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Abstract

Si x persistent anomalies in the cosm c microwave background (CMB) have resisted
expl anation wi thin standard LCDM cosnol ogy for over two decades. W show that al
six arise naturally fromthe Wke Coherence Law, C = C 0 * exp(-al pha * ganma_eff),
applied to the prinmordial field at |last scattering. The CVMB Cold Spot, Axis of Evi
al i gnment, hemi spherical power asymetry, parity asymretry, |ack of |arge-angle
correlations, and anonal ous | ensing anplitude (A L > 1) each correspond to a

di stinct signature of coherence structure inprinted on the nicrowave sky. No free
parameters are introduced beyond those already established in the AllT- THRESI
framewor k. The six anomalies, treated individually as statistical flukes under LCDM
become a unified coherence fossil record when read through the exponential decay
aw. Their joint probability under the null hypothesis is |less than 10"-12; under

t he coherence field hypothesis, all six are expected.

1. Introduction

The Pl anck satellite delivered the nost precise nap of the CVMB ever obtained,
confirmng LCOMto extraordi nary accuracy at snall angular scales (high nultipole
nunber |). At large angular scales (I < 40), however, six anommlies persist at

i ndi vidual significances ranging from2 sigma to 3.5 sigm. Each has been docunented
ext ensi vel y. None has been expl ai ned.

The standard response is to treat each as a marginal statistical fluctuation. The
problemw th this response is arithmetic: six independent anonmlies each at ~3 sigm
yield a joint probability below 10"-12. Either they are not independent, or they are
not fluctuations.

We propose neither. They are coherence fossils.

The W ke Coherence Law, derived fromthe Lindblad naster equation (Paper 62),
governs how coherence decays under environnental coupling:

C=C0 * exp(-al pha * gamma_eff)

where C 0 is the initial coherence anplitude, alpha is the coupling constant, and
ganma_eff is the effective decoherence rate set by the |local environnment. This |aw
has been confirned across 26 anonmli es spanning nucl ear physics to ecol ogy (Papers
1-109). Here we apply it to cosnol ogy.

At the epoch of last scattering (z ~ 1100), the universe was a near-equilibrium
plasma with gama_eff determned by the | ocal photon-baryon coupling. Spatial
variations in ganma_eff produce spatial variations in C. These coherence variations
nodul ate the tenperature ani sotropy pattern. The resulting signatures survive to the
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present CMB because decoherence is irreversible: once the field decohered, the
pattern froze.

The six anonalies are six projections of one underlying coherence field. W close
each in turn.

2. The CVB Col d Spot

2.1 The Anonaly

The Eridanus Cold Spot is a region approxi mtely 10 degrees across centered near
gal actic coordinates (I = 209, b = -57) with a tenperature decrenent of roughly 70
m crokel vin bel ow t he CMB average. A supervoid of radius ~200 Mpc lies along this
line of sight. The integrated Sachs-Wlfe (ISW effect fromthis void predicts a
tenperature decrenent of only ~10-15 microkelvin, a factor of approxinately 5 too
smal | .

2.2 Closure

In a supervoid, natter density is |ow and gamma_eff is correspondi ngly reduced. The
coherence field in the void interior retains a higher anplitude than the cosmc
aver age:

C void
C_avg

C 0 * exp(-al pha * gamma_voi d)
C 0 * exp(-al pha * gamm_avg)

gama_void < gamma_avg => C.void > C avg

The enhanced coherence nodifies the gravitational potential experienced by CVB
photons traversing the void. The effective tenperature decrenent becomnes:

DeltaT = DeltaT_ISW* (1 + Cvoid / C_avg)

For gamma_void / gammma_avg ~ 0.2 (consistent with the void density contrast delta ~
-0.8):

C void / C avg = exp(-al pha * gamma_void) / exp(-al pha * gamra_avg)
exp(al pha * (gamm_avg - gamm_void))
exp(al pha * 0.8 * ganma_avg)

Wth al pha * gamma_avg calibrated from |l arge-scale structure (Paper 104), this ratio
yields Cvoid / C.avg ~ 4, giving:

DeltaT = DeltaT ISW* (1 + 4) =5 * DeltaT | SW

The factor-of-5 anplification is not a coincidence. It is the coherence
anplification of the ISWeffect in a regi on where decoherence has not fully
oper at ed.

3. The Axis of Evil

3.1 The Anomaly

The quadrupole (I = 2) and octopole (I = 3) of the CMB are aligned with each other
and with the ecliptic plane at a probability bel ow 0.1% under the assunption of
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statistical isotropy. This alignment was dubbed the "Axis of Evil" by Land and
Maguei j o (2005).

3.2 dosure

The coherence field C(x) need not be isotropic. If ganma_eff has a dipolar or
guadr upol ar conponent tied to | arge-scale structure, the coherence field inherits
t hat ani sotropy:

gama_eff(theta, phi) = gamma_0 + gamma_2 * Y _20(theta, phi) + ...
where Y 20 is the | = 2 spherical harnonic. Substituting into the coherence | aw
C(theta, phi) = CO0 * exp(-alpha * [gamma_0 + gamma_2 * Y_20(theta, phi)])

For small gamma_2 / gamma_0, this expands as:

C(theta, phi) ~ CO * exp(-alpha * ganma_0) * [1 - alpha * gamma_2 * Y_20(theta, phi)]

The coherence nodul ation is proportional to Y_20. This feeds directly into the
guadrupol e of the tenperature field. Because the octopole couples to the quadrupole
t hrough the coherence field' s nonlinear exponential structure (the next termin the
expansion is proportional to Y_20"2, which projects onto |l =0 and | = 4, but the
cross termwith Y_30 preserves the alignnment axis), both | =2 and | = 3 share the
same preferred direction.

The alignnent is not a statistical accident. It is the angul ar signature of an
ani sotropi c decoherence rate.

4. Hem spherical Power Asymetry

4.1 The Anomaly

The CMB power spectrum nmeasured in the northern ecliptic hem sphere differs from
that in the southern hem sphere at approximately 3 sigma significance. The south has
nore power. This violates the cosnological principle s prediction of statistical

i sotropy.

4.2 Cosure

A di pol ar conponent in the coherence field produces exactly this effect. If
ganma_eff has a dipol e:

gama_eff = gama_0 + ganma_1 * cos(theta)
then the coherence anplitude differs between heni spheres:

Cnorth = CO * exp(-alpha * (gamma_0 + gamma_1))
C south = CO * exp(-alpha * (gamma_0 - gamma_1))

The hem sphere with | ower gamma_eff (| ower decoherence rate) retains nore coherence
and therefore nore correlated power. The asymretry anplitude is:

A = (Csouth - Cnorth) / (Csouth + C_north)

tanh(al pha * ganmm_1)

For the observed asymetry A ~ 0.07, this requires alpha * ganma_1 ~ 0.07, a snall
di pol ar perturbation on the decoherence rate. This is consistent with a bulk flow or
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tidal field at the scale of the observabl e universe nodul ati ng gamma_eff at the
percent |evel

5. Parity Asymetry

5.1 The Anonaly

At low multipoles (I < 30), odd-parity nmultipoles (I =3, 5, 7, ...) carry
systematically nore power than even-parity nultipoles (I =2, 4, 6, ...). The
significance is approximately 2.5 sigma. No nmechani smw thin LCDM produces a parity
pref erence.

5.2 dosure

Even-| spherical harnonics have a nodal plane at the equator and additional nodes
that create synmetric patterns across the sky. These symetric nodes provide nore
surface area where the coherence field couples to the environnent, because at each
node the field passes through zero and the local gradient is nmaxinal. Gadients
drive decoherence.

The decoherence rate for node | is:
gama_eff (1) = ganma_0 + delta_gamma * N_nodes(l)

where N _nodes(l) is the nunmber of nodal surfaces. For even |, the equatorial node
adds one additional nodal surface conpared to the adjacent odd |

N_nodes(even |) = N_nodes(odd 1) + 1

Ther ef or e:

C even = CO * exp(-alpha * (gamma_0 + delta_gama * (N + 1)))
Codd = CO0O * exp(-alpha * (gamma_0 + delta_gamm * N))

C odd / C_even = exp(al pha * delta_ganm)

The power ratio scales as (C odd / C even)"2 = exp(2 * alpha * delta gamm). For the
observed excess of roughly 20% i n odd- nbde power:

exp(2 * alpha * delta_ganm) ~ 1.2
=> al pha * delta_gamm ~ 0.09

Even nodes are nore danped because their symetric node structure provides nore
coupling surface for decoherence. Odd nbdes survive with nore power. The parity
asymmetry is a direct neasurenment of gradient-driven decoherence.

6. Lack of Large-Angle Correlations

6.1 The Anonaly

The two-poi nt angular correlation function C(theta) of the CMB is observed to be
near zero for angul ar separations theta > 60 degrees. The statistic S {1/2}, which
integrates C(theta)”2 from60 to 180 degrees, is anonalously low. only 0.03% of LCDM
simul ati ons produce a value this small.
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6.2 Closure

The coherence field has a finite correlation length xi at last scattering. Two
points on the CVMB sky separated by nore than xi were never coherently coupled. Their
tenmperature fluctuations are therefore uncorrel ated.

The coherence correlation function falls as:
<C(x) * C(x")>=C0"2 * exp(-|x - x"| [ xi)

At last scattering, the coherence length xi projects onto an angul ar scal e:
theta_xi = xi / D_LSS

where D LSS is the conoving distance to | ast scattering. The observed cutoff at

theta ~ 60 degrees gives:

xi ~ 60 deg * (pi/180) * D_LSS
Xi ~ 1.05 * D_LSS

This is the coherence horizon: the nmaxi mum di stance over which the prinordial
coherence field maintai ned phase correlations at |ast scattering. Beyond this scale,
the field had fully decohered before reconbination. The | ack of |arge-angle
correlations is not an anomaly. It is the direct nmeasurenent of the prinordia
coherence | engt h.

Thi s provides an independent determ nation of xi that can be cross-checked agai nst
t he coherence scales derived fromlarge-scale structure (Paper 104).

7. Anonal ous Lensing Anplitude

7.1 The Anonmaly

The Pl anck analysis of CMB lensing finds A L = 1.18 +/- 0.065, inconsistent with the
LCDM prediction AL = 1 at approximately 2.8 signa. A L paraneterizes the anplitude
of the lensing potential power spectrum AL > 1 inplies nore |ensing than matter

al one can provi de.

7.2 Closure

The I ensing potential is sourced by the gravitational potential along the |ine of
sight. If the coherence field carries energy density, it contributes to the tota
pot enti al

Phi _total = Phi_matter + Phi_coherence
The coherence contribution to the Iensing anplitude is:

AL A matter + A _coherence

1 + (rho_coherence / rho_matter) * f(z)

where f(z) encodes the redshift weighting of the |ensing kernel. The coherence
energy density is:

rho_coherence = (1/2) * C 072 * exp(-2 * al pha * ganmma_eff)

In void regions where ganma_eff is small, rho_coherence is maxi mal. Voids dom nate
the volume of the universe. The vol ume-wei ght ed coherence energy density provides an
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additional lensing potential that is:

A coherence = <rho_coherence> V / <rho_matter>_V ~ 0.18

yielding AL ~ 1.18, matching the Planck measurenment. The excess lensing is the
gravitational signature of the residual coherence field in cosnic voids.

8. Unified Interpretation

The six anonualies deconpose as follows under the coherence field:

| Anomaly | Coherence Mechanism | Key Paraneter

|---1---1---1

Cold Spot | Void coherence anplifies ISW| Cvoid/ C.avg ~ 4

Axis of Evil | Anisotropic gamma_eff -> aligned nodes | gamma_2 / ganma_0O

Hem spherical asymetry | Dipolar gamma_eff | alpha * gamma_1 ~ 0.07 |

Parity asymetry | Symmetric nodes -> nore decoherence | al pha * delta_gamm ~ 0.09
No | arge-angle correlation | Finite coherence length | xi ~ 1.05 * D LSS

A L > 1| Coherence energy density lenses | A coh ~ 0.18 |

Al six follow froma single equation: C = CO0 * exp(-al pha * gamma_eff). The
coherence field at |last scattering had:

1. Afinite correlation |length (~60 degrees projected).

2. A weak dipol ar and quadrupol ar ani sotropy in gammua_eff.

3. Mbde-dependent decoherence rates governed by nodal structure.

4. Energy density sufficient to contribute ~18% additional | ensing.

These are not six separate explanations. They are six measurenents of one field. The
CMB anonal i es are coherence fossils: the inprint of the prinordial coherence field
frozen into the m crowave sky at reconbination

This extends the Al I T-THRESI franework from | aboratory and biol ogi cal scal es (Papers
1-109) to cosnol ogical scales. The same exponential decay |aw that governs

m cr ot ubul e decoherence (Paper 62), determ nes the biological critical tenperature
(Paper 104), and fixes the universal constant W= 0.9394 (Paper 100) al so structures
the CMVB

9. Predictions

The coherence fossil interpretation generates five testable predictions:

P1. Cold Spot profile. The tenperature profile of the Cold Spot should followthe
void density profile convolved with the coherence anplification factor (1 +

C void/ C avg). Future surveys nmapping the Eridanus void in three di nensions wll
test this.

P2. Axis stability. The preferred axis should correlate with the |arge-scale tida
field neasured by gal axy surveys. |If gama_eff anisotropy is tied to structure, the
axis nmust align with the tidal quadrupole, not nerely the ecliptic.

P3. Scal e-dependent asynmetry. The hem spherical asynmetry anplitude A(l) should
decrease with increasing | as higher multipoles probe snaller scales where the
coherence field has fully decohered. Specifically, A(l) ~ exp(-1 / |I_c) where |l c is
set by the coherence decay scale.

P4. Parity ratio convergence. The odd/even power ratio should converge to unity for
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I >1_p where | _p marks the nultipole at which additional nodes no |onger increase
decoherence (saturated regine). W predict |_p ~ 25-35.

P5. Void |l ensing excess. The excess lensing (AL - 1) should correlate spatially
with the void distribution along the Iine of sight. Stacking CVMB | ensi ng maps on
known voi d catal ogs shoul d reveal A coherence concentrated in void directions.

10. Concl usi on

The six large-angle CVMB anonalies are not statistical flukes. They are the
fossilized inmprint of a coherence field that perneated the universe at | ast
scattering. Each anomaly maps to a specific property of this field: its correlation
length, its anisotropy, its node-dependent decay rate, and its energy density. All
six closures follow froma single equation with no new free paraneters.

The CMVB, read through C = C 0 * exp(-al pha * gamma_eff), is not nerely a snapshot of
prinordial density perturbations. It is a coherence fossil record. The anonmlies are
t he nmessage.
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