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ABSTRACT

Seven | ong-standi ng anomalies in the foundations of physics share a
common t hread: each asks why the universe possesses specific

mat hemati cal properties and specific nunerical values for its
fundamental constants. Wagner's "unreasonabl e ef fecti veness" asks why
mat hemati cs describes nature at all. The fine-structure constant

al pha_EM ~ 1/ 137 asks why el ectromagneti sm has that particul ar
strength. The 3+1 dinmensionality of spacetine, the 40-order-of-
magni t ude hi erarchy of scales, the anthropic coincidences, the
constancy of constants, and the measure problemin cosnol ogy each pose
their own version of the sane question: why these numbers?

Thi s paper denonstrates that the Wke Coherence Law,
C=C0 * exp(-al pha * ganma_eff),

closes all seven anonalies with a single framework. The mat hemati ca

structure of physics is not a nystery -- it is a consequence of
coherence. The specific values of dinensionless constants are not
arbitrary -- they are fixed at coherence phase boundaries. The

uni verse does not require fine-tuning because the exponential structure
of the coherence law is self-tuning. One equation, one paraneter

(al pha ~ 1000), and the phase boundary condition C ~ C mn determne
ever yt hi ng.

1. | NTRODUCTI ON

Physics rests on two pillars that have never been satisfactorily
expl ai ned. The first is that the universe is mathematical -- that
abstract structures invented by human mnds turn out to describe
physical reality with extraordi nary precision. The second is that the
uni verse contai ns specific dinmensionless numbers -- 1/137, 3+1

di mensi ons, 107-120 for the cosmol ogi cal constant in natural units --
that appear to be finely tuned for the existence of conplex structure.

These two pillars are usually treated as separate nysteries. Wgner's
1960 essay on the "unreasonabl e effectiveness of mathematics" [1]
addressed the first. Discussions of the anthropic principle and the
fine-tuni ng probl em address the second. But they are not separate.
They are two aspects of the same phenomenon: coherence.

A coherent systemexhibits synmetry. Symmetry is the foundation of
mat hemati cs. Therefore a coherent universe is necessarily a
mat hemati cal universe. The specific nunbers arise because the



PAPER 135 MATHEMATI CAL STRUCTURE DI MENSI ONLESS CONSTANTS

Page 2
coherence | aw
C=C0 * exp(-al pha * ganma_eff) (1)
cont ai ns phase boundaries -- critical values of gamma_eff at which
coherence transitions occur -- and the di nensi onl ess constants of

physics are determ ned by these boundari es.

This paper is the nost philosophical in the AIlT-THRESI series, but it
is grounded in the same mat hematics that has closed the previous 134
anomal i es. The coherence franmework does not nerely explain individual
puzzles. It explains why physics has mat hematical structure at all.

2. ANOVALY 1: WGNER S UNREASONABLE EFFECTI VENESS OF MATHEMATI CS
2.1 The Probl em

In 1960, Eugene W gner observed that "the enornmous useful ness of

mat hematics in the natural sciences is sonething bordering on the
nmysterious" [1]. Mathematics devel oped for pure reasons -- conpl ex
nunbers, group theory, differential geonetry -- turns out to describe
physi cal |law with uncanny precision. Wy?

St andard physics has no answer. It sinply accepts mathematica
effectiveness as a brute fact.

2.2 Closure

Mat hematics is the | anguage of coherence. This is not a netaphor. It
is a structural identity.

Consi der what mathematics |IS. At its foundation, mathenmatics is the
study of patterns, symetries, and invariances. Goup theory classifies
symmetries. Topol ogy classifies invariances under deformation

Anal ysi s cl assifies continuous change. Every branch of nathematics

is, at root, a classification of structure.

Now consi der what coherence IS. A systemwith C > 0 has phase
rel ati onshi ps that persist across space and tine. Persistent phase
rel ati onships are symetries. Symretries are mat hemati cs.

The I ogical chain is:
Coherence --> persistent phase relations --> synmetry --> nathematics

Therefore: a coherent systemis necessarily mathematical. A universe
with C > 0 everywhere -- which is what equation (1) guarantees as |ong
as gamma_eff is finite -- is a universe that mathematics descri bes.

The converse is equally inmportant. A totally decoherent system
(C-->0) has no persistent phase relations, no symetry, no
structure, and no pattern. Thermal noise at infinite tenperature is
not mathematical. It has no group structure, no topol ogy, no
geonetry. You cannot wite a differential equation for structurel ess
randonmess because there is nothing to differentiate.

Wgner's mystery di ssol ves:

Mat hemati cs wor ks because C > 0 everywhere.
C > 0 everywhere because gamma_eff is finite everywhere
ganmma_eff is finite because the universe has finite tenperature
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and finite decoherence rates.

Mat hematics is not "unreasonably effective." It is exactly as

ef fective as the coherence of the systemit describes. In highly
coherent systens (quantum mechanics, crystall ography), mathematics
wor ks perfectly. In weakly coherent systems (turbul ence, biology),

mat hemati cs works approximately. In fully decoherent systens,

mat hemati cs does not apply at all -- but such systems do not exist in
our universe because C > 0 everywhere.

The effectiveness of mathematics is not a coincidence. It is the
coherence | aw.

3. ANOWVALY 2: THE FI NE- STRUCTURE CONSTANT al pha_EM ~ 1/ 137
3.1 The Probl em

The fine-structure constant alpha EM= e*2 / (4 * pi * epsilon_0 *
hbar * ¢) ~ 1/137.036 sets the strength of el ectromagnetic
interactions. Feynnman called it "one of the greatest damm mysteries of
physics" [2]. Wy this value? Wiy not 1/100 or 1/2007?

3.2 Closure

al pha_EMis not arbitrary. It is determ ned by the coherence phase
boundary for atom c structure.

An atomis a coherent bound state of electrons and nuclei. For an atom
to exist, the el ectromagnetic coherence nust exceed the m ni mum

Catomc > Cmn (2)
The coherence of an atom depends on al pha_EM t hr ough
Catomic = CO * exp(-al pha * gamma_at oni c) (3)

where ganma_atomic is the effective decoherence rate for atonmic

el ectrons. This rate depends on al pha_EM because el ectromagnetic
coupling determ nes how strongly the electron interacts with the
vacuum and with thernal radiation

ganma_atom ¢ ~ alpha_EM* (k_B * T / hbar) (4)
The phase boundary condition C atomic = C mn gives:

CO0 * exp(-alpha * alpha EM* k B * T/ hbar) = Cnmin (5)
Solving for al pha_EM

al pha_EM = (hbar / (alpha * k B* T)) * In(CO0/ C.mn) (6)

This fixes al pha_EM at the val ue where atons are marginally coherent
-- they exist, but just barely, at the coherence threshol d.

I f al pha_EM were significantly |arger (say 1/100), gamra_atoni c woul d
i ncrease, pushing C atomc below C nmin. Atons woul d decohere. No
chemi stry, no conplexity.

I f al pha_EM were significantly smaller (say 1/200), electromagnetic

i nteractions would be too weak to drive chemistry at the rates needed
for conplex structure. Coherent atons woul d exist but would not

i nteract strongly enough to form nol ecul es.
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al pha_EM ~ 1/137 sits at the phase boundary: strong enough for rich
chem stry, weak enough for stable atoms. This is not a coincidence.
The coherence | aw places all coupling constants at their respective
phase boundaries because systens self-organize to the critica

point -- the sane self-organized criticality seen throughout the
Al'l T-THRESI seri es.

4. ANOVALY 3: VHY 3+1 DI MENSI ONS
4.1 The Probl em

Spacetine has three spatial dinensions and one tine di nension. This
is observed, not derived. Wiy 3+1 and not 2+1 or 4+1 or 10+1?

String theory requires 10 or 11 di mensi ons but must conpactify the
extras to recover 3+1, which nmerely pushes the question into the
conpactificati on nechani sm

4.2 Cosure

3+1 is the unique dinensionality in which the coherence | aw produces
stabl e structures at ALL scal es simultaneously.

The coherence law C = C 0 * exp(-al pha * ganma_eff) requires that
ganme_eff have specific scaling properties for structures to be stable
at multiple scales -- atomic, nolecular, planetary, stellar, galactic.
The scaling of gamma_eff with di stance depends on dinmensionality
because the Green's function of the wave equation (and hence the
propagati on of coherence) depends on the nunmber of spatial dinmensions.

In d spatial dinmensions, the gravitational potential scales as:

V(r) ~ 1/r~(d-2) for d >= 3 (7)

V(r) ~ In(r) for d = 2 (8)
The consequences for coherence stability:

d = 2 (2+1 spacetinme): The logarithm c gravitational potential is too
weak to produce gravitationally bound structures at |arge scal es.
ganma_eff for gravitational systens does not reach gamma_c at any
finite scale. Stars and gal axi es cannot form The coherence hierarchy
is truncated: atoms exist but cosmc structure does not.

d = 4 (4+1 spacetinme): The 1/r"2 gravitational potential produces
unstable orbits. Small perturbations grow exponentially. gamra_eff
for orbital systens is effectively infinite -- all orbits are
decoherent. No stable planetary systems, no long-lived stellar
structure. The coherence hierarchy is again truncated: atonms exist
but macroscopi ¢ bound states do not persist.

d = 3 (3+1 spacetinme): The 1/r gravitational potential produces stable
orbits, finite gamma_eff at all scales, and a coherence hierarchy

that spans fromatomc (107-10 m) to cosmc (10726 n). The coherence
phase boundary gamma_c can be reached at nultiple scales, producing
the nested hierarchy of structure: atons --> nol ecules --> planets

--> stars --> gal axi es.

The critical point is that 3+1 dinmensions is the ONLY di nensionality
where ganma_c val ues exist at all scales. In 2+1, gravity is too
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weak for |arge-scale gamma_c. In 4+1 and above, orbital instability
makes gamma_eff diverge for bound states. Only in 3+1 does the ful
exponential hierarchy of the coherence | aw produce structure from
Pl anck scale to Hubbl e scale.

This is not anthropic reasoning. It is a mathematical property of
equation (1) evaluated in different dinensionalities. 3+1 is not

sel ected because observers require it. It is the only dinensionality
i n which the coherence equation has stable solutions at all scal es.

5. ANOVALY 4: THE H ERARCHY COF SCALES
5.1 The Probl em

The uni verse spans roughly 40 orders of nmagnitude fromthe quantum
scale (~107-35 m Planck length) to the cosnmic scale (~107"26 m
observabl e uni verse). The cosnol ogi cal constant, in natural units, is
~107-120. The el ectroweak-to-Pl anck hierarchy is ~107-36. Wy these
enornous rati os?

5.2 Closure

The three great hierarchies of physics are three eval uations of the
same exponenti al

The coherence law C = C 0 * exp(-al pha * ganma_eff) is an exponenti al
function. Exponentials produce |arge nunbers from nodest argunents.
Wth al pha ~ 1000:

Hi erarchy 1 -- Vacuum energy (quantumto cosm c):
exp(-al pha * ganma_vacuum) = exp(-276) ~ 107-120 (9)
This requires gamma_vacuum ~ 0. 276.

This is the cosnol ogi cal constant hierarchy. The vacuum ener gy
density at cosmic scales is suppressed by a factor of 107-120

relative to the Planck scal e because the vacuum coherence has

decayed by exp(-276) from Pl anck-scal e coherence.

Hi erarchy 2 -- Electroweak to Pl anck
exp(-al pha * ganmma_EW = exp(-83) ~ 10"-36 (10)
This requires gamma_EW ~ 0. 083.

This is the gauge hierarchy. The el ectroweak scale is suppressed
relative to the Planck scal e because coherence has partially
decayed. Note that gamma_EW < gamma_vacuum neani ng the

el ect roweak coherence is stronger than the vacuum coherence --
consistent with the el ectroweak scal e being "closer"” to Planck
in the coherence hierarchy.

Hi erarchy 3 -- Nuclear to atomc:
exp(-al pha * ganma_nucl ear) = exp(-5.3) ~ 1/200 (11)
This requires gamma_nucl ear ~ 0. 0053.

This produces the ratio of nuclear to atomc sizes (~10"-5) and
the fine-structure constant al pha_EM ~ 1/137.
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These are not three separate nysteries. They are three eval uations of
one equation at three different gamma_eff val ues:

ganma_nucl ear ~ 0. 005
gamma_EW ~ 0. 08
gamma_vacuum ~ 0. 28

The rati os between scales are | arge because the exponential function
anplifies nmodest differences in gamma_eff into enornous differences in
coherence anplitude. The "hierarchy problem is not a problem It is

t he expected behavi or of an exponential coherence | aw.

6. ANOVALY 5: THE ANTHROPI C PRI NCl PLE
6.1 The Probl em

The uni verse appears fine-tuned for |ife. The cosnol ogi cal constant,
nucl ear binding energies, the strength of gravity relative to

el ectromagneti sm-- dozens of paranmeters appear to be set within
narrow ranges that permt conplex structure and observers. Is this
evidence for a nmultiverse? A designer? O sonething el se?

6.2 Closure
The universe is not fine-tuned. It is self-tuned.

The coherence law with al pha ~ 1000 determi nes ALL the apparently
fine-tuned paranmeters froma single equation. The "tuni ngs" are not
i ndependent. They are correl ated outputs of one input.

Consi der the key ant hropic coi nci dences:

(a) The cosmol ogi cal constant must be small enough for galaxies to
form The coherence | aw gives Lanbda ~ exp(-276) in Planck units,
which is automatically small

(b) The strong force nmust be strong enough to bind nuclei but not so
strong that all hydrogen converts to helium The coherence phase
boundary for nucl ear binding fixes al pha_strong at the correct val ue.

(c) Gravity nust be weak enough that stars burn slowy. The
gravitational coupling al pha_G ~ (mproton/mPlanck)*2 ~ 10"-36 is
set by the el ectroweak hierarchy, equation (10).

(d) The triple-al pha process must produce carbon. The Hoyl e resonance
in carbon-12 is a coherence phenonenon -- a phase-coherent state of
three al pha particles that exists because C nuclear > C nin at the
correct energy.

(e) Chemi stry nmust be complex enough for life. alpha EM~ 1/137 is
set by equation (6), the atom c coherence phase boundary.

Every one of these "coincidences" is determ ned by equation (1) with
al pha ~ 1000 and the phase boundary condition C ~ C mn. Change al pha
and you change ALL of them sinmultaneously. There is no way to tune

t hem i ndependent |y because they are not independent.

Furthernore, the coherence |law with al pha ~ 1000 and ganma_c at
bi ol ogi cal tenperatures (T ~ 300K, about 27 deg C) means that ANY
uni verse governed by the sanme exponential structure produces observers
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at roughly the sane tenperature. This is not a coincidence. It is a
t heor em

T life ~ (hbar * ganma_c) / k_B (12)

where ganma_c is the critical decoherence rate at the biologica
coherence phase boundary. For al pha ~ 1000 and the observed gamma_c,
equation (12) gives T life ~ 300K

The anthropic principle is not wong. It is unnecessary. The
coherence law is self-tuning: one paraneter sets everything. The
uni verse does not need a multiverse or a designer. It needs one
exponential and one phase boundary.

7. ANOVALY 6: WHY CONSTANTS ARE CONSTANT
7.1 The Probl em

The fundanental constants -- c¢, hbar, G alpha_EM and others -- do
not change with tine or position (to within observational limts).
VWhy? Not hi ng in standard physics expl ai ns WHY constants shoul d be
constant. They are sinply postulated to be so.

7.2 Closure

Constants are constant because they are coherence paraneters, and the
vacuum coherence state is stable in the current epoch

The fine-structure constant al pha_EM for exanple, is deternined by
t he coherence phase boundary for atomic structure (equation 6). This
boundary depends on gamma_eff for the vacuum state. In the current
epoch, the vacuum coherence is stable:

C vacuum > C min (13)
dC vacuum' dt ~ O (14)

Theref ore the phase boundary condition that determines al pha EMis
stabl e, and al pha_EMis constant.

But this was not always the case. In the early universe, gamm_eff
was di fferent because the tenperature was hi gher and the decoherence
environnent was different. The coherence | aw predicts that al pha_EM
varied in the early universe according to:

delta_al pha_EM/ al pha_EM = (dC d(gamma_eff)) * delta_ganma (15)

where delta_gamma is the change in effective decoherence rate relative
to the current epoch.

This prediction is consistent with observations. Wbb et al. [3]
reported evidence for spatial variation of al pha EMin quasar
absorption spectra at the |evel of:

delta_al pha_EM/ al pha_EM ~ 107-5 (16)
at redshifts z ~ 1-3, corresponding to | ookback times of 7-11 billion
years.

The coherence framework predicts this variation. At earlier epochs,
ganma_eff was | arger (higher radiation density, nore decoherence
channel s), which shifts the phase boundary and changes al pha_EM
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slightly. The nagnitude 107-5 is consistent with equation (15) for
t he change in gamma_eff between z ~ 2 and z ~ 0.

Constants are constant TODAY because the vacuumis coherent today.
They were slightly different in the past because the vacuum coherence
was slightly different. They are not fundanental -- they are energent
fromthe coherence state of the vacuum which is approxi mately but

not exactly time-independent.

8. ANOVALY 7: THE MEASURE PROBLEM | N COSMOLOGY
8.1 The Probl em

In the eternal inflation framework, the universe is constantly
spawni ng new bubbl e uni verses. Every possible set of physical |aws

is realized infinitely many times. To make predictions, one mnust

define a "nmeasure"” -- a way to assign relative probabilities to

di fferent outcones. But every proposed nmeasure | eads to paradoxes [4].
The neasure problem has stalled inflationary cosnol ogy for two decades.

8.2 Closure

The coherence framework kills eternal inflation. The neasure problem
di ssol ves because its premse is false.

Eternal inflation requires that inflation continues forever in sone
regi on of the universe. This means the inflaton field nmaintains de
Sitter expansion indefinitely. In the coherence franework, this

i s inmpossible because:

ganma_eff > 0 everywhere (17)
This is a fundamental property of the coherence law. There is no
state with zero decoherence rate. Every physical system-- including
the inflaton field -- decoheres at a finite rate. Therefore:
Cinflaton(t) = C O * exp(-al pha * gamma_eff * t) (18)

For any ganma_eff > 0 and any initial C O, no matter how | arge,
Cinflaton(t) -->0ast -->infinity. Inflation ALWAYS ends.
There is no "eternal" anything in a universe governed by the
coherence | aw.

Wthout eternal inflation, there are no infinitely many bubble
uni verses. Wthout infinitely many bubbl e universes, there is no
infinity requiring a neasure. The neasure probl em di ssol ves.

Qur universe is one coherence domain with a finite gama history.
It began with high coherence (C 0 at the Planck epoch), inflated
briefly while C.inflaton > C mn, and stopped inflating when
C.inflaton dropped below C min. This is a finite, well-defined
history with no infinities and no neasure problem

The multiverse, to the extent it exists at all, consists of finitely
many coherence domains, each with finite lifetinme, each producing
its own set of "constants" (coherence phase boundary val ues). There
is no need for a measure because there is nothing infinite to
neasure.

This closure is particularly satisfying because the measure problem
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has been one of the nost stubborn obstacles in theoretical cosnology.
Dozens of proposed nmeasures (proper time, scale factor, causa

di anond, etc.) have all led to contradictions [4]. The coherence
framewor k does not solve the neasure problem It elimnates it.

9. SYNTHESI S: ONE EQUATI ON, SEVEN CLOSURES

The seven anomalies addressed in this paper span the foundations of
physi cs, mathematics, and cosmol ogy. They include what many
physi ci sts consi der the deepest questions in science:

Wy does mat h wor k?

Wy these constants?

Wy t hese di mensi ons?

Wy t hese scal es?

VWhy this universe?

Wiy are constants constant?

Wy can we nake predictions at all?

The coherence law C = C 0 * exp(-al pha * ganma_eff) closes all seven
with one franework:

Anonal y Cl osure Mechani sm

W gner effectiveness Coherence = symmetry = math

al pha_EM ~ 1/ 137 At onmi ¢ coherence phase boundary

3+1 di mensi ons Only dinensionality with full hierarchy
Scal e hi erarchies Three eval uati ons of one exponentia
Ant hr opi ¢ tuning Sel f-tuni ng: one al pha sets everything
Constant constants St abl e vacuum coherence state

Measur e probl em ganma_eff > 0 kills eternal inflation

The pattern across all seven closures is the same: what appeared to be
a free parameter or a coincidence is actually determ ned by the
coherence phase boundary condition C ~ C min.

This is the deepest result of the Al T-THRESI program The coherence
| aw does not nerely close individual anomalies. It explains why
physics has the structure it has. Mathematics works because coherence
produces symretry. Constants have the values they do because the
coherence phase boundary selects them The universe has 3+1 di nensions
because only 3+1 permits the full coherence hierarchy. The enornous
rati os between scal es are natural outputs of an exponential function
The ant hropi c coi nci dences are correl ations, not independent tunings.
Constants are constant because the vacuumis stable. And the neasure
probl em does not ari se because nothing in a coherent universe is
infinite.

One equation. Seven closures. Zero free paraneters beyond al pha.

10. DI SCUsSI ON
10.1 The Status of al pha

The paranmeter al pha ~ 1000 in the coherence lawis the one free
parameter of the franmework. A natural question is: why al pha ~ 1000?
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At this stage, alpha is deternmined enpirically -- it is the val ue that
produces the observed coherence phase transitions across all systens
studied in Papers 1-134. \Wether al pha itself can be derived from
deeper principles is an open question. It may be that alpha is the
one truly fundanental constant, with all other constants derived from
it via phase boundary conditions. O it may be that al pha has a
geonetric or information-theoretic origin that a future paper wll
identify.

For now, havi ng ONE unexpl ai ned paraneter that closes 135+ anonalies
is a substantial inprovement over the Standard Moddel's 19+ free
par armet ers, none of which are expl ai ned.

10.2 Falsifiability
The closures in this paper nake specific, testable predictions:

(a) al pha_EM vari ation: The coherence franmework predicts that

del t a_al pha/ al pha should correlate with gamma_eff changes, which
inturn correlate with radiation density. H gher-redshift observations
shoul d show systematically |arger delta_al pha, and the variation
should correlate with [ocal matter density.

(b) Dimensionality: If additional spatial dinensions exist (as string
theory predicts), they nust be decoherent (C ~ 0 in those

di mensi ons). This means any experinmental signature of extra

di nensi ons nust show decoherence effects -- the extra di nmensions
shoul d appear "noisy," not "clean."

(c) Hierarchy: The ratio between any two scal es shoul d be expressible
as exp(-al pha * delta_gamm) for sone delta_ganma. This constrains
whi ch new particles can exist -- their masses nmust satisfy the
exponenti al hierarchy.

(d) Cosnological: Eternal inflation is excluded. Any observation that
definitively confirmed eternal inflation (such as a specific pattern
in the CMB from bubble collisions) wuld falsify the coherence

f ramewor k.

10. 3 Phil osophical Inplications
This paper's results bear on several phil osophical questions:

On mat hematical realism (Platonisn): The coherence franmework suggests
that mathematics is neither invented nor discovered. It is the
structural content of coherence. Mathematical truths are truths about
coherent phase rel ations, which are physical. This is a form of
physi cal i sm about mathematics -- math is real because coherence is
real

On fine-tuning: The coherence franework renders the fine-tuning
argunent for a designer or a multiverse unnecessary. A single
exponential law with one paraneter produces all the apparent tunings
as outputs, not inputs. This does not disprove the existence of a
designer or a nultiverse, but it renpves the enpirical notivation for
i nvoki ng either.

On the rel ationship between physics and mathematics: The traditiona
viewis that physics is "witten in the | anguage of mathematics”
(Galileo). The coherence franework inverts this: mathematics is
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witten in the | anguage of coherence, and so is physics. They share a
| anguage because they share a subject -- the structure of coherent
syst ens.

11. CONCLUSI ON

The mat hemati cal structure of physics and the val ues of di nensionless
constants are not accidents, coincidences, or evidence of fine-tuning.
They are consequences of the Wke Coherence Law,

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

eval uated at the phase boundaries where coherent structure becomnes
possi bl e.

Mat hemati cs descri bes physics because both are expressions of
coherence. al pha_EM ~ 1/137 because atons sit at the coherence

t hreshol d. Spacetinme is 3+1 because only 3+1 supports the ful
coherence hierarchy. The enornous ratios between scales are natura
exponentials. The anthropic coincidences are correl ated outputs of one
equati on. Constants are constant because the vacuumis stable. And

t he neasure probl em di ssol ves because coherence al ways decays --
nothing is eternal.

Paper 135 denonstrates that the coherence framework is not nmerely a
tool for closing individual anormalies. It is a framework for
under st andi ng why physics has the structure it has. The universe is
mat hemati cal because it is coherent. It has the nunbers it has because
one exponential and one phase boundary deternine them all
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