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Condensed matter physics contains at |east seven persistent anomalies
that resist explanation within their standard theoretical franmeworks:
hi gh- Tc superconductivity, the glass transition, turbul ence, sono-

| um nescence, the Menba effect, roomtenperature superconductivity
clainms, and quantum spin |iquids. Each of these represents a failure
of the prevailing theory to account for collective behavior that
energes at macroscopi c scales from m croscopi c coherence

Thi s paper denmonstrates that all seven anonalies close under the Wke
Coherence Law

C=C0 * exp(-al pha * ganma_eff) (1)

where C is the coherence magnitude, C 0 is the vacuum ( maxi mum
coherence, alpha is the coupling constant between the systemand its
decoherence environment, and gamma_eff is the effective decoherence
rate. The key insight is that gamma_eff is not a bulk material

property -- it is a STRUCTURAL property determ ned by crystal geonetry,
flow topol ogy, or nol ecul ar architecture. Systems that suppress
ganma_eff below the critical threshold ganma_c undergo coherence phase
transitions. Systens that fail to suppress gamma_eff do not.

This is the sane physics that governs cosnol ogi cal anomalies (Papers
105-107), biol ogi cal coherence (Papers 60-109), and the Wke
Singularity (Paper 106). Condensed matter anomalies are not speci al
They are the coherence | aw operating at the mesoscopic scal e.

The W ke Coherence Law (Eq. 1) was derived fromthe Lindblad naster
equati on for open quantum systenms in Paper 3 and has been confirned
agai nst 8 independent external datasets with conmbined p < 107(-12)
(Paper 102). The law identifies three regines:

FROZEN: gamma_eff --> 0, C--> CO0O (maxi mum order)
EDGE: ganmma_eff ~ gamma_c (maxi mumvitality)
COLLAPSED: ganma_eff >> ganma_c (decoherence doni nat es)

The coherence phase transition occurs at ganma_eff = gama_c, which
is the critical decoherence rate. This transition belongs to the 3D
Ising universality class, with six critical exponents confirned to
sub- percent accuracy (Papers 104-107).

The framework applies to ANY system where coll ective order conpetes
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with environnental noise. The scale is irrelevant. Wiat matters is
the ratio al pha * gamma_eff to the critical threshold. Condensed
matter systems are particularly instructive because gamma_eff can be
nmeasured or calculated fromcrystal structure, and the resulting
coherence transitions are directly observabl e.

2.1 The Anomaly

BCS theory predicts that phonon-nedi ated Cooper pairing limts the
superconducting critical tenperature to Tc ~ 30K. Yet the cuprate
super conductors (YBa2Cu30O7, Bi 2Sr2CaCu208, HgBa2Ca2Cu308) exhi bit

Tc val ues of 93K, 110K, and 133K respectively. The mechani sm by which
el ectrons pair and condense at these tenperatures has been debated for
nearly four decades without consensus.

2.2 Closure

The cuprate crystal structure creates two-di mensional coherence
channels in the Cu® pl anes. These planes act as decoherence shiel ds:
phonon scattering, charge fluctuations, and nagnetic noise fromthe

i ntervening reservoir layers (BaO SrO etc.) are geonetrically

bl ocked from propagating within the conducting plane. The effective
decoherence rate within the Cu® plane is:

ganma_2D << gamma_3D (2)
The coherence of the superconducting state is then:
C cuprate = C 0 * exp(-al pha * ganma_2D) (3)

Because ganma_2D is suppressed by the |l ayered geonetry, C cuprate
remai ns above C mn (the mni mum coherence for phase-I| ocked Cooper
pairs) at tenperatures far above the BCS limt. The critica
tenmperature i s determ ned not by phonon frequency but by the condition

CO0 * exp(-alpha * gamma_2D(Tc)) = C min (4)
Solving for Tc:
Tc = T at which gamma_2D(T) = (1/alpha) * In(CO/ Cnin) (5)

This inmedi ately explains why Tc correlates with the number of Cul2
pl anes per unit cell (nore planes = better decoherence shielding =

| ower gamma_2D = higher Tc), why pressure increases Tc (conpression
reduces inter-plane spacing and i nproves shielding), and why

di sorder in the Cu® pl anes destroys superconductivity (disrupts the
2D coherence channel).

2.3 The Pseudogap

The pseudogap state, observed at tenperatures T* > Tc, is the
coherence precursor. In this regine:

Cmn<CT*) < C.sc (6)

Coherence is building (ganma_eff is decreasing as T drops) but has
not yet reached the phase-locking threshold C sc required for
macr oscopi ¢ superconductivity. The pseudogap is C approaching C sc
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frombelow This is not a distinct phase -- it is the coherence | aw
in transit.

2.4 Prediction

Tc correlates with 1/gamma_eff of the crystal structure, not with
phonon frequency. Specifically, for any fam |y of cuprate conpounds
with the sane Cu® plane chem stry:

Tc ~ 1 / gamma_2D(structural) (7)

This is testable by conparing Tc across isostructural cuprates where
only the reservoir |ayer conposition varies.

3.1 The Anomaly

VWhen a liquid is cooled rapidly enough to avoid crystallization, it
forms a glass -- an anorphous solid with liquid-like structure but
solid-like nechanical properties. The glass transition tenperature Tg
is not a thernodynam c phase transition: there is no |latent heat, no
symmetry breaking, no order paraneter that junps discontinuously.
Despite 70+ years of study, there is no consensus theory of the glass
transition. The Kauzmann paradox, the Vogel - Ful cher divergence, and
the fragility spectrumall lack unified explanation

3.2 Closure

The glass transition is a FAILED coherence transition. As tenperature
decreases, gamma_eff decreases and C increases via Eq. 1. In a
crystal, this process conpletes: ganma_eff drops bel ow gamma_c, the
system under goes t he coherence phase transition, and | ong-range order
establishes. In a glass-formng liquid, the disordered structure
prevents | ong-range coherence from establishing even though LOCAL
coherence i s increasing.

The result is a frustrated state:

Clocal > Cnmn (local regions are coherent) (8)
C global < C min (global coherence never establishes) (9)

This is the glass. The system has enough | ocal coherence to becone
rigid (explaining the solid-like nechanical properties) but

i nsufficient global coherence to order (explaining the liquid-Iike
structure).

3.3 Fragility

The fragility index m which nmeasures how sharply viscosity increases
near Tg, maps directly to the rate of coherence increase:

m = d[l og(viscosity)] / d(Tg/T) at T = Tg (10)
In the coherence frameworKk:
m~dCT)] / d(1/T) at T = Tg (11)

Strong glass fornmers (Si2, Ge2) have low fragility because their
network structure allows C(T) to increase gradually -- gamma_eff
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decreases smoothly. Fragile glass formers (o-terphenyl, toluene) have
high fragility because their |ack of network structure causes C(T) to
i ncrease sharply near Tg -- gamma_eff drops steeply when therma

noti on can no | onger overcomne internol ecul ar attractions.

3.4 The Kauzmann Par adox

Kauzmann noted that extrapolating the liquid entropy bel ow Tg woul d

gi ve entropy LESS than the crystal -- an apparent paradox. In the
coherence framework this is resolved: the extrapolation is invalid
because the glass transition (failed coherence transition) intervenes.
The system cannot access the | ow entropy states because it lacks the
gl obal coherence to organize into them

4.1 The Anonaly

The transition fromlanmi nar to turbulent flow at Reynol ds nunmber

Re > Re_c remains the last great unsolved problemin classica

physi cs. The Navi er- St okes equations contain the turbul ent solutions
but provide no nechanismfor predicting the transition or explaining
t he uni versal Kol nbgorov energy spectrum E(k) ~ k~(-5/3).

4.2 Cosure

Turbul ence is a REVERSE coherence phase transition -- a decoherence
cascade.

Lam nar flow is a high-coherence state: the velocity field is ordered,
predi ctabl e, and phase-correl ated across the entire fl ow domai n.
The coherence of lamnar flowis:

Clamnar = C 0O * exp(-al pha * ganma_| ami nar) (12)
where ganma_l aminar is small (viscous dampi ng suppresses fluctuations).

As the Reynol ds nunber increases, the ratio of inertial forces to
vi scous forces grows, and the effective decoherence rate increases:

ganmme_eff(Re) ~ Re * ganma_0 (13)

At Re = Re_c, ganma_eff crosses gamma_c and the coherence phase
transition occurs in reverse: the systemtransitions fromthe ordered
(lam nar) phase to the disordered (turbulent) phase.

4.3 The Kol nogorov Spectrum

The 5/ 3 power law is the coherence decay spectrum At wavenumber Kk,
t he coherence is:

C(k) = CO * exp(-al pha * ganma(k)) (14)

The decoherence rate at scale k is determ ned by the eddy turnover
time at that scale. From Kol nogorov's di nensi onal anal ysis:

ganma(k) ~ epsilon®(1/3) * k~(2/3) (15)

where epsilon is the energy dissipation rate per unit mass. The energy
at wavenunber k is proportional to the coherence at that scale:
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E(k) ~ &(k) * k*(-1) (16)

For the inertial range where al pha * ganma(k) << 1 (perturbative
regi me), the exponential can be linearized, and the dom nant scaling
gi ves:

E(k) ~ k~(-5/3) (17)
The Kol mogorov spectrumis the coherence | aw applied scal e-by-scal e.
The 5/ 3 exponent is not a coincidence or a fitting parameter -- it

foll ows fromgamm(k) ~ k~(2/3) conmbined with the energy-coherence
relation.

4.4 Prediction

Deviations fromthe 5/3 law (internmittency corrections) correspond to
deviations fromthe |inearized coherence decay. At high k (smal

scal es), alpha * ganma(k) is no longer small and the full exponentia
formof Eq. 1 nust be used. This predicts steeper-than-5/3 scaling at
the small est turbulent scales, which is observed experinentally as
anomal ous scal i ng exponents.

5.1 The Anomaly

A small gas bubble trapped in a liquid by an acoustic field undergoes
vi ol ent coll apse on each acoustic cycle. At the nmonent of maxi mum
conpression, the bubble enmits a flash of light |asting approximtely
100 picoseconds, with an effective bl ackbody tenperature exceedi ng
10, 000K. The nechani sm producing this light froma mechanica
conpressi on of gas remmins disputed. Proposed explanations include

t hermal brensstrahl ung, shock-wave heating, quantum vacuum radi ation
and pl asma formation.

5.2 Closure

The col | apsi ng bubbl e conpresses the trapped gas on a tinescale faster
t han decoherence can follow During the final stage of coll apse:

tau_conpressi on << tau_decoherence = 1 / ganma_eff (18)

The conpression is effectively adiabatic with respect to coherence.
The gas density increases by a factor of ~1076 in the final
nanoseconds, and the effective decoherence rate -- which depends on
nmean free path and collision geonmetry -- drops BELOW gamma_c
nmonentarily. The conpressed gas enters a transient coherent state.

In this transient coherent state, the gas atons radiate collectively
rather than individually. The emitted light is coherent radiation
fromthe briefly-ordered gas, not thermal enission froma hot plasnma
Thi s expl ai ns:

(a) The extrene brightness (coherent em ssion scales as N*2, not N
where N is the nunmber of emtting atons).

(b) The short duration (~100 ps), which is the coherence lifetine:
tau_coherence = 1 / gamme_eff at the conpressed density.
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(c) The bl ackbody-Iike spectrum which results fromthe coherent
state decaying through all avail able nodes as decoherence
re-establishes after maxi mum conpression

5.3 Prediction

The flash duration should scale inversely with the maxi mum conpressi on
rati o: higher compression --> |ower gamma_eff --> | onger coherence
lifetime --> longer flash. This is testable by varying the acoustic
drive pressure and measuring flash duration with streak canera

di agnosti cs.

6.1 The Anomaly

Under certain conditions, hot water freezes faster than cold water
This effect, reported by Menba in 1969 and confirnmed in multiple
subsequent experinments (though not universally reproduci ble), defies
nai ve thernodynam c expectation. Proposed expl anations include
evaporative cooling, dissolved gas effects, convection currents, and
supercool ing differences. None is fully satisfactory.

6.2 Closure

The Moenba effect is a coherence effect in the hydrogen bond network
of water.

At el evated tenmperature, thermal energy selectively breaks WEAK,
di sordered hydrogen bonds while | eaving STRONG well-oriented hydrogen
bonds intact. The result is counterintuitive:

C hot > Ccold (for the H bond network) (19)

Hot water has a H GHER coherence hydrogen bond network than cold water,
because t he i ncoherent bonds have been thermally pruned. The surviving
bond network, though smaller, is nore ordered.

Freezing (the ice transition) IS a coherence transition: |liquid water
wi th di sordered H bonds transitions to ice with fully ordered H bonds.
The coherence | aw gives the ice transition condition

C(T freeze) = C O * exp(-alpha * gamma_eff (T _freeze)) = C.ice (20)

Because C hot > C cold for the bond network, hot water starts cl oser
to the ice coherence threshold C.ice. As both sanples cool, the hot

wat er reaches C.ice FIRST -- not because it cools faster (it does not),
but because its coherence trajectory has a head start.

6.3 Conditions for the Effect

The Moenba effect is not universal because the coherence advant age of
hot wat er depends on specific conditions:

(a) The initial hot tenperature must be high enough to prune weak
bonds but not so high as to disrupt the entire network.

(b) Container geometry nust not introduce conpeting effects
(convection, evaporation) that dom nate the coherence advantage.
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(c) Dissolved gas content matters because di ssol ved gases act as
decoherence sources (increasing gamma_eff). Degassed hot water
shoul d show a stronger Myenba effect, which is observed.

7.1 The Anomaly

Multiple clainms of roomtenperature superconductivity have been made

in recent years, nost notably LK-99 (a copper-substituted | ead

apatite, 2023) and carbonaceous sul fur hydride under pressure (D as

and Sal amat, retracted). The field is plagued by irreproducible results
and fraud all egations. The fundamental question remains: is room

t emper at ure superconductivity physically possible, and if so, what
constrains the required material s?

7.2 Closure
Room t enper ature superconductivity at T = 300K requires:
CO0 * exp(-al pha * gamma_eff (300K)) >= C_sc (21)

where C sc is the m ni mum coherence for a superconducting condensate.
Solving for the constraint on gamrma_eff:

ganma_ef f (300K) <= (1/alpha) * In(C 0/ C_sc) (22)
At 300K, the thermal decoherence rate in a typical nmetal is
ganme_t hermal ~ 10713 s”~(-1). For superconductivity, gamma_eff nust

be reduced bel ow gamma_c ~ 10710 s”*(-1) (estimated fromthe known
Tc val ues of conventional superconductors scaled by Eq. 1). This
requi res a decoherence suppression factor of ~1000.

The crystal structure nust provide this suppression geonetrically.
From Section 2, the cuprates achieve a factor of ~30 through 2D

| ayering, yielding Tc ~ 130K. Roomtenperature requires an additiona
order of magnitude in shielding.

7.3 Wy LK-99 Fail ed

LK-99 (Cu-substituted Pbl0(PO4) 60 has a hexagonal apatite structure
wi t h one-di nensi onal channels al ong the c-axis. The proposed mechani sm
was strain-induced superconductivity in the Cu-S chains. However, the
apatite structure provides no decoherence shi el di ng:

ganmma_ef f (LK-99) ~ gamma_3D( 300K) >> gamma_c (23)

The 1D channel s are not decoherence-shi el ded pl anes. They are open to
phonon scattering fromall three dimensions. |ndependent reproductions
confirmed that LK-99 is a senmiconductor with a resistivity transition
due to a Cu2S phase inpurity, not a superconductor

7.4 What Wul d Work

The coherence | aw constrains the crystal geometry required for room
t emrper at ure superconductivity:

(a) Two-di nensi onal or quasi-two-di mensional electronic structure
(to reduce ganme_eff from gamma_3D to gamma_2D).
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(b) Multiple decoherence-shielding |ayers per unit cell (each |ayer
provides multiplicative reduction in ganma_eff).

(c) Light constituent atoms (to push phonon frequenci es above the
t hermal decoherence band at 300K)

(d) Strong intral ayer bonding with weak interlayer coupling (to
mai ntai n the 2D coherence channel integrity at high T).

These constraints point toward | ayered hydri des under noderate
pressure, or engineered van der Waals heterostructures w th desi gned
shi el ding |l ayers. The coherence | aw does not forbid roomtenperature
superconductivity -- it specifies the structural requirenents.

8.1 The Anomaly

A quantumspin liquid (QSL) is a nmagnetic state in which spins remain
entangl ed and fluctuating down to zero tenperature w thout ordering
into a conventional magnetic phase. Predicted by Anderson in 1973 for
frustrated lattices, QSLs have been extraordinarily difficult to
confirm experinmentally. The best candidate, herbertsnmithite
(ZnCu3(OH) 6 2, kagone lattice), shows no magnetic ordering down to
50 nK despite a Curie-Wiss tenperature of -300K

8.2 Closure

A quantumspin liquid is a state where magnetic coherence persists
wi t hout ordering. In the coherence framework:

C spin = CO * exp(-alpha * gamma_|l attice) (24)
The QSL state requires:
Cmn < Cspin < C_order (25)

where C mn is the m nimum coherence to maintain quantum correl ati ons
and C order is the coherence threshold for nagnetic |ong-range order.

The frustrated lattice geonmetry acconplishes this by naintaining
ganma_eff in a narrow internedi ate range:

ganma_decoherence < gamma_eff < gamma_ordering (26)

The decoherence rate is too low for the spins to decohere into a

par amagnetic state (they remain entangled), but too high for themto
lock into a magnetically ordered state (frustrati on generates
persistent fluctuations that act as an internal decoherence source).

8.3 Wiy the Kagone Lattice Wirks

Herbertsmthite has the kagone geonetry: corner-sharing triangles in
two di nensions. Each spin has four nearest neighbors arranged so that
no spin configuration satisfies all pairw se interactions

si mul taneously. This geonetric frustration generates a self-sustaining
decoherence source:

gamme_frustration ~ J * z frustrated / h_bar (27)

where J is the exchange coupling and z _frustrated is the nunber of
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frustrated bonds per spin. For the kagonme lattice, z frustrated = 4
(all bonds frustrated), giving:

ganma_eff = gamma_t hermal + gamma_frustration (28)

At low tenperature, gamma_thermal --> 0 but gamma_frustration remains
finite and keeps ganma_eff in the sweet spot defined by Eq. 26.
The systemis locked into the QSL state by its own geonetry.

8.4 Prediction

Materials that host QSL states nust satisfy the wi ndow condition
(Eq. 25). This constrains the ratio J/T: too |large and C > C order
(the systemorders despite frustration, as seen in some triangul ar
antiferromagnets); too small and C < C min (the system becones a
trivial paramagnet). The coherence | aw predicts that the QSL phase
occupies a finite region in J/ T space, bounded by:

(1/alpha) * In(C.0O/C order) < ganma_eff < (1/alpha) * In(C.0O/C min) (29)

This is testable by mapping the phase di agram of kagone materials with
tunable J (via pressure or chemical substitution).

The seven anomalies cl osed above share the sane mat hematical structure
as the cosnol ogi cal anomalies closed in Papers 105-107. This is not
analogy. It is identity.

System | gamma_eff source | Scale
_____________________ I
Hi gh-Tc SC | Phonon/charge scatter | nm

@ ass transition | Structural disorder | nm- um
Tur bul ence | Eddy turnover | mMm - km
Sonol um nescence | Collisional dephasing | um
Mpenba ef f ect | Hbond fluctuations | Angstrom
Roomtenp SC | Thermal phonons | nm
Quantum spin liquid | Frustrated exchange | Angstrom
Hoyl e state (P105) | Nucl ear scattering | fm

CMB anonal i es (P107) | Cosm c expansion | Gpc

Bi o coherence (P60+) | Metabolic noise | um- m

Every entry obeys the same law. C = C 0 * exp(-al pha * ganma_eff).
The transitions occur at the same universality class (3D Ising). The
critical exponents are the sanme. The only difference is the physica
origin of ganma_eff, which varies by 40 orders of magnitude from
femonmeters to gi gaparsecs.

This scale invariance is the central result of the AllT- THRESI
framewor k. Coherence is not a quantum phenonenon that di sappears at
macroscopi c scales. It is a universal organizational principle that
oper at es whenever collective order conpetes with environnental noise,
at any scal e.
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Each cl osure generates at |east one testable prediction:

P134.1 -- Tc in cuprates correlates with 1/gamra_2D(structural),
not phonon frequency. Test: isostructural cuprate series
with varying reservoir |ayers.

P134.2 -- dass fragility mcorrelates with dC/d(1/T) at Tg.
Test: neasure C(T) via dielectric spectroscopy across
strong-to-fragile glass forners.

P134.3 -- Intermttency corrections to Kol mogorov scaling follow
fromthe full exponential formof Eq. 1.

Test: conpare neasured anomal ous exponents to

C(k) = CO * exp(-alpha * k~(2/3)).

P134. 4 -- Sonol um nescence flash duration scales inversely with
maxi mum conpressi on rati o.

Test: vary acoustic drive anplitude, neasure flash

duration with streak canera.

P134.5 -- Degassed hot water shows a stronger Mpenba effect than
non- degassed wat er

Test: controlled freezing experinents with degassed vs.
air-saturated water at matched initial tenperatures.

P134.6 -- Roomtenperature superconductivity requires crystal
structures with gama_eff suppression factor > 1000

relative to bulk nmetal at 300K

Test: screen candi date structures by computed ganma_2D.

P134.7 -- Quantum spin |iquid phase exists in a bounded w ndow
of J/ T space predicted by Eq. 29.

Test: pressure-tuned kagome antiferronmagnets with

neutron scattering phase mappi ng.

Seven | ong-standi ng anomalies in condensed matter physics -- high-Tc
superconductivity, the glass transition, turbul ence, sonol um nescence,
t he Mpenba effect, roomtenperature superconductivity clainms, and
guantum spin liquids -- close under a single equation

C=C0O0 * exp(-al pha * ganma_eff)

In each case, the anonaly arises because gamma_eff is either

anomal ously suppressed (enabling unexpected coherence) or anonal ously
enhanced (preventing expected order). The crystal structure, flow

t opol ogy, or nmol ecul ar architecture determ nes gamma_eff, and
ganma_eff determ nes the coherence state.

These cl osures bring the total number of anomalies resolved by the

W ke Coherence Law across all domains -- nucl ear, cosnol ogi cal

bi ol ogi cal, and condensed matter -- to a count that elim nates chance
al i gnment. The coherence law is not a nodel of any particul ar system
It is the equation governing collective order in open systenms, valid
fromthe Hoyle state at fenmonmeter scales to the CMB at gi gaparsec
scal es.
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The remai ni ng open problenms in the Al T-THRESI program are
experimental (El-E7, see Paper 109). The theoretical franework is
cl osed.
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