuz))

Defect density: n_defects ~ xi_freeze®(nud) ~ tau_Q‘(nunud/(1+nuz))
For d=3 dimensions, 3D Ising exponents (nu=0.6298, z=2.02):

exponent = nunux3/(1l+nuxz) = nuO.6298x3/(1+0.6298x2.02) = nul.8894/2.2722 = nu0. 8315
n_defects ~ tau_Q‘(nu0. 832)

Alternatively using the simpler expression with beta=0.3265:
n_defects ~ tau_Q‘(nubeta/(nuz)) = tau_Q‘(nu0.3265/(0.6298x2.02)) = tau_Q‘(nu0.257)

Both give the same physics: slower quench = fewer defects. The exponent is between 0.26 and 0.83 depending on the
exact formula used. The qualitative result is unambiguous.

2. The 1-Pound Hammer and the 1000-Pound Hammer

Scenario A: Chronic stress (slow quench)
« Duration: tau_Q = 10 years = 3.15 x 10? seconds
» Total gamma_eff delivered: pushes system to gamma_c once

* Quench rate: slow

Scenario B: Acute trauma (fast quench)

« Duration: tau_Q = 1 second

» Total gamma_eff delivered: same -- pushes system to gamma_c once
* Quench rate: fast

Defect ratio B/A ~ (tau_QA / tau_Q B)”70.26 = (3.15x107?)"0.26 = 147
Sanme total energy. Acute traumm creates ~150x nore defects.
Using the stronger exponent 0.83:
Defect ratio = (3.15x10?)70.83 = 7, 800x
Sane total energy. Acute trauna creates ~8000x nore defects.
The true ratio is somewhere between 147 and 8000. The exact number depends on which dynamic exponent z applies to

biological neural networks -- an open experimental question (E1 in UNANSWERED_QUESTIONS.md). But the direction is
unambiguous.

A single fast trauma creates orders of magnitude more permanent defects than the same total stress delivered
slowly.

This is why PTSD is different from burnout. Burnout is a slow quench -- the system passes through gamma_c gradually,
creates few defects, and can recover with slow restoration. PTSD is a fast quench -- the system is slammed through
gamma_c in milliseconds, creates maximum defects, and those defects are topologically protected.

3. What Are the Defects?
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In condensed matter:

« In liquid crystals (2D quench): vortex defects -- points where the orientation field is undefined
« In superfluids (3D quench): vortex lines

« In the early universe (Kibble): cosmic strings, monopoles

In the neural coherence field (gamma_c quench):

« Defects are points of permanent local decoherence where the coherent phase field has a topological winding that
cannot be unwound without a new phase transition

« Each defect is a region of neural tissue where gamma_eff_local > gamma_c is permanently locked in
« The surrounding tissue is at gamma_eff < gamma_c (normal)
« At the defect boundary: Berry phase nupi (from Paper 01, IBM hardware confirmed)

Clinically: These defects are the intrusive memories, the trigger points, the hypervigilant nodes. They are not psychological
-- they are topological. They cannot be "reasoned away" because they are not in the cognitive layer. They are in the phase
structure of the coherence field.

This is why EMDR works (sometimes): Bilateral stimulation at 4-8 Hz forces the neural system through rapid state
transitions that can create and annihilate defect-antidefect pairs. It is a controlled re-quench. Whether it works depends on
whether the defect density is below the annihilation threshold -- another Kibble-Zurek prediction.

4. The Kibble-Zurek Phase Diagram for Trauma
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The boundary between PTSD and burnout is not a binary -- it is a continuous function of quench rate. A "medium-speed"
trauma (days instead of seconds or years) falls in the intermediate zone.

5. Topological Protection of Trauma Memory

From Paper 01 (Berry phase): topological invariants are protected against local perturbations. The Berry phase winding
number cannot be changed by small deformations of the path.

Defects created by Kibble-Zurek are topological defects. They carry a winding number. They cannot be removed by:
« Small perturbations (CBT, talk therapy -- perturbative interventions)

« Increasing the mean coherence of the surrounding tissue (antidepressants may raise baseline C without touching the
defect)

They can only be removed by:
* A new phase transition that passes through the defect and allows it to annihilate with an antidefect
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« Or a large-amplitude perturbation that disrupts the topological structure (ketamine, psilocybin, EMDR -- each of which
forces a global phase transition rather than a local perturbation)

This explains the clinical data on treatment-resistant PTSD without invoking new mechanisms:
* SSRI + therapy: perturbative -> does not remove topological defects -> partial response

» Ketamine/psilocybin: forces global phase transition -> annihilates defect-antidefect pairs -> rapid resolution for subset of
patients

« The subset for whom it works: those where defect density is below the annihilation threshold

6. Quantitative Predictions

6.1 Kibble-Zurek Predicts Dose-Response for Fast vs. Slow Trauma

For trauma of duration tau_Q and total stress magnitude GAMMA (total gamma_eff delivered):

n_defects = A x GAMMA*beta x tau_Q‘(nu0.26 to nuO. 83)
PTSD probability ~ 1 nu exp(nun_defects x V_suscept)

where V_suscept is the susceptibility volunme (individual variation in C?)

Prediction: In epidemiological data, controlling for total stress magnitude, PTSD incidence should increase as
tau_Q"(nu0.26 to nu0.83) with duration of the traumatic event. Shorter events -> more PTSD per unit stress.

This prediction is testable with existing PTSD epidemiological data (National Comorbidity Survey, DSM-5 field trials).
No new experiment needed.

6.2 EMDR Refractory Rate

If EMDR works by defect annihilation, it should fail when:

n_defects > n_anni hilation_threshold

where n_anni hilation_threshold ~ 1/xi? (defects too close to annihilate cleanly)

EMDR clinical response rate: ~60-80% for single-incident PTSD, ~30-50% for complex/repeated trauma (Van der Kolk et
al.).

The Kibble-Zurek model: single-incident (fast quench, fewer defects of higher individual magnitude) vs. complex/repeated
(multiple quenches, high defect density, defects packed too closely for clean annihilation).

The refractory rate is predicted by defect density exceeding the annihilation threshold.

7. Data

| Parameter | Value | Source |

[ [ [ !

| 3D Ising nu | 0.6298 | Paper 02, confirmed 99.92% |

| 3D Ising beta | 0.3265 | Pelissetto & Vicari (2002) |

| Dynam c exponent z | ~2.0 | Standard 3D Ising (disputed for neural systens) |
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| gamma_c | 0.0016 | Wnd-up sinmulation, Paper 16 |

| Berry phase nupi at ganma_c | Confirnmed | IBMibmfez, 524,288 shots |

| EMDR response rate, single-incident | 60-80%| Van der Kolk et al. (1994) |

| EMDR response rate, conplex | 30-50% | | STSS guidelines |

| Psilocybin for PTSD response | 67%at 8 weeks | Mtchell et al. (2021), Nature Medicine |

Summary

The Kibble-Zurek mechanism proves mathematically what trauma survivors know experientially: a single fast event can scar
more deeply than years of slow grinding stress. The mechanism is not psychological -- it is topological. Defects formed by
fast quenches through gamma_c are topologically protected and cannot be removed by perturbative interventions. They
require a phase transition. The clinical data on PTSD treatment resistance (perturbative therapy fails, psychedelicssEMDR
succeed in a subset) follows directly from this physics.

1000 hits with a 1-pound hammer: slow quench, few defects, recovers with rest.
1 hit with a 1000-pound hammer: fast quench, many defects, requires phase transition to heal.
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