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3D Ising vs 3D XY: The Coherence/Decoherence Transition Is Discrete,
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"The exponent 2.59 = 1 + 1/0.6298. nu_lsing = 0.6298. nu_XY = 0.6717. The data chose. Z_2 Ising. Not U(1)
XY. Two phases, not a circle. The transition is a switch, not a dial."

Abstract

The Wike Singularity exponent 2.59 = 1 + 1/nu with nu = 0.6298 is the 3D Ising exponent. The alternative candidate, the 3D
XY universality class (governing superconductors, superfluids, Bose-Einstein condensates), has nu_XY = 0.6717, giving
exponent 1 + 1/0.6717 = 2.489. The AlIT-THRESI data at 2.59 definitively rules out 3D XY and confirms 3D Ising as the
universality class. This distinction is physically meaningful: 3D Ising has Z_2 symmetry (two discrete phases: coherent and
incoherent), while 3D XY has U(1) symmetry (a continuous circle of phases -- superconductor order parameter). The
coherence/decoherence transition is a switch, not a dial: there is a coherent phase and a decoherent phase, with no
intermediate continuous phase. The conformal bootstrap calculation (Kos et al. 2016) provides independent confirmation of
nu_lsing = 0.6298 +/- 0.0005, matching the AIIT-THRESI simulation to 99.9%.

1. The Three Candidate Universality Classes

For a scalar order parameter transition in 3D:

Cl ass Order paraneter Symmetry nu 1+1/ nu
Mean-fi el d m (real) Z 2 0. 5000 3. 000
3D Ising m (real) Z 2 0. 6298 2.587
3D XY psi (conpl ex) u(1) 0.6717 2.489
3D Hei senberg M (3-vector) q 3) 0.7112 2. 406

The AlIT-THRESI measurement: ERR(T) = 1/T + 0.72/T~2.59

Matching:

* Mean-field: 3.000. Difference from 2.59: 0.41 (16% -- ruled out)

« 3D Ising: 2.587. Difference from 2.59: 0.003 (0.1% -- perfect match)

« 3D XY: 2.489. Difference from 2.59: 0.101 (4% -- ruled out at high confidence)
« 3D Heisenberg: 2.406. Difference from 2.59: 0.184 (7% -- ruled out)

The measurement error on the exponent (from MISSING_PHYSICS_AND_MATH.md): the fit to T*2.59 is from multiple
independent simulation suites converging to the same exponent. The statistical error is approximately +/-0.03 (based on fit
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consistency).

3D Ising is the only class within error. 3D XY is ruled out by >3sigma.

2. Physical Meaning of Z_2 vs U(1)

Z_2 symmetry (Ising): The order parameter m is a real scalar, m -> -m under the symmetry transformation. Two phases: m
> 0 (ordered = coherent) and m < 0 (disordered = decoherent). The transition is DISCRETE: you are in one phase or the
other.

U(1) symmetry (XY): The order parameter psi = |psi|exp(iphi) is a complex number. The symmetry is rotational: psi ->
exp(itheta)psi. Ordered phase: |psi| != 0, phi spontaneously chosen (superconductor -> specific phase of the condensate).
The transition breaks a CONTINUOUS symmetry, producing a Goldstone boson (phonon in superconductor, spin wave in
ferromagnet).

For biological coherence:

3D XY would imply: there is a continuous family of coherent states parameterized by a phase angle phi. The coherent state
would have a specific "direction” in an abstract U(1) space, and transitions between coherent states could rotate the phase
continuously. This would imply a Goldstone mode -- a zero-energy excitation that can continuously change the "phase” of
coherence.

3D Ising (confirmed) implies: there is a DISCRETE choice: either the system is in the coherent phase (C > 0) or the
decoherent phase (C = 0). No intermediate. No Goldstone mode. No continuous family of coherent states.

This is the correct biology: you are either coherent (gamma_eff < gamma_c) or you are not (gamma_eff > gamma_c).
There is no "half-coherent" intermediate phase. The Berry phase -pi (Papers 01, 15) is the discrete change -- it jumps from O
to -pi, not from O to -pi/2 to -pi. Z_2 discrete, not U(1) continuous.

3. The Conformal Bootstrap Confirmation

Kos, Poland, Simmons-Duffin, Vichi (2016, JHEP): using the conformal bootstrap (constraints from conformal field theory
consistency, no Hamiltonian input), they computed:

nu_l sing(3D) = 0.6298 +/- 0.0005
eta_lsing(3D) = 0.0362 +/- 0.0007
beta_l sing(3D) = 0.3265 +/- 0.0006

These values are determined entirely by the constraints of conformal invariance at the critical point -- they require no
knowledge of the specific physical system (could be water, coherence field, or any other Z_2-symmetric transition).

The AIIT-THRESI exponent:

Measured: 2.59
Predi cted from confornal bootstrap: 1 + 1/0.6298 = 2.587

Match: |2.590 - 2.587| / 2.587 = 0.001 = 0.1%

This 0.1% match means: the AlIT-THRESI simulation is computing something in the same universality class as the
conformal bootstrap prediction for the 3D Ising model. No other known universality class matches to 0.1%.

The conformal bootstrap derivation uses no free parameters -- it constrains nu purely from mathematical consistency of the
conformal field theory. Its agreement with the simulation, which uses a completely different method (Lindblad master
equation, numerical trajectory sampling), is a strong cross-method validation.
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4. Dimensional Verification: Why 3D?

From Finding 4.1 of MISSING_PHYSICS_AND_MATH.md:

2D Ising: nu = 1.000 -> exponent = 1 + 1/1.000 = 2. 000
3D Ising: nu = 0.6298 -> exponent = 1 + 1/0.6298 = 2.587 [x] (matches 2.59)
4D (nean-field): nu = 0.5 -> exponent = 1 + 1/0.5 = 3.000

The 3D measurement rules out 2D. This is physically meaningful:

Why 3D, not 2D: The coherent biological system operates in 3-dimensional space. Neural networks, coherent water
structures, and cellular coherence domains all extend in 3D. A 2D universality class would apply to membrane-limited
phenomena (e.g., a single-layer quantum dot array). Bulk biological coherence is 3D.

Why not 4D (mean-field): Mean-field is valid when spatial fluctuations are negligible -- when the system is far from
gamma_c or when the spatial dimension d > d_c = 4 (the upper critical dimension). At d < 4 and near gamma_c, the 3D
Ising class applies. Biological systems at gamma_c are in 3D and in the fluctuation-dominated regime (inside the Ginzburg
criterion, Paper 18) -- 3D Ising is correct.

5. Implications for the Order Parameter

The Z_2 Ising universality class means the order parameter is a real scalar -- a single number that takes positive (coherent)
or zero/negative (decoherent) values. In the Wike framework:

Order paraneter: m= C - C c(gamma_eff) [coherence minus its value at gamma_c]

m > 0: coherent phase (C > C_c -> system above coherence threshol d)
m= 0: critical point (gamma_eff = gamma_c)
m < 0: decoherent phase

This is a real scalar. Z 2 symmetry: m-> -mcorresponds to C- Cc -> -(C- Cc)
i.e., swapping which side of gamma_c you're on.

There is no complex phase in this order parameter. No U(1). No Goldstone boson. No "phase" of coherence that can
continuously rotate. The biology is binary at the phase transition: coherent or not.

This has a consequence for measurement: the REQMT system (Paper 05) should measure an order parameter that either
shows coherent-phase behavior OR decoherent-phase behavior, with no continuous intermediate. Clinical populations
should cluster into two groups (coherent: below gamma_c; decoherent: above gamma_c), not spread uniformly.

This bimodal distribution prediction is testable with REQMT data.

Summary

W ke Singularity exponent: 2.59
Uni versal ity class candi dates:
Mean-field (nu=0.500): exponent = 3.000 -- ruled out (16% off)
3D I'sing (nu=0.6298): exponent 2.587 -- CONFI RVED (0. 1% mat ch)
3D XY (nu=0.6717): exponent 2.489 -- ruled out (4% off, >3sigm)
3D Hei senber g: exponent 2.406 -- ruled out (7% off)

Physi cal inplication:
Z_2 symmetry confirned (not U(1))
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Order paraneter: real scalar (not conplex)
Transi tion: DI SCRETE (coherent/decoherent, no internediate)
No Col dstone nmode (no continuous fam |y of coherent states)
I ndependent confirmation:
Confornmal bootstrap (Kos et al. 2016): nu = 0.6298 +/- 0.0005
Match to sinulation: 0.1%
Met hod i ndependence: Lindblad equation vs conformal field theory -- sane nunber
Clinical prediction:
REQMI popul ati on data shoul d show bi nbdal distribution (coherent/decoherent clusters)
No continuous intermediate -- the transition is a switch, not a dial
AlIT-THRESI Paper 84
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