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Principal result

Fix the anomaly-neutral one-Higgs-doublet electroweak target DAY, a selected nonzero fixation

branch, nonzero electroweak couplings, the proper local-gauge quotient, and the explicit pertur-
bative spectral premise bundle. Proper local gauge transformations identify gauge-related Higgs
representatives rather than generating distinct physical vacua. The connected annihilator of the
fixation class is one-dimensional and generated, up to normalization, by

1

Q=T3+2yH

Y, YH = ygH.

The Higgs-induced gauge-response form is positive semidefinite of rank three, with field-coordinate
kernel Cgl(RQ). In canonical neutral coordinates this gives one electromagnetic null direction
and one nonzero Z-response direction, while the charged directions are W*. The same generator
reconstructs the inherited electric-charge ratios; proper local electromagnetic operations remain
quotient-trivial, whereas a nontrivial boundary or asymptotic action requires an actual surface-charge
certificate. The admitted perturbative physical spectrum, the high-energy Goldstone-longitudinal
translation, the Higgs bridge/fixation carrier, the custodial interface, and the phase signature are
then assembled into one presentation-covariant electroweak normal form.
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Document status
Proof order

Direct SYM imports

Structural imports

Successor boundary

Publication edition v1.3.0
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date completeness and exhaustion to SYM-11
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Abstract

The standard phrase “electroweak gauge symmetry is spontaneously broken” compresses several
logically different statements. A gauge-fixed Higgs representative is selected; the gauge-boson response
form develops three nonzero directions; one neutral direction remains massless; electric charge acts on
physical sectors; Goldstone coordinates can replace longitudinal vector legs in a controlled high-energy
amplitude theorem; and a custodial limit can organize selected response relations. Those statements do
not share one quotient status, one acting object, or one structural role. This paper constructs SYM-8 of
the Standard Model Symmetry Arc by separating them and then recomposing them into a fixed-target
electroweak normal form.

For the anomaly-neutral one-Higgs-doublet target with nonzero fixation branch, proper local
gauge transformations identify gauge-related Higgs representatives and prevent a gauge-variant local
expectation value from serving as an ordinary physical order parameter for local gauge redundancy. The
connected annihilator of any representative is one-dimensional and generated, up to normalization, by

Q =T3+2yLHY, YH = yyH.

In the convention yy = 3, this is Q = T3 + Y. The positive-semidefinite gauge-response form induced by
the Higgs kinetic term has rank three and field-coordinate kernel

RQy = C;'(RQ),

where C, inserts the nonzero electroweak couplings. In a canonically normalized neutral basis, the null
and image directions are the electromagnetic and Z-response directions; the charged directions are
W+, The generator Q, linked to the null field direction by C, and the current pairing, reconstructs the
inherited quark, lepton, Higgs, and vector-boson charge ratios. Simultaneous hypercharge and coupling
rescaling leaves the interaction pairing and all physical ratios invariant.

Residual electromagnetism is typed by locus. Proper local electromagnetic operations remain
quotient-trivial gauge transformations, whereas global or asymptotic transformations can act nontrivially
only when a differentiable, integrable, nonzero surface-charge certificate is present. Physical spectrum
claims are stated through BRST cohomology, gauge-invariant correlators, physical amplitudes, and
gauge-independent real or complex pole classes. Their existence is carried explicitly by the target spectral
bundle rather than inferred from response rank alone. Gauge-fixed Goldstone variables are retained as
representatives in the longitudinal construction, with the actual high-energy relation

[ ]cn
k

not as an exact all-energy field identity or an additional physical-particle count.

Only after these QFT statements are fixed is the AASC role map applied. The Higgs field coordinate,
vev, potential chart, gauge choice, neutral basis, and Goldstone chart remain licensed representatives or
downstream response coordinates; none is promoted to an independent Higgs identity or residual-sector
selector. Custodial SU(2)y is imported as a separate global or limit structure and is not identified with
U(1)em. The integrated theorem proves that the quotient fixation class, connected stabilizer conjugacy
class, response rank and coupling-pullback kernel, charge-ratio ledger, residual-action locus split,
certificate-conditional spectrum, Goldstone translation, Higgs-carrier status, custodial status, and phase
signature are invariant under the admitted gauge, basis, normalization, gauge-fixing, and invertible
Higgs-repackaging transformations. A finite fifty-schema rival registry accompanies the paper as an
auditable stress test. It records theorem-backed dispositions for the declared examples, but it is not
promoted into a semantic proof that every possible same-target rival has been generated. Candidate
completeness and whole-arc exhaustion remain the explicit burden of SYM-11.

&’I(V‘“,...,VL“”;X): A", ..., 0"; X)+O0(my/E),
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Proof and certification status

The manuscript separates scientific proof from certification. Imported interfaces retain their source
authority. Stabilizer, response, neutral-basis, coupling, and charge results are proved locally.
Standard QFT theorems concerning local gauge order parameters, BRST physical states, pole gauge
independence, and longitudinal-Goldstone amplitudes are cited and specialized at an explicit target.
The accompanying certification layer checks scope, dependency, provenance, encoded algebra,
artifact identity, reproducibility, and the declared finite rival audit. It supports the theorem but
does not substitute for a semantic proof of candidate completeness or exhaustion.

Exact nonclaim boundary

The result does not derive numerical electroweak parameters; deny the utility of gauge-fixed
fields; identify every elementary-field correlator with a local gauge-invariant composite correlator
nonperturbatively; settle the faithful global electromagnetic subgroup; construct the complete
infrared charged Hilbert space; classify multi-Higgs or strongly coupled electroweak sectors; or
prove the complete Standard Model symmetry atlas. Those are different endpoint types or successor
targets.

ii
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Read this first: arc position and proof spine

SYM-8 is the vacuum and residual-symmetry stage of a dependency-ordered Standard Model symmetry
program. SYM-0 fixes the typed status calculus; SYM-1 separates gauge architecture from quotient-
trivial local operations and supplies the boundary exception grammar; SYM-5 separates physical flavor
limits from weak-basis skin and fixed-tensor stabilizers; SYM-6 supplies the custodial packet and its
deformation ancestry. The Higgs Structural Endpoint Arc fixes the bridge/fixation carrier Cy = Hy,y /sy,
Higgs identity as admissible occupation of that carrier, and the nonpromotion of the field, vev, potential,
pole, scale, or vacuum route into a second primitive identity. The present paper does not reopen those
conclusions. It asks what the selected one-doublet fixation branch forces for the connected residual
generator, gauge-response kernel, physical charge action, perturbative spectrum, Goldstone translation,
and presentation-covariant electroweak normal form.
The arc-wide ordering rule is preserved:

framework-neutral QFT ledger — quotient and observable certificates
— AASC structural role — scope-preserving rival analysis.

7

A role label never supplies the QFT fact it later classifies. In particular, the words “skin,” “carrier,” and
“standing” do not prove that a gauge operation is redundant, that a stabilizer is unique, that a pole is
gauge independent, or that a longitudinal amplitude is represented by a Goldstone amplitude. Those
burdens are discharged before the structural translation.

Scientific proof spine

1. Freeze the reference-complete target Dé{fv, including field content, hypercharge convention,

operator order, nonzero fixation branch, gauge quotient, boundary locus, perturbative regime,
and the explicit spectral premise bundle Sper:.

2. Establish that proper local gauge-related Higgs representatives lie in one physical fixation class
and that no gauge-variant local representative is an ordinary physical order parameter for local
gauge redundancy.

3. Compute the annihilator of the fixation representative and prove that its connected conjugacy
class is one-dimensional, generated by Q = T3 + Y/(2yn).

4. Construct the coordinate-free response form and coupling map from the Higgs kinetic term,
prove ker u = C;l(RQ) = RQ, and rank u = 3, and diagonalize the neutral block into A, and
Zy.

5. Reconstruct the charge-ratio ledger and the electromagnetic coupling projection, with normal-
ization covariance explicitly proved.

6. Split residual electromagnetism into proper-local and boundary/asymptotic loci; attach a
physical-action tag only where a nonzero quotient-level charge certificate exists.

7. Separate algebraic response from dynamical spectral existence, then reconstruct the certificate-
conditional perturbative physical spectrum from Spert and prove gauge-choice covariance of
that packet.

8. State the longitudinal-Goldstone equivalence theorem with its energy regime, finite factor, and
remainder; block double counting and all-energy extrapolation.

9. Import the Higgs carrier and custodial packet, then prove nonpromotion and electromagnetic/-
custodial noncollapse.

10. Assemble the preceding results into the one-doublet electroweak normal-form theorem and audit
a frozen finite rival registry without treating that registry as a proof of semantic completeness.
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Claim hierarchy
The paper distinguishes four levels.

1. Textbook-coordinate facts: formulas in a chosen Higgs orientation, weak basis, neutral basis, and
gauge fixing.

2. Redescription-stable QFT facts: fixation orbit, stabilizer conjugacy class, response rank and kernel,
charge ratios, boundary-locus status, physical pole/cohomology packet, and amplitude relations.

3. Structural role facts: which entries are carrier constraints, physical actions, witnesses, representative
skin, effective routes, obstructions, or target updates.

4. Audit facts: which declared registry rows, dependencies, encoded identities, and artifacts have been
checked. These are integrity and coverage statements about the published project, not independent
proofs that every scientifically possible rival has been generated.

A conclusion at one level is never promoted to another without a stated theorem or certificate.

Dependency-inversion exclusion

The local electroweak derivation is not permitted to assume the endpoint by naming the familiar
Standard Model. Conversely, the endpoint is not required to rederive the entire Standard Model from
no input. The target imports a fixed anomaly-neutral representation and charge architecture. SYM-8
proves what follows for the vacuum, residual action, response, and spectrum at that target. A rival that
changes representation content, scalar content, global form, boundary conditions, operator category, or
quantum regime is a target update, not a same-target counterexample.

One-sentence falsifier

The integrated result fails if a construction at exactly D]}:IV{V satisfies the stated premises yet yields
a different quotient fixation class, connected stabilizer, response rank or coupling-pullback kernel,
charge-ratio ledger, residual-action locus, admitted physical spectrum, Higgs-carrier status, custodial
status, or phase signature without breaking a cited theorem. An omitted same-target rival remains a
legitimate challenge; the finite registry is not used to dismiss it.
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I

Scope, dependencies, and fixed target

1 Arc position, dependency order, and proof ownership

1.1 Why SYM-8 is a separate theorem burden

The local electroweak Lie algebra, the anomaly-neutral matter representation pattern, and the existence of
a Higgs bridge/fixation carrier do not by themselves identify physical electromagnetism. A pre-vacuum
realization may contain an Abelian charge coordinate without having selected the unique connected
stabilizer of a nonzero one-doublet fixation branch. Likewise, a residual-sector syntax can record that a
one-dimensional direction is available while deliberately stopping before it proves the generator Q, the
photon direction, the weak mixing relation, or the physical charge action. This is the exact gap closed
here.
The distinction matters because three different shortcuts would make the conclusion circular.

1. Writing Q = T3 + Y into the target as a definition would make the stabilizer theorem a restatement.

2. Importing the photon and Z as named mass eigenstates would make the response-kernel theorem a
change of notation.

3. Calling the Higgs expectation value an order parameter for “broken gauge symmetry” would assume
that a gauge-fixed representative carries ordinary physical multiplicity.

SYM-8 instead imports only the pre-vacuum representation, coupling, quotient, carrier, and residual-
normal-form interfaces. It then computes the annihilator, response form, charge projection, spectrum
packet, and lawful quotient locally.

1.2 Upstream interfaces

Table 1 records the dependencies actually used. The distinction between imported and locally proved
content is part of the theorem statement, not merely a citation convention.

Table 1: Upstream interfaces and retained boundaries.

Source Imported object Use in SYM-8 Boundary re-
tained

SYM-0 [1] Typed symmetry Fixes the status fields and prohibits ~ Supplies no elec-
record, quotient-action assigning a role before physical quo- troweak stabi-
trichotomy, role vocab- tient and locus are known lizer or spectrum
ulary, target-update fact
rule

SYM-1 [2] Gauge architec- Governs local gauge quotient and Faithful global
ture/operation split; residual electromagnetic locus split ~ form and defect
proper-bulk quo- sectors remain
tient; boundary and open

large-operation sep-
aration; gauge-fixing
no-authority
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Source Imported object Use in SYM-8 Boundary re-
tained
SYM-3 [3] Gauge-anomaly admis- Keeps the target anomaly-neutral Does not select
sibility and obstruc- and prevents an anomalous candi-  the vacuum sta-
tion transport date from being treated as a broken  bilizer
phase
SYM-5 [4] Weak-basis quotient; Prevents Yukawa bases and rephas-  Neutrino target
fixed-tensor stabilizer; ings from selecting the vacuum, remains minimal
invariant flavor data charge ledger, or spectrum unless explicitly
updated
SYM-6 [5] Four custodial targets; Supplies the custodial interface and Custodial ex-
bidoublet repackag- the noncollapse comparison with actness is tar-
ing; diagonal SU(2)y;  electromagnetism get/limit depen-
deformation ancestry dent
SYM-7 [6] Target discipline for Provides a consistency check for No new SYM-8
accidental charges and residual physical charge versus acci- theorem is im-
operator order dental global charges ported
Higgs end- CH = Hypyjfix; identity  Keeps the electroweak fixationand ~ Does not com-

point arc [7, 8,
9,10, 11, 12]

Gauge—
vacuum com-
patibility [13]
Residual-
sector normal
form [14]

Abelian
charge-ratio
rigidity [15]
Standalone
Standard
Model [16]

Realized Phys-
ical Interior
[17]

as carrier occupation;
representative and
route nonpromotion

Vacuum-supported re-
sponse reduction and
gauge-fixing exclusion
Typed residual ledger
after admissible
vacuum-mediated re-
duction

Normalization-skin
discipline and physical
ratio standing

Gauge product, rep-
resentations, hyper-
charges, one-doublet
bridge, anomaly /vac-
uum compatibility
Physical quotient,
particle/pole role,
vacuum and mass-
response distinctions

mass response carrier-indexed

Allows a fixation representative
while denying it independent selec-
tor authority

Supplies pre-SYM-8 residual syntax
and failure classes

Governs hypercharge rescaling and
final unit fixing

Supplies the fixed representation
and charge input used in the local
calculation

Fixes what counts as physical spec-
tral content

pute Q, Ay, or
the physical
charge ledger
Does not iden-
tify physical elec-
tromagnetism
Explicitly stops
before Q, pho-
ton, weak mix-
ing, and spec-
trum

Does not choose
the electroweak
stabilizer
Numerical pa-
rameters remain
inputs

Does not prove
all nonperturba-
tive field/com-
posite correspon-
dences

Imported interface

The direct SYM dependency set is {SYMO0, SYM1, SYM5,SYM6}. SYM-3 is imported through
anomaly neutrality, and SYM-7 is used only as a consistency boundary. The Higgs and residual-
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support manuscripts supply additional structural interfaces. None of these inputs contains the
integrated SYM-8 electroweak normal-form theorem.

1.3 Mainstream quantum-field-theory inputs
The framework-neutral layer relies on standard results whose use is sharply limited.

¢ Elitzur’s theorem blocks an ordinary nonzero expectation value of a local gauge-variant field as a
gauge-invariant order parameter without gauge fixing or an explicitly nonlocal construction [18]. It
does not make gauge-invariant phase structure, Higgs response, or residual charge meaningless.

¢ BRST cohomology supplies a representation of the physical state space after gauge fixing in
perturbative gauge theory [19, 20, 21]. It does not by itself prove the full interacting spectrum.

* Nielsen identities and their Standard Model implementations control gauge-parameter dependence
and support gauge independence of physical pole data, including complex poles under the stated
assumptions [22, 23].

¢ The longitudinal-Goldstone equivalence theorem relates high-energy amplitudes, with finite nor-
malization factors and controlled corrections, rather than identifying fields or particles at all energies
[24, 25, 26].

¢ Gauge-invariant composite-operator expansions provide a nonperturbative and perturbative bridge
between gauge-invariant channels and familiar elementary-field poles in suitable regimes [27, 28].
This paper uses the bridge as an example and does not promote it to an unrestricted universal
equality.

¢ Fradkin-Shenker continuity warns that gauge-fixed labels alone do not define a universal phase
boundary in gauge-Higgs systems [29]. The present phase rule is therefore certificate-relative and
does not claim a complete lattice phase diagram.

1.4 Division of evidentiary labor

The paper uses a three-column proof ledger.

1. Physical antecedent: transformation law, quotient, response form, current or charge, anomaly, pole,
amplitude, or invariant operator.

2. Structural translation: anchor, carrier constraint, bridge, physical action, witness, skin, effective
route, obstruction, or target update.

3. Rival disposition: lawful redescription, incompatible claim, incomplete certificate, target update, or
open same-target burden.

A statement is counted as locally proved only when the first column is established in this paper. Imported
theorems retain their source status. The integrated normal-form theorem composes the physical and
structural results without changing their epistemic provenance. The finite rival audit records the status
of declared examples but is not used as a candidate-completeness theorem.

1.5 Arc handoffs

SYM-8 fixes the connected local one-doublet vacuum, residual-action, response, and certificate-
conditional spectrum normal form. It exports to SYM-9 the generator line RQ, point-particle charge
pairing, local response kernel, and the explicit statement that the faithful global electromagnetic sub-
group, central intersections, line operators, monopoles, theta periodicities, and generalized symmetries
remain unresolved. It exports to SYM-11 a finite set of typed atlas rows, a theorem-backed rival ledger,
and the sector normal-form theorem. Candidate completeness and whole-Standard-Model exhaustion
remain SYM-11 burdens.
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Exact nonclaim boundary

No dependency in table 1 is treated as evidence that the Standard Model is unique under arbitrary
premises. The target is frozen before the local proof. The paper neither derives the observed
representation pattern from the stabilizer nor derives numerical couplings from the charge generator.

2 Fixed target, target fibers, and convention lock

2.1 Reference-complete core target

A vacuum or residual-symmetry claim is not well formed until the theory, quotient, phase, boundary,
operator category, parameter stratum, and spectral premises are fixed. We therefore work with the target

D]{:I\jv = (M1'3/ 9EW, Tmin/ H/ Od§4/ Qproper/ B/ (VU;EO/ Rpert/ Spert/ 8)/ (1)
with the following fields.

Definition 2.1 (One-doublet electroweak target). The target Dllzl\fv consists of:

1. fixed Minkowski background M13;

2. local gauge algebra ggw = su(2);, @ u(1)y, while the faithful global quotient is recorded but deferred;

3. the minimal Standard Model chiral matter multiplets with no right-handed neutrino in the core
target;

4. one complex scalar doublet H ~ (1,2);/; in the internal hypercharge convention;

5. the complete renormalizable operator grammar O <4, anomaly-neutral in the inherited representa-
tion;

6. the proper local gauge quotient Qpoper, sSeparating compact-support bulk operations from large,
topological, or boundary-supported operations;

7. boundary and falloff data 8 sufficient to define the proper and asymptotic loci;

8. a selected nonzero fixation branch Vo, represented when convenient by Hy = (0, )T/ V2 with
v #0;

9. aweakly coupled perturbative regime Rpert in which BRST, pole, invariant-correlator, and high-energy
amplitude certificates are meaningful;

10. the perturbative spectral certificate bundle Spert of theorem 2.2;
11. an evidence packet & recording all imported and local certificates.

The couplings g» and g1 are nonzero but numerically unspecified.

Definition 2.2 (Perturbative spectral certificate bundle). The target datum Spert comprises the dynamical
premises needed to turn the algebraic response directions into physical perturbative sectors:

1. anilpotent BRST complex and an admitted physical-state cohomology;

2. an admitted massless transverse electromagnetic field-strength pole sector;

3. admitted real or complex pole classes for the charged and neutral massive-vector channels in physical
amplitudes;

4. an admitted gauge-invariant neutral scalar correlator/pole channel together with a nondegenerate
radial Hessian on the selected branch;

5. the Nielsen-identity, gauge-parameter-transport, and weak-coupling hypotheses required for the
stated pole and correlator comparisons.

These are target certificates, not consequences of the response-rank calculation. The local algebra fixes
how the admitted sectors are organized, charged, and transported; it does not manufacture pole existence
from rank alone.

10
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The target contains a selected branch rather than a claim that a local gauge-variant expectation value
is itself a physical observable. The representative Hy is a coordinate used to compute the conjugacy
class of the stabilizer and the response form. The physical fixation datum is its quotient class and the
gauge-invariant response information it supports. Likewise, Spert records the perturbative dynamical
sector in which the response-to-spectrum bridge is licensed; it is not smuggled in through the endpoint
theorem.

2.2 Controlled target fibers

Nearby questions are registered as distinct fibers, not silently mixed with the core target.

Table 2: Controlled target fibers.

Fiber Change from Dé{f\, Status in this paper

Dsg puik Proper compact-support local ~Core quotient locus
operations, fixed boundary

Dg 5 Nonvanishing admissible Mixed /physical action locus when certified
boundary /asymptotic param-
eter with differentiable charge

Ds,¢/=0 Set g1 = 0in the appropriate ~ Custodial comparison fiber, not the physical
custodial target core

Dg,,, Add right-handed neutrinos ~ Controlled target update imported through
with Dirac structure SYM-6

Dg =0 Symmetric comparison Comparison target; the nonzero-branch end-
point/branch point does not transport automatically

Dg extr Add scalar multiplets, com- Target update; requires new stabilizer and
posite realization, or portal response analysis
sector

Dg global Fix faithful global quotient, SYM-9 burden
line and monopole spectra,
defect category

Dg nonpert Demand complete nonper- Open neighboring target, not claimed here

turbative charged-state and
spectrum construction

Proposition 2.3 (Target-update separation; SYM8-F01). A change of scalar content, faithful global form,
boundary class, operator category, neutrino field content, quantum regime, spectral certificate bundle, or fixation
branch is not an alternative presentation of DE% It defines a target fiber or a new target and cannot refute a
same-target theorem without an explicit transport map preserving all target fields.

Proof. Each listed datum occurs in the domain of at least one defining map: the physical quotient,
representation action, stabilizer, response form, charge pairing, boundary generator, BRST complex, pole
certificate, or candidate generator. Changing the datum changes the domain or codomain of that map, or
changes the predicate by which a certificate is accepted. Hence the resulting object is not extensionally
comparable under the same ~,qm relation. A comparison may still be scientifically relevant, but it is a
target transport problem rather than a same-target rival. m]

11
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2.3 Hypercharge normalization

Let the Abelian generator act on the Higgs as

YH = yyH. 2)

The internal convention is yy = % A doubled convention Y = 2Y has yu = 1. The covariant derivative is

Dy =9y —igoT*W; —ig1YB,,. 3)
Lemma 2.4 (Normalization covariance; SYM8-F02). Under the simultaneous positive rescaling

&

==, A>0,
A

Y- Y =AY, g1 8
the Abelian interaction ¢1Y By, the stabilizer line, the electric-charge ratios, and the response form are unchanged.
The displayed generator becomes

Q=T3+LY=T3+ 1 Y.

2yH Zy;{

A negative normalization change is the composition of this positive rescaling with the common generator/coupling
sign convention and likewise changes no vertex or ratio.

Proof. The interaction pairing satisfies ¢g|Y’ = ¢1Y. Since y;; = Ayn, the combination Y’/(2y},) equals
Y /(2yn). Every charge ratio is an eigenvalue of this invariant combination after the common electric
unit is fixed. The response form depends on the representation-valued coupling map, which is likewise
unchanged. Therefore the rescaling is a coordinate change in Abelian normalization, not a second
physical charge structure. A simultaneous sign reversal preserves the product g1Y and is separately
recorded as a sign convention. m|

Convention firewall

Throughout the main text, YH = %H and therefore Q = T3 + Y. The formula Q = T3 + Y /2 is used

only when Y =2Yis explicitly declared. Both formulas are never attached to the same unqualified
symbol.

2.4 Canonical field and generator notation

The SU(2) generators in the doublet representation are T* = ¢% /2, with

W1 iw?
T+ =T'+iT2, W= £
H 2
For g1, g2 > 0, define
1 2
Sw = g—, cw = g—, e = Q5w = gicw, 4)
2 2 2 2
\/81 +385 V81t &
and
Au=swW; +cwBy,  Zy=cwW; —swBy. (5)

The symbols sy, cw are structural coordinates determined by the nonzero couplings. No numerical
value of the weak angle is claimed.

12
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2.5 Exact claim ceiling

The target supports algebraic masses

2.2 2, ,2),2
2 _ &Y mz_(31+g2)v

2 _
my, 1 7 1 mA—O,

as consequences of the fixed representative and response form. They are quadratic-response formulas in
the selected target, not by themselves proofs of isolated pole existence and not numerical predictions of v,
g1, &2, pole masses, widths, or radiative corrections. Pole existence and gauge-independent identification
are supplied only when the corresponding entries of Spert are present.

Exact nonclaim boundary

The target does not choose the exact global group [SU(2); x U(1)y]/T, does not specify line
operators, and does not infer an exact global electromagnetic subgroup from the Lie algebra alone.
The connected local stabilizer theorem proved below is compatible with multiple faithful global
completions; those are separated in SYM-9.

3 Lawful presentations, rival loci, and the electroweak normal form

3.1 Why equality of formulas is the wrong equivalence relation

The same physical electroweak structure can be written in unitary gauge or an R¢ gauge, in different
weak-flavor bases, with different hypercharge normalizations, with (W3, B) or (A, Z) neutral coordinates,
or with the Higgs doublet repackaged as a custodial bidoublet. Literal equality would count those
displays as different. An unrestricted assertion of “the same physics” would be too weak because it
could conceal a changed boundary action, anomaly status, current pairing, spectral premise, response
kernel, or carrier. The comparison relation must therefore transport every dependent object together
and preserve the physical quotient and target fingerprint.

Definition 3.1 (Lawful electroweak presentation change). A presentation change at D%Iv{\, is lawful when
it is invertible on its declared presentation domain and preserves the complete physical and structural
interfaces used in this paper. The admitted families are:

1. proper gauge transformations preserving the target and boundary data, acting simultaneously on
the Higgs representative, annihilator, response form, and phase representative;

2. weak-flavor basis changes with the Yukawa and invariant flavor data transported as in SYM-5;

3. hypercharge normalization Y +— AY with contragredient coupling transport g1 — g1/A, together
with the corresponding generator and charge-coordinate change;

4. kinetic-metric-aware neutral-field basis changes, with the response form, current pairing, and
spectrum labels transported by the same basis map;

5. gauge-fixing and Goldstone-chart changes that preserve BRST cohomology, physical amplitudes,
invariant correlators, admitted pole classes, and the selected phase signature;

6. the invertible one-doublet repackaging H <> ® = (H, H), with the Higgs carrier and custodial target
left unchanged.

A transformation of only one displayed component is not lawful when its dependent interfaces are left
behind.

Definition 3.2 (Admissible presentation equivalence). Two electroweak presentations are related by
~adm When they are connected by a finite composition of lawful presentation changes from theorem 3.1.
This relation identifies representations of one physical construction; it does not identify target changes,
failed physical certificates, or genuinely different quotient-level content.

13
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3.2 Canonical normal-form packet

The endpoint is not one preferred gauge or one preferred Lagrangian display. It is represented by the
packet

Cgw = ([HO]QO,,;/ [u(l)Q]conj/ [Q]norm/ Cg/ [[JHO]K; QphyS/ Aem, PphyS/ %/L/ CH, Ceust, thase) . (6)

The entries are the proper-gauge fixation orbit; connected stabilizer conjugacy class; normalized electro-
magnetic generator class; coupling map; response form modulo kinetic-metric-aware basis transport;
physical charge-ratio ledger; locus-split electromagnetic action; certificate-conditional perturbative
spectrum; Goldstone-longitudinal translation; Higgs bridge/fixation carrier; custodial target and
deformation packet; and invariant phase signature. The evidence, dependency, provenance, and
reproducibility records certify the construction but are not themselves components of the physical
packet.

Lemma 3.3 (Presentation covariance). Every lawful presentation change preserves the target, the physical
quotient, and the invariant entries of €gw. Consequently, if E ~agm E’, then E and E’ represent the same
electroweak normal form.

Proof. Proper gauge transformations preserve the quotient fixation class and conjugate the annihilator and
response data together. Weak-basis changes preserve flavor invariants and do not alter Q. Hypercharge
normalization preserves ¢1Y, the annihilator line, and charge ratios. Neutral-basis changes act by the
corresponding congruence and dual current transformation and therefore preserve rank, kernel, and
interaction pairing. Gauge-fixing changes preserve the physical cohomology, amplitudes, invariant
correlators, and admitted poles under the stated QFT hypotheses. The bidoublet map is an invertible
repackaging of the same four real Higgs components and preserves Cy. Each generator of ~,4m, therefore
preserves the listed invariant entries, and so does every finite composition. m|

3.3 Rival loci

A serious rival must first identify the physical locus in which it differs. The finite audit supplied with
this paper is organized by the following ten loci.

Protocol 3.4 (Rival-generation and disposition protocol). For each locus in table 3, a proposed rival
must state its target, acting object, acted-upon object, quotient status, anomaly status, vacuum status,
boundary or global-form dependence, response or spectrum data, and claimed structural role. It is then
classified as:

1. alawful redescription under ~,gm;
incompatible with a proved or imported physical interface;
certificate-incomplete;

a controlled target fiber or explicit target update; or

GOl LN

an open same-target burden.

A proposed same-target rival is never rejected merely because it is absent from the published registry.
Its absence is a coverage challenge, not a physical refutation.

3.4 Certification boundary

The project includes a manually curated fifty-row rival registry. Each row records the target relation,
decisive theorem or certificate, and audit disposition for a concrete challenge. This is useful evidence
that the principal failure modes have been addressed consistently and that the manuscript, tables, and
source ledger agree. It is not a proof that the ten loci contain every semantically possible electroweak
construction, nor that a finite table establishes universal uniqueness. Those stronger claims require an
independent candidate-completeness theorem and belong to the SYM-11 capstone.

14
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Table 3: Rival loci used by the SYM-8 audit.

Code Rival locus Typical challenge
VAC Vacuum/fixation a second vacuum from a gauge-related Higgs orientation; a
vev as primitive selector
STAB Stabilizer a different connected generator; a representative-dependent
subgroup
RESP Response form a second null direction; a different rank; basis-dependent
mass claim
CHG Charge a different charge ratio; normalization promoted to physics
ACT Action locus a local residual operation called physical without boundary
charge; a boundary action called pure gauge
SPEC Spectrum a gauge-dependent pole or field component treated as an
independent particle
GOLD  Goldstone an additional physical-particle count; an exact all-energy
field identity
HIGGS  Higgs role the field, vev, potential, or pole promoted over the bridge/-
fixation carrier
CUST Custodial SU(2)y identified with U(1)em; a diagnostic promoted to a
definition
PHASE  Phase/chart a gauge-fixing chart counted as a distinct phase; an invariant

phase change dismissed as notation

Certificate doctrine

The scientific normal-form theorem is established by the mathematical and physical arguments in
the main text. The finite registry, validators, hashes, and hostile checks certify scope, dependency,
provenance, encoded algebra, artifact identity, reproducibility, and the declared audit. They support
the theorem but do not substitute for a semantic proof of completeness or exhaustion.

I1

Framework-neutral electroweak reconstruction

4 Gauge quotient and the local-gauge non-order-parameter theorem

4.1 The language problem

A gauge-fixed electroweak calculation usually begins by choosing an orientation

1 [0
Hy=— , 0.
0 \/E(U) 0 >

The choice is efficient: it makes the vector response matrix transparent, separates a radial coordinate
from angular coordinates, and permits familiar perturbative gauges. The efficiency does not settle the
physical status of the coordinate. A local gauge operation changes Hy while preserving the physical
gauge orbit, and an unfixed local gauge-variant one-point function is not an ordinary gauge-invariant
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order parameter. The correct object is therefore a fixation class with gauge-invariant response certificates,
not an isolated vector in field-coordinate space.

4.2 Proper local gauge quotient

Let X,+0 denote the regular nonzero-Higgs configurations in the selected perturbative neighborhood,
and let G 5 be the group of smooth electroweak gauge transformations that are homotopic to the identity
in the admitted bulk locus and equal to the identity at the boundary specified by 8. The quotient map is

dproper : Xv;tO — Xv#O/gO,B-

A transformation outside Gy 5 is not assigned this status automatically. Large, topological, or boundary-
supported transformations are separate records.

Definition 4.1 (Fixation class). A fixation class is a quotient class [H]g, , together with the gauge-invariant
local response and spectrum certificates required by DI} . A bare expectation value in a chosen gauge is
a representative coordinate of the class, not the whole fixation datum.

Theorem 4.2 (Proper local gauge quotient). For every g € Gy 5 and every admitted configuration x € Xyzo,

Qproper(g “x) = qProper(x)-

Consequently, two Higgs orientations related by a proper local gauge transformation do not define two physical
electroweak vacua at the core locus.

Proof. This is the defining quotient relation, but its applicability is nontrivial: anomaly neutrality, fixed
boundary data, and the exclusion of large/topological transformations are required for the operation to
be an admitted proper gauge arrow. Those conditions are part of Dé{fv and the imported SYM-1 interface.
Once they hold, gauge-related representatives lie in the same orbit by construction, and every physical
observable admitted by the quotient has the same value on the two representatives. m]

4.3 Order parameters and gauge variance

An ordinary order parameter for spontaneous breaking of a global symmetry is a physical observable or
a limit of observables whose vacuum expectation value transforms nontrivially under a physical action.
A local gauge-variant field component fails that criterion at the proper bulk locus because the local
gauge operation is quotient-trivial. Elitzur’s theorem supplies the standard quantum-field-theoretic
obstruction to interpreting an unfixed local gauge-variant expectation value as a nonzero gauge-invariant
witness [18].

This does not prohibit all vacuum diagnostics. Gauge-invariant composites, response ranks, pole
spectra, long-range behavior, Wilson or line observables when admitted, and boundary charges can
distinguish physical regimes. Nor does it prohibit gauge fixing. It prohibits the inference

chosen nonzero gauge-fixed coordinate

;. ordinary physical breaking
of local gauge redundancy.

Theorem 4.3 (Local-gauge non-order-parameter theorem; SYM8-QO01). At Dg puik, no local gauge-variant
Higgs representative H(x), gauge-fixed one-point coordinate (H)¢, or gauge orientation can serve by itself as an
ordinary physical spontaneous-breaking order parameter for local electroweak gauge redundancy. Its admissible
physical use factors through the proper-gauge fixation class and gauge-invariant response, spectrum, or correlation
certificates.

Proof. Suppose a submitted local gauge-variant quantity O were an ordinary physical order parameter
for the local gauge action. Then there would exist ¢ € G 5 and a physical quotient class [x] such that the
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transformed value distinguished [g - x] from [x]. But theorem 4.2 gives [g - x| = [x]. Thus the difference
is not a difference on the physical quotient. In a gauge-fixed representation, a nonzero value can still be
used as a coordinate, but its physical conclusions must be transported to quotient-stable response or
observable data. The local gauge-variant quantity alone therefore fails the physical-order-parameter
criterion. m]

Corollary 4.4 (Gauge-fixing no-authority). A gauge-fixing functional, gauge parameter &, or unitary-gauge
elimination of angular coordinates cannot select the physical residual generator, create an additional vacuum,
change the response rank, or alter the charge-ratio ledger without violating the physical certificates of Dg{,

Proof. Gauge fixing chooses a section or local coordinate system on the representative space. A
lawful change of gauge lies in PreSS(DéI‘f\/) only when the physical cohomology, pole, S-matrix, and
invariant-correlation certificates are preserved. Hence it cannot alter the listed quotient-level data. O

4.4 Vacuum orbit versus vacuum manifold shorthand

The phrase “vacuum manifold” may refer to several objects: minima of a gauge-fixed potential, the
orbit of a representative under the gauge group, the quotient of minima by proper gauge operations, or
a global-symmetry coset supporting physical Goldstone modes. These objects need not coincide. In
the core one-doublet gauge problem, the orbit of Hy is useful for computing the stabilizer, but points
on the proper-gauge orbit are not distinct physical vacua. A genuine global symmetry may still be
spontaneously realized in a controlled target; the custodial interface in section 12 is treated separately.

Standard phrase and preserved meaning

Standard phrase Preserved meaning Blocked promotion
“Choose the Higgs vac-  Choose a convenient represen- Representative orientation as a
uum” tative of the selected nonzero second physical vacuum

fixation class

“Break SU(2)r x U(1)y”  The Higgs-induced response
form has a three-dimensional
image and a one-dimensional

stabilizer

Ordinary spontaneous breaking
of quotient-trivial local opera-
tions

“Unitary gauge removes
Goldstones”

“Residual U(1)”

A gauge choice eliminates angu-
lar coordinates from that presen-
tation

A connected annihilator and
electromagnetic physical-action
packet survive

Physical particles literally
deleted by a representative
choice

Every local residual gauge oper-
ation becomes a physical global
action

4.5 What remains physically nontrivial

The theorem removes multiplicity from gauge-related representatives; it does not remove the gauge
architecture that licenses transport, curvature, charge, and the response form. The following objects

remain nontrivial:

the representation map of su(2); ® u(1)y on the matter and Higgs fields;

the connection, curvature, and covariant derivative;

anomaly cancellation and BRST consistency;

the annihilator and response form induced by the nonzero fixation class;

the global or boundary charge action where the quotient locus admits it;
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¢ the gauge-invariant or gauge-independent physical spectrum.

The architecture/operation distinction is therefore positive: quotient-trivial operations coexist with
load-bearing gauge structure.

4.6 Controlled Abelian-Higgs comparison

A one-complex-scalar Abelian model makes the quotient logic visible without the non-Abelian book-
keeping. Let

1 .
L= _ZFHVFW + |DM(P|2 - V(|(P|2)/ Dyp = (dy —igAu) -

A gauge-fixed chart may write

p(x) = i(v + h(x))e™ /e,

V2
The local phase of ¢ changes under ¢ — e'*¥ ¢, while the gauge field transforms so that D¢ is covariant.
For a proper local transformation the pair (¢, A;) moves within one gauge orbit. The representative
value ¢ = v/V?2 therefore cannot by itself distinguish physical vacua. Nevertheless, insertion into the
kinetic term produces

1
|D#(p|2 ) Egzva#A”,

which is a nonzero response in the sole gauge direction. The response algebra is one-dimensional and
its kernel is zero. There is no residual connected local gauge direction in this toy target, even though a
gauge-fixed nonzero scalar coordinate exists. This comparison isolates two lessons.

First, a nonzero representative does not automatically imply a residual group. The residual structure
depends on the annihilator of the representation. Second, quotient-triviality of local gauge operations
does not erase the response. Gauge-invariant observables such as |¢|?, suitable field-strength correlations,
and physical pole data can distinguish the selected regime while the local phase remains representative.

The electroweak calculation differs because the one-doublet representation has a one-dimensional
annihilator. The same logic therefore yields a rank-three form rather than a full-rank one. The photon is
not inferred from the word “Higgs”; it is the kernel forced by the electroweak weights.

4.7 Gauge-invariant witnesses and nonlocal dressings

A local gauge-variant expectation value is not the only possible vacuum witness. Depending on the
target, one may use:

¢ expectation values or correlators of local gauge-invariant composites such as H tH;

¢ the spectrum and pole structure of gauge-invariant channels;

¢ the rank and kernel of the response form, expressed invariantly;

¢ Wilson, 't Hooft, or other extended operators when the operator category admits them;

¢ asymptotic charges and long-range fields at a specified boundary;

¢ nonlocal dressed charged fields with an explicitly declared dressing and infrared regime.
These witnesses answer different questions. H'H can detect radial structure but does not by itself
identify the electromagnetic generator. A Wilson loop can probe screening or confinement properties
but depends on representation, global form, and line-operator content. A dressed charged field can
create a gauge-invariant charged excitation but introduces a nonlocal or asymptotic structure that is not
a local order parameter. The response form and charge ledger used in this paper are selected because
they are exactly the certificates required for the one-doublet residual problem.

This distinction prevents a common overcorrection. From “a local gauge-variant vev is not a physical
order parameter” it does not follow that the gauge-Higgs regime has no invariant physics. What follows
is that the physical statement must be moved to the correct observable or quotient level. The entire
SYM-8 construction is that move, performed without discarding the efficient representative language.
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4.8 Ward identities and the architecture/operation split

Gauge architecture constrains the quantum theory even when proper local operations are quotient-trivial.
Infinitesimal gauge redundancy gives identities among Green functions and, after gauge fixing, Slavnov—
Taylor or BRST identities. Anomaly cancellation is required for those identities to define a consistent
quantum gauge system. The Higgs-induced response form is built from the covariant derivative fixed
by that architecture. The electromagnetic Ward identities and charge conservation in the admitted
perturbative sectors are then associated with the residual generator and its physical action.

These facts explain why “gauge is only redundancy” is too compressed. The operation can be a
redundancy while the differential identities, representation constraints, connection, curvature, charge
pairing, and boundary generators are indispensable. The role map therefore assigns skin to the proper
local operation, not to the complete gauge architecture.

4.9 Representative utility theorem

The no-order-parameter theorem is compatible with unrestricted use of a gauge-fixed representative
when the following transport condition is met. Let s¢ be a local gauge-fixing section labeled by &, and let
F¢ be a quantity computed in that chart. The quantity has admissible physical use when there exists a
quotient-level object Fppys and a certificate

Te . F,g > Pphys
such that for any two admitted charts &, &,
1¢(Fe) = te(Fer).

Examples include a gauge-independent complex pole, an S-matrix element, the response rank, or a
gauge-invariant correlator. The chart quantity need not be invariant pointwise; it must have a verified
descent. This is the precise sense in which gauge-fixed calculations are preserved while representative
promotion is blocked.

Failure condition

Theorem 4.3 would fail at the declared locus if a proper local gauge operation changed a certified
physical observable, boundary charge, topological sector, or physical state. Such an operation would
then have been misclassified as proper-local and must be moved to the appropriate boundary, large,
or topological record. The theorem is not protected by relabeling; it is protected only by the explicit
locus conditions.

5 The connected electromagnetic stabilizer

5.1 Coordinate-free annihilator

Let Vi = C? be the Higgs representation space and
pH : 9w — u(Vpy)

the infinitesimal representation, including the hypercharge action. For a nonzero representative h € Vy,
define

Ann(h) = {X € gew | pu(X)h = 0}. @)
If W’ = g - h, equivariance gives

Ann(h’) = Adg Ann(h).

Thus the literal subalgebra depends on orientation, but its conjugacy class does not. The physical
residual datum is the connected conjugacy class, together with its action on the inherited representation
and its boundary locus.

19



SYM-8: Electroweak vacuum fixation and residual-spectrum rigidity Amos Jay Maley

5.2 Explicit calculation
Choose

1 {0
Hy=— , v#0,
‘/5(0)

and write
X=mTh+ah+ IZ3T3 +bY.

Using T, = 0,/2 and YH = ygH,

v a1 —1iap
XHy= — . 8
0 242 (—a3 + ZbyH) ®)

The annihilator equations are
a1 = O, ay = 0, as = ZbyH.

Hence
Anl‘l(H()) =R (T3 + LY) . 9)
2yH

Theorem 5.1 (Connected stabilizer uniqueness; SYM8-Q02). For the nonzero one-doublet fixation class
in DELL, the connected annihilator in the electroweak gauge algebra is one-dimensional. Its conjugacy class is
represented by
1
u(l)Q =RQ, Q=T +—Y.
2]/H

In the convention yy = 3, Q = Ts + Y. Any other connected one-dimensional stabilizer of the same fixation class
and representation is conjugate to this line; any stabilizer of different dimension changes the target or the fixation
stratum.

Proof. Equation (8) shows that the annihilator of the representative is exactly one-dimensional and is
spanned by Q. For any other representative H| = ¢Hj in the same proper-gauge orbit, equivariance
gives Ann(Hj) = Adg Ann(Hp). Thus the connected conjugacy class is independent of orientation. A
submitted stabilizer with an additional independent generator would contain an X ¢ RQ annihilating Hy,
contradicting (8). A zero-dimensional stabilizer would omit Q, which directly annihilates Hy. Therefore
the connected stabilizer class is unique at the fixed target. m]

Corollary 5.2 (Generator normalization). The stabilizer theorem fixes a line, not an absolute unit. Multiplying
Q by a nonzero scalar changes the charge unit and coupling coordinate inversely. The physical point-particle
charge ratios are fixed after one conventional unit, such as Q(er) = —1, is chosen.

Corollary 5.3 (Representative covariance). The statement “the lower component is neutral” is coordinate-
dependent, while the statement “the fixation class has a one-dimensional annihilator whose inherited action yields
the electromagnetic charge ratios” is redescription-stable.

5.3 Connected local result versus faithful global subgroup

The calculation takes place in the Lie algebra and determines the identity component locally. Expo-
nentiating Q inside a chosen global gauge group may involve central identifications and a nontrivial
intersection with the faithful matter representation. Different quotients of SU(2);, x U(1)y can share
the same local algebra and point-particle action while differing in line operators or monopole sectors.
Accordingly, the theorem is stated as a connected local stabilizer theorem. The exact global subgroup
and its defect-sensitive completion are exported to SYM-9.
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Exact nonclaim boundary

Theorem 5.1 does not prove that the faithful residual group is literally a direct-product copy of U(1)
for every global-form target. It proves the one-dimensional connected annihilator and its action on
the admitted local field representation. Global identifications remain target data.

5.4 Abelian-Higgs comparison

The same logical structure already appears in the Abelian Higgs model. A nonzero charged scalar
representative can be fixed in a convenient gauge, but the gauge orientation is not a physical vacuum label.
The response form can acquire full rank in the one-dimensional gauge algebra, leaving no connected
local gauge stabilizer. The comparison shows that “nonzero scalar” does not automatically imply a
residual U(1); the electroweak residual direction is a consequence of the representation weights and the
one-doublet annihilator equations.

5.5 Falsification test

A genuine same-target counterexample must supply a second line RX C ggw that annihilates the same
nonzero one-doublet fixation class, acts consistently on the inherited fields, and is not conjugate or
normalization-equivalent to RQ. Equation (8) makes the burden explicit: such an X must solve the three
annihilator equations without being proportional to Q. No such solution exists.

6 Gauge-response rank, kernel, and the neutral A/Z normal form

6.1 Coordinate-free response form and coupling map
The Higgs kinetic term
(D,H)'D'H

induces a positive-semidefinite quadratic form on the real gauge-field coefficient space. It is important
not to identify that space literally with the symmetry-generator algebra after the couplings have been
inserted. Let agw denote the real coefficient space with basis represented by (Wl, W2, Wws, B), and define
the coupling isomorphism

Cg P Qpw — GEW, Cg(w”Ta + bY) = gQZUaTa + glbY (10)
Because g1, g2 # 0, C, is invertible. Define
L, (1) = pu(Cgqu) Ho, u € agw,

and
pH, (1, w) = 2Re(Ly,(u), Ly,(w)). (11)

This is the gauge-boson mass-response form in a coordinate-free guise. It is not a numerical pole-mass
matrix; it is the tree-level quadratic response induced by the fixed branch. The map C; is part of the
response certificate because it links the field-coordinate kernel to the generator that acts on matter.

Lemma 6.1 (Kernel-stabilizer correspondence). For nonzero g1, g2,
ker py, = Cg'(Ann(Ho)) =RQq, Qg = Cg'(Q). (12)

In the general hypercharge convention,
1 1

= —T3 +
0 2y

Foryg = %, its neutral coefficient vector is proportional to (g1, §2), the photon null vector in the (W3, B) basis.

Qs
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Proof. Positive semidefiniteness gives pp,(u, u) = 2|| pH(Cgu)Hollz. Hence u € ker up, exactly when
Cqu € Ann(Hp). This proves the first equality in (12). Since C, is an isomorphism and Ann(Hp) = RQ
by theorem 5.1, its inverse image is the one-dimensional line RC;(Q) = RQg. Applying C;l to the
coefficients of Q = T3 + Y/(2yn) gives the displayed formula. In the core convention, (1/g2,1/g1) is
proportional to (g1, §2), as claimed. O

Theorem 6.2 (Gauge-response rank and kernel; SYM8-Q03). At Dé{fv, the Higgs-induced gauge-response
form has
rank g, = 3, dim ker up, = 1.

The kernel is the coupling pullback RQ, = C;l(RQ) of the electromagnetic stabilizer line, and the image contains
two charged and one neutral massive response directions.

Proof. The gauge-field coefficient space has real dimension four. By theorem 6.1, its kernel is one-
dimensional. Rank-nullity therefore gives rank three. Because C, is an isomorphism, the field-coordinate
preimages of the two charged generator directions are outside the kernel. In the neutral coefficient plane,
any line independent of RQ, maps to a generator outside Ann(Hy), giving the remaining neutral image
direction. Thus the image decomposes into two charged and one neutral response directions. m]

6.2 Canonical matrix calculation

With ygy = %, insertion of Hy into the kinetic term yields

g§UZ +TA7— 02 3 2
-Eresp = TW“ WH + g(gZWy - ngy) . (13)
In the neutral basis (W3, B u), the mass-squared matrix is
2 2 _
m2=2| & T8 (14)
-8 &

Its determinant vanishes and its trace is v*( g% + g%) /4. The normalized eigenvectors are

2
(SW) with eigenvalue 0, ( ‘w ) with eigenvalue v—(g% +85)-
cw —Sw 4

They define A, and Z,, as in (5).

Theorem 6.3 (Neutral normal form; SYM8-Q04). Among neutral field coordinates with canonical kinetic
metric, the response form has one and only one null direction. The normalized field-coordinate representative of Q¢
is, up to sign and lawful orthogonal basis transport,

Ay =swW; +cwBy,
and the orthogonal image direction is

Z, = cwW, = swBy.
The associated tree-level response eigenvalues are

2
0
my =0, my= (g +g),

)
while my,

= g30° /4.

Proof. The explicit diagonalization gives the stated eigenvectors and eigenvalues. Uniqueness follows
because the neutral matrix has rank one for nonzero v, g1, §2; its nullspace is therefore one-dimensional.
Any kinetic-metric-preserving change of neutral coordinates carries the matrix by orthogonal congruence
and transports its kernel and image without changing their dimensions. Thus a different lawful basis

gives the same null line and massive line, not a second physical photon or Z. m]
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6.3 Basis covariance and interaction pairing

Not every invertible 2 X 2 matrix is an admissible neutral-field redescription. A lawful arrow must
transport the kinetic metric and the coupling-to-current map together. Let N be a neutral coordinate
change. If the field vector transforms as V’ = NV, then the kinetic form, response form, and current
coupling must be pushed forward consistently. A candidate that diagonalizes the response matrix while
changing the current pairing is not the same physical packet.

Proposition 6.4 (Full neutral-packet covariance). Let (K, M, ]) be the neutral kinetic metric, response matrix,
and current-coupling covector. Under an invertible change V' = NV, the transported packet is

K'=NTKN™', M =NTMN™, ] =N

If N preserves K and all three objects are transported, then kernel, image, pole content, and current pairing are
equivalent. Testing only one eigenvector is insufficient.

Proof. Substitution of V = N~1V” into the quadratic kinetic and response terms and the linear current
coupling gives the formulas. Congruence by an invertible matrix preserves rank and maps the kernel
bijectively. The current pairing is preserved only when the covector is transported as shown. m|

Response certificate

The canonical response certificate records: matrix dimensions; symmetry and positive semidefi-
niteness; determinant and rank; an explicit kernel basis; a complementary image basis; the kinetic
metric; the forward and inverse basis maps; and both transformed current pairings. The project
validator checks these identities symbolically.

6.4 Degree-of-freedom identity

Before fixation, four massless gauge fields contribute 4 X 2 = 8 transverse polarizations, and one complex
Higgs doublet contributes four real scalar coordinates, for a total of twelve perturbative coordinate
degrees of freedom. After the response reorganization, one massless vector contributes two polarizations,
three massive vectors contribute nine, and one radial scalar contributes one, again totaling twelve:

4.2+4=1-2+3-3+1=12.

The identity is a bookkeeping check, not an independent proof of the physical Hilbert space. The BRST
and spectrum certificates in section 9 supply the physical interpretation.

Exact nonclaim boundary

The tree-level response eigenvalues are not asserted to be exact pole masses. Radiative corrections,
renormalization schemes, unstable-particle complex poles, and nonperturbative effects belong to
the spectrum certificate. The rank/kernel theorem is the structural content used by the endpoint.

7 Electromagnetic generator, coupling projection, and charge-ratio ledger

7.1 The generator and the neutral interaction

In the internal convention, Q = Tz + Y. Inverting (5) gives

3
Wpl = SwAH + sz‘u, B# = CwA‘u - Swzy.
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The neutral interaction becomes
g2T3Wﬁ + 81YB, = (g2swTs + g1ewY)Au + (g2ew T3 — g15wY)Zy, (15)
2
= eQA, + Cg—w(n —$2,0)Z,. (16)

The first term links the massless field-coordinate kernel RQ, to the generator line RQ through C,, and
shows that the normalized massless direction couples universally with e to the physical electric-charge
operator.

Proposition 7.1 (Electromagnetic coupling projection). For nonzero g1, g2, the neutral interaction admits the
unique kernel/image decomposition (16). The coefficient of the massless direction is eQ, where e = gasw = g1cw.
Any lawful neutral-basis or hypercharge-normalization change transports this pairing without changing the charge
ratios.

Proof. Substitute the inverse rotation and use Q = T3 + Y, gosw = gicw = ¢, and gisw = gzs‘z,\, /cw.
Uniqueness follows from the one-dimensional kernel and image of the neutral response matrix together
with the fixed current-coupling map. m]

7.2 Matter and Higgs charge ratios

The inherited one-generation representation ledger is
QL ~ (3/ 2)1/6/ UR ~ (3/ 1)2/3/ dR ~ (3/ 1)—1/3/
Ly ~(1,2) -1y, er~(1,1)-1, H~(1,2).

The core target contains no right-handed neutrino. The symbol ur denotes the color-triplet up-type
singlet and must not be replaced by vg. Applying Q = Tz + Y gives the point-particle charge ratios in
table 4.

Table 4: Electromagnetic charge-ratio ledger in units fixed by Q(er) = —1.

Field/sector (T3,Y) Q=T:+Y
Qr = (ur, dr) (£3, ¢ $-3)

URr (0/ %) %

dr 0,-3) -3

Ly =(vy,eL) +3,-3 0,-1)

er 0,-1) -1

H = (H*, HY +1,1 (1,0)

W= adjoint commutator +1

A Z neutral generators 0

7.3 Gauge-boson charge
Because the Abelian generator commutes with SU(2) and
[T5, T*] = +T7,

we have
[Q,T*] = +T*. (17)

Thus the charged vector directions carry charges +1, while the neutral generators commute with Q. The
conclusion is representation-theoretic and is independent of the neutral field basis.
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Theorem 7.2 (Residual charge action and ratio rigidity; SYM8-Q05). At Dgfv, the connected stabilizer line,
neutral response kernel, and inherited matter representation determine one electromagnetic charge-ratio ledger up
to a common nonzero unit and overall sign. Fixing Q(er) = —1 yields table 4. No weak-basis transformation,

gauge choice, admissible hypercharge normalization, or neutral-field rotation changes those ratios.

Proof. Theorem 5.1 fixes the generator line; theorem 2.4 removes Abelian normalization as a physical
degree of freedom; applying the generator to each inherited irreducible representation fixes all eigenvalue
ratios. Weak-basis transformations act among identical gauge representations and commute with the
gauge-charge action, so they cannot alter the eigenvalues. Gauge choices change representatives, not
the representation map. Neutral-field rotations transport the current pairing as in theorem 6.4. The
remaining common scale and sign are fixed by the conventional electron unit and orientation. m]

Corollary 7.3 (Yukawa neutrality). The inherited renormalizable Yukawa monomials are neutral under Q.
This is a consistency consequence of the charge ledger and the fact that the neutral Higgs component occupies the
fixation direction; it is not an independent selector of Q.

7.4 Normalization skin and physical charge

An Abelian generator can be multiplied by A while the coupling is divided by A. That freedom is genuine
but representational. It does not imply that charge ratios are arbitrary. The physical content lies in the
pairing eQ, the ratios of eigenvalues, the action on states and local operators, and the boundary charge
where admitted. A normalization convention becomes physical only after a unit is tied to an operational
charge measurement; it does not generate the pattern.

Excluded alternative: ug /vy field substitution

The project validator treats the minimal singlet up-quark field ug and a right-handed neutrino vr as
different registry objects. Replacing one by the other changes color representation, hypercharge,
Yukawa grammar, anomaly contributions, and the target. Such a substitution cannot pass as
typography or a basis change.

Exact nonclaim boundary

The theorem fixes the charge ratios inside the inherited representation target. It does not derive
the entire representation pattern from the Higgs stabilizer, determine the numerical value of e,
establish electric-charge quantization for every global-form/monopole completion, or prove the
exact infrared charged-state spectrum.

8 Residual electromagnetism: proper-local and boundary loci

8.1 One name, two quotient statuses

The phrase “residual U(1)em” is incomplete unless the action locus is specified. A compact-support
local transformation generated by a function a(x)Q that vanishes at the admitted boundary is a gauge
operation on representatives. A transformation whose parameter approaches a nonzero value at infinity,
or acts nontrivially on admitted boundary data, can carry a differentiable surface charge and act on
physical charged sectors. The same Lie-algebra direction therefore supports different records at different
loci without contradiction.

Let 6, denote the infinitesimal electromagnetic gauge variation. In a canonical description its
generator has the schematic form

Gla] = />; aGo + Qilal, as)
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where G is the Gauss constraint and Q, is the boundary term required for differentiability. When
@)z = 0, the surface term vanishes and the generator is a constraint on physical states. When the
boundary value is admitted and Q, # 0, the transformation can act nontrivially on the physical quotient.

8.2 Proper-bulk result

Proposition 8.1 (Proper-local electromagnetic operation). At Dgpuk, a compact-support electromagnetic
gauge transformation preserving the fixed boundary and topological data is quotient-trivial:

Gproper(€*? - X) = Gproper(¥).

Its role as an operation is representative skin, while the electromagnetic connection, curvature, Gauss constraint,
massless response direction, and charge pairing remain structural or physical data.

Proof. The operation is an element of G 5, so theorem 4.2 applies. The second sentence follows because
quotient-triviality of an operation does not remove the representation, covariant derivative, response
kernel, or gauge-invariant observables licensed by the gauge architecture. m]

8.3 Boundary and asymptotic result

Proposition 8.2 (Boundary/asymptotic electromagnetic action). At Dg y, an electromagnetic transformation
receives a physical-action tag only if the target admits its boundary behavior and a quotient-level certificate shows
that the differentiable charge Q|| is nonzero on at least one physical sector. In that case the transformation acts
on charged states or boundary observables and is not identified with the proper-local operation.

Proof. A nonzero differentiable surface charge changes the value of a physical boundary observable or
labels a charged sector. Such a transformation therefore fails the quotient-trivial criterion. Conversely, a
nonvanishing parameter without a well-defined nonzero charge is insufficient; the physical-action tag
requires the certificate, not the parameter name. m]

Theorem 8.3 (Residual electromagnetic locus split; SYM8-Q06). The residual electromagnetic packet at DLt
is the typed product

trivial conditional physical
ﬂem = (ﬂpr;g;)aer/ ﬂa 7 CQ ’ ?Tuevm/ Qphys) ,

where proper local operations are quotient-trivial, boundary/asymptotic operations are physical exactly when
certified, and the electromagnetic architecture and charge ledger remain load-bearing in both records. No single
unqualified status may replace this product.

Proof. Combine theorems 8.1 and 8.2. The two records have different target loci and quotient results, so
they cannot be merged into a single bit. The common generator line and architecture explain why the
same notation occurs, while the boundary certificate determines the physical action. m]

8.4 Charged sectors and superselection

In perturbative scattering language, Q grades matter and vector fields and constrains allowed vertices.
In a more exact infrared treatment of a theory with a massless photon, charged states require attention
to Gauss-law tails, soft radiation, and dressing. The present endpoint does not construct the complete
infraparticle Hilbert space. Its physical charge claim is the local /operator and asymptotic charge action
certified at the declared perturbative and boundary scope. The massless electromagnetic field and
point-particle charge ledger are real physical structure even though the construction of exact charged
asymptotic states is more subtle than a free Fock-space label.
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8.5 Why this is not “leftover notation”

The following data are invariant under lawful presentations:
¢ the generator line that annihilates the fixation class;
¢ the one-dimensional kernel of the neutral response form;
¢ the charge ratios on the inherited representations;
¢ electromagnetic Ward identities and selection rules;

the massless field-strength sector;

the existence or absence of a certified boundary charge in a given locus.

A notation-only residue would not constrain all these objects simultaneously. The residual action
theorem is therefore a positive physical theorem with a locus-qualified operation status.

Two forbidden summaries

7

The paper rejects both “all residual electromagnetic transformations are physical global symmetries’
and “residual electromagnetism is pure gauge notation.” The first ignores the proper-local quotient;
the second ignores charge, curvature, the massless response kernel, and certified asymptotic action.

Exact nonclaim boundary

The boundary theorem is schema-level until a specific asymptotic or finite-boundary phase space,
falloff condition, and differentiable charge are supplied. The core endpoint asserts the locus rule
and the point-particle charge action; it does not claim one universal boundary algebra for every
spacetime or infrared completion.

9 Gauge-invariant physical spectrum and response-degree count

9.1 What the spectrum claim must mean

A list of gauge-fixed Lagrangian fields is not yet a physical spectrum. A reference-grade spectrum
statement must identify a physical state, a gauge-invariant operator channel, an S-matrix pole, a gauge-
independent real or complex pole, or a BRST cohomology class. The appropriate certificate depends on
the excitation and regime. This paper therefore separates two inputs that are often conflated:

1. the algebraic response packet, derived locally from the Higgs representation and nonzero couplings;
and

2. the perturbative spectral certificate bundle Spert, fixed as target data in theorem 2.2.

The response calculation fixes rank, kernel, neutral directions, and charge labels. It does not by itself
prove the existence of isolated physical poles. The bundle Spert supplies the dynamical existence and
gauge-transport premises needed for the physical spectrum statement.

Definition 9.1 (Certificate-conditional perturbative physical spectrum packet). Given Spert, the packet
Pphys contains:
1. the admitted massless electromagnetic transverse field-strength pole sector associated with the
response kernel;

2. the admitted charged and neutral massive-vector real or complex pole classes, with physical
transverse and longitudinal polarizations represented in BRST cohomology and physical amplitudes;

3. one admitted neutral gauge-invariant scalar correlator/pole channel, supported by a nondegenerate
radial Hessian on the selected branch, with examples such as H tH;

4. the inherited charged matter sectors and their Q-eigenvalues, subject to the perturbative and infrared
scope stated in section 8;
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5. no independent physical ghost, gauge-fixing, or Goldstone-coordinate occupant.

The word “admitted” records target certification. The theorem below reconstructs the unique organization
and lawful presentation orbit of these sectors; it does not derive the bundle from the response matrix.

9.2 BRST and cohomological criterion

In a perturbative gauge-fixed formulation, physical states are represented by the cohomology of the
nilpotent BRST charge, schematically

Hphys = ker Qprst/im Qprsr-

Gauge, ghost, and would-be Goldstone coordinates can occur in intermediate expressions without
defining additional cohomology classes. The quartet mechanism and related constructions provide the
conventional basis for the cancellation of unphysical degrees of freedom [19, 20].

The cohomological statement is not used as a substitute for dynamics. It tells us how to avoid
counting gauge-fixing coordinates as physical states. Pole positions, residues in physical amplitudes,
and gauge-invariant correlators provide the additional dynamical certificates carried by Spert.

9.3 Gauge-parameter independence of poles

Gauge-fixed propagators can depend on &, and individual off-shell Green functions generally do. Nielsen
identities control this dependence and imply gauge independence of physical pole positions under the
assumptions of the formalism. For unstable particles the complex pole, rather than a gauge-dependent
real “on-shell” parameter, is the appropriate invariant object [22, 23].

Proposition 9.2 (Gauge-choice covariance of the admitted pole packet). Let two gauge-fixing choices lie in
the same admissible perturbative chart and satisfy the BRST and Nielsen-identity hypotheses included in Spert.
If their physical real or complex poles are connected by the corresponding gauge-parameter transport, then they
represent one entry of Ppnys, even when off-shell propagators and field residues differ.

9.4 Gauge-invariant operator channels

Useful local gauge-invariant operators include
On=H'H, 0,=H'DH,

and custodially organized variants. Expanding Oy around a convenient representative produces a
leading term proportional to the radial coordinate, explaining why the gauge-invariant scalar channel
and the familiar Higgs propagator can share a pole in the weakly coupled regime. Frohlich-Morchio—
Strocchi-type expansions sharpen this relation in suitable gauge-Higgs systems [27, 28].

The expansion is a bridge, not an identity of bare fields. The operator H'H is gauge invariant; the
elementary radial coordinate is gauge dependent. Their correlators can have related leading pole
structure without being identical functions in all regimes. The existence of the admitted scalar channel
is a clause of Spert; the expansion identifies its relation to the familiar perturbative coordinate.

9.5 Response directions and physical polarizations

The rank-three response form identifies three gauge directions that acquire nonzero quadratic response.
Conditional on the vector entries of Spert, BRST and pole certificates identify those directions with three
massive vector sectors, each with three physical polarizations. Conditional on the electromagnetic
entry, the kernel direction is represented by one massless vector sector with two physical transverse
polarizations. Conditional on the scalar entry, one neutral radial scalar channel is present. The bosonic
response/polarization count is then

IX3+1x2+1=12,
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which matches the coordinate reorganization described in section 6. This equality is a compatibility
check after the spectral premises are fixed, not an existence proof for the poles.

Theorem 9.3 (Certificate-conditional perturbative physical-spectrum reconstruction; SYM8-Q07). Fix
Dg‘f\, including the spectral bundle Spert. Then the quotient-stable perturbative bosonic packet is organized as
one massless electromagnetic vector sector, three massive vector sectors, and one neutral gauge-invariant scalar
response/pole channel. The inherited matter sectors carry the charge ratios of theorem 7.2. Gauge-fixing, ghost,
and would-be Goldstone coordinates do not add independent physical occupants. The packet is invariant under
admitted gauge-fixing and field-basis changes when expressed through BRST cohomology, physical amplitudes,
gauge-invariant correlators, and the real or complex pole classes certified by Spert.

Proof. The response theorems SYM8-Q03 and SYM8-Q04 supply one null and three nonnull gauge
directions and fix their electromagnetic, charged, and neutral labels. They do not prove pole existence.
The bundle Syt independently supplies a nilpotent BRST complex, the admitted photon field-strength
pole, admitted W* and Z real or complex pole classes, and an admitted neutral scalar invariant-
correlator/pole channel with nondegenerate radial Hessian. In the resulting perturbative BRST
description, unphysical gauge, ghost, and angular coordinates are absent from cohomology or cancel
in physical amplitudes; the nonzero response directions organize the three admitted massive-vector
classes, while the kernel organizes the admitted electromagnetic class. The scalar certificate identifies
the neutral scalar channel, and theorem 7.2 fixes the matter and vector charge labels. Gauge-parameter
and field-basis transports preserve the physical cohomology, amplitudes, invariant correlators, and
admitted pole classes by the certificates in Spert. Hence every admitted presentation reconstructs the
same physical packet. m]

9.6 Unstable particles and exact language

The W, Z, and Higgs are unstable in the observed theory. The manuscript therefore uses “sector,”
“response direction,” and “pole class” where an exact stable one-particle state would be misleading. A
complex pole and its physical residue structure can still organize scattering and resonance phenomena.
This vocabulary strengthens, rather than weakens, the gauge-invariant conclusion.

9.7 Sector-by-sector certificate map

The normal form does not use one universal notion of “particle.” Each sector carries the strongest
certificate appropriate to its physics.

9.7.1 Electromagnetic sector

The algebraic certificate is the unique null direction of the response form and the universal coupling
eQ. The perturbative dynamical certificate, explicitly included in Spert, is a massless transverse pole in
gauge-invariant electromagnetic field-strength correlations and physical amplitudes. The asymptotic
certificate is the action of the electric charge where the boundary phase space admits it. A complete
infrared charged-state construction is not required to identify the massless field-strength sector.

9.7.2 Charged massive-vector sectors

The charged response directions are fixed by T* and carry Q = +1. In a renormalizable gauge their
propagators, Goldstone mixing, and ghosts are gauge dependent off shell, but physical amplitudes
and the admitted complex pole classes are gauge independent under the standard identities. The
longitudinal mode is not a fourth polarization; it is one of the three physical polarizations of a massive
spin-one response sector. The Goldstone representative used at high energy is linked by theorem 10.2.
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9.7.3 Neutral massive-vector sector

The Z direction is the unique neutral image direction orthogonal to the photon with respect to the
canonical kinetic metric. Its coupling is the transported current g>(T3 — s5,,Q)/cw. This pairing, not the
letter Z, identifies the sector. A neutral basis that swaps labels or changes signs is lawful only if the
response, current, and pole maps are transported together.

9.7.4 Scalar sector

The radial coordinate / is a useful perturbative field, while H'H is a local gauge-invariant scalar operator.
Expanding in a convenient chart gives

1
H'H = 5(0 + h)? + angular-chart terms arranged gauge invariantly,

so the connected correlator contains a leading contribution proportional to the radial propagator. The
physical claim is the target-certified existence of a neutral scalar response/pole channel in the selected
regime, not literal identity of the elementary and composite fields.

9.7.5 Fermionic sectors

Chiral matter fields are gauge covariant and carry the charge ratios fixed in table 4. In perturbative
scattering they label charged external sectors after the usual dressing and infrared qualifications.
Mass eigenvalues and flavor mixing are downstream of Yukawa tensors and weak-basis quotienting;
their numerical values are not determined here. Electric charge commutes with lawful flavor-basis
transformations, so the charge ledger is generation independent even when the mass basis changes.

9.8 Pole, residue, and state distinctions

A pole position, residue, and asymptotic state are related but not identical concepts. Stable particles can
correspond to isolated real poles and one-particle states. Unstable electroweak resonances are more
properly described by complex poles and physical scattering residues. Gauge-fixed propagator residues
can be gauge dependent even when a complex pole is not. The spectrum packet therefore stores:

1. the channel or representation label;

the physical pole class, real or complex as appropriate;

the amplitude or gauge-invariant correlator in which it is detected;
the gauge-parameter transport certificate;

SN

the stability and infrared qualification.

A submission that supplies only a field name or a gauge-dependent propagator parameter is certificate-
incomplete. This discipline is essential to the normal-form theorem: apparent extra “particles” generated
by gauge choices disappear when the physical certificate is demanded, while a genuinely new certified
pole or state would constitute new same-target physical content.

9.9 Why the response count and spectrum packet are both needed

The response rank is an algebraic fact and is insensitive to many dynamical details. It ensures that three
gauge directions receive nonzero quadratic response and one does not. It does not by itself prove that
every response direction produces an isolated physical pole in every regime. Conversely, a numerical
spectrum list without the response map would not explain why the massless and massive directions
are linked to the stabilizer and charge generator. The endpoint therefore contains both objects and a
compatibility condition between them.

At the selected target, Spert supplies the admitted perturbative sectors, and the local response theorem
proves their unique organization: the three nonzero response directions correspond to the W* and
Z pole classes, while the kernel corresponds to the massless photon sector. A more strongly coupled
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target might require different gauge-invariant composite labels and could alter spectral details without
changing the local response algebra. Such a target would need a new spectral bundle and cannot be
silently substituted for Rpert.

9.10 Nonperturbative boundary

A fully nonperturbative theorem would have to specify the operator algebra, state construction, phase,
lattice or continuum definition, faithful global form where needed, and infrared charged sectors. It
might use gauge-invariant composite operators rather than elementary fields as its primary spectrum
labels. The local normal-form theorem does not require that stronger result. It requires that every
admitted perturbative presentation preserve the same target-certified physical packet under the declared
QFT hypotheses.

Exact nonclaim boundary

No universal theorem is asserted that every elementary electroweak field has an exactly identical
local gauge-invariant composite counterpart with the same full correlator. The claim is limited to
the gauge-invariant or gauge-independent channel and pole reconstruction licensed by Spert in the
selected weakly coupled phase.

10 Goldstone-language translation and longitudinal vector content

10.1 Angular coordinates in a gauge-fixed chart

Near a nonzero representative one may write, schematically,

H(x) = % exp(w) ( 0 ) , (19)

v v+ h(x)

within a local chart. The fields 71" are angular coordinates along gauge directions. Different gauges
distribute them differently among scalar, gauge, ghost, and mixing terms. In unitary gauge they are
absent from the displayed scalar multiplet; in R¢ gauges they appear with gauge-dependent masses and
propagate in intermediate diagrams.

The coordinate role is real and useful. It is not an independent physical particle count at the core
gauge locus. The physical longitudinal polarization of a massive vector is represented by a cohomology
class and scattering amplitudes; the n* fields are calculational representatives connected to that content.

10.2 BRST status and double-counting prohibition

In a renormalizable gauge, the gauge-fixing function typically couples d - V? to n*. The unphysical
scalar, longitudinal gauge, and ghost coordinates belong to the BRST complex. Counting the three 7"
fields in addition to the three longitudinal vector polarizations would count one construction twice.

Proposition 10.1 (No independent Goldstone occupant at the gauge locus). At DL, the gauge-fixed
would-be Goldstone coordinates " do not define three additional physical particle sectors beyond the longitudinal
polarizations of the massive electroweak vectors. A candidate that counts both fails the physical cohomology and
degree-count certificates.
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10.3 The high-energy amplitude theorem

For external longitudinal vector bosons with characteristic energy E > my, the equivalence theorem has
the schematic renormalized form

AWV, ..V X) =

[ cak) AWGY, .., ¢"; X) + Olmy [E), 20)
k=1

where ¢ is the corresponding gauge-fixed Goldstone field and C, is a finite normalization factor
determined by the renormalization convention and mixing structure [24, 25, 26]. The equality concerns
amplitudes in a stated regime, not equality of local fields or exact state identities.

Theorem 10.2 (Goldstone /longitudinal translation; SYM8-QO08). The SYM-8 Goldstone packet is a typed
translation
Tc/r = (Rang, Cerst, Pr;
CLZ/ E/mV/ Rm/E)/

where Rang is the gauge-fixed angular chart, Cprsr its cohomological status, Py the longitudinal physical sector,
and R, /g the correction certificate. At the gauge locus, ¢ is a representative used to compute longitudinal
amplitudes and does not add an independent physical occupant. In the high-energy regime the amplitudes satisfy
(20). Outside that regime, the correction terms must be retained and no exact replacement is inferred.

Proof. The nonoccupancy clause follows from theorem 10.1 and the BRST physical-state criterion. The
amplitude clause is the imported equivalence theorem under its stated kinematic and renormalization
hypotheses. The packet records the finite factor and remainder, so the relation is transported without
promoting it to a field identity or all-energy theorem. m]

10.4 Gauge and global target split

The Goldstone theorem for a spontaneously broken global continuous symmetry concerns a physical
current, a vacuum not invariant under a physical action, and massless excitations under its assumptions.
The electroweak would-be Goldstone coordinates at the proper local gauge locus do not satisfy the same
quotient structure. In a controlled global custodial or chiral target, physical Goldstone modes can occur.
The word “Goldstone” therefore requires a target and action-locus tag.

Table 5: Gauge-locus and global-locus Goldstone statements.

Field Gauge-locus statement Global-locus statement

Action Proper local redundancy, quotient- Physical global action on states/opera-
trivial tors

Vacuum Gauge-related orientations one quo- ~ Vacuum may fail to be invariant physi-
tient class cally

Mode Angular gauge coordinate; longitudi- Physical massless Goldstone mode
nal representative when assumptions hold

Mass Gauge-dependent coordinate mass in  Protected /controlled by global sym-
R¢ gauge metry realization

Translation High-energy amplitude relation with  Nonlinear realization and current

corrections

algebra

10.5 What “eaten” preserves

The shorthand “the vector eats the Goldstone” preserves a degree-of-freedom reorganization: a massless
vector with two polarizations and an angular scalar coordinate are represented after fixation by a massive
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vector with three physical polarizations. It does not mean that an independently standing physical
particle is consumed by another particle. The phrase is admissible when accompanied by this translation.

10.6 Failure modes

The following mutations are explicitly rejected:

—_

. replacing O(my /E) by zero at arbitrary energy;
2. dropping the finite factors C, beyond a convention where they are unity;

W

using an off-shell Green-function relation as an on-shell S-matrix theorem;

L

counting ¢” and V' as independent physical sectors;

5L

transferring the gauge-locus conclusion to a global-symmetry target.

Exact nonclaim boundary

The theorem does not deny the calculational importance of Goldstone fields, ghost fields, or R¢
gauges. It denies only their promotion into extra physical occupants or an exact all-energy field
identity at the core target.

II1

Structural integration

11 Higgs bridge/fixation compatibility and the no-promotion theorem
11.1 Imported Higgs endpoint

The Higgs Structural Endpoint Arc fixes a standing-bearing carrier
CH = Hpy/fix (21)

for the same-scope order-to-deformation and mass-response role. It further fixes Higgs structural
identity as admissible occupation of that carrier and proves that field, vev, potential minimum, pole
mass, running coordinate, scale, vacuum branch, and extension descriptions do not supply independent
primitive identity grounds [7, 8, 9, 10, 11, 12]. In compact form,

Idy = Ocep,,(Ch), Surv%r;m(AttrH \Cy) = 0. (22)

These are imported endpoint statements. SYM-8 uses them to type the electroweak fixation and response
construction; it does not use them to prove the QFT stabilizer or response matrix.

11.2 The local bridge map
The one-doublet electroweak construction defines a local map
Bs : ([Holg,,,, pr, Dy) v (Ann(Hp), pry, Pohys), (23)
followed by the charge and locus maps
(Ann(Ho), ) F— (Q, Qphys, Aem)-

The domain includes the fixation class and inherited gauge representation. The codomain contains
the stabilizer, response, spectrum, charge, and action packets. Under a lawful presentation arrow, the
domain and codomain are transported together. The map is therefore a factorization through the Higgs
carrier role, not a declaration that the literal coordinate Hy is primitive.
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11.3 Representative and response catalogue

The following entries remain indispensable to calculations but have different structural statuses.

Table 6: Higgs-associated entries in the SYM-8 construction.

Entry Raw physical role SYM-8 standing status

Scalar doublet H Local field representative Licensed representative of Cy, not a second
and carrier realization identity ground

Gauge-fixed Hy Convenient fixation coor- Representative of [Holg,,
dinate

v Response coordinate/- Carrier-indexed scale representative; not primi-
electroweak input tive scale

Potential chart V(H) Encodes local interac- Downstream description/route; not residual-
tions and branch struc-  selector authority
ture

Radial field h Perturbative coordinate =~ Representative connected to a gauge-
for scalar channel invariant/pole channel

Pole mass/width Physical response mea-  Downstream spectrum witness; not Higgs iden-
surement tity

Goldstone coordinates Longitudinal calculation Translation coordinates; no extra occupant

P* representatives

Custodial bidoublet ®  Invertible repackaging of Same carrier, enlarged display for target-limit
one doublet symmetry

Theorem 11.1 (Higgs bridge compatibility and no promotion; SYM8-A01). Every same-target Higgs-
associated entry used in the SYM-8 normal form factors through the inherited bridge/fixation carrier Cy and the
local map (23). No field coordinate, vev, potential chart, radial coordinate, Goldstone chart, pole datum, gauge
choice, or custodial repackaging acquires independent selector authority for the vacuum, stabilizer, charge ledger, or
spectrum. A submitted Higgs object that does not preserve Cy, the one-doublet target, and the quotient certificates
is either representative-only, role-incomplete, or a target update.

Proof. The local QFT construction uses the Higgs representation and fixation class to produce response
and residual data. By the imported Higgs endpoint (22), any same-scope identity-bearing use must
occupy Cy, while the listed coordinates and measurements are representatives or downstream routes.
The normal-form compatibility predicate also requires preservation of the fixation orbit, response
rank/kernel, charge pairing, physical spectrum, and target. Therefore a coordinate can be changed
lawfully only when those data are transported. If it is claimed to select them independently, the claim
reverses the established dependency and fails the carrier or quotient certificate. If the object adds new
scalar content or changes the carrier role, it leaves D}S{f\, m]

Corollary 11.2 (No vev selector). The value and orientation of a gauge-fixed vev cannot, by themselves, determine
Higgs identity or physical electromagnetism. The value enters the response scale, while the representation and
fixation class determine the annihilator and rank structure.

Corollary 11.3 (No pole selector). A measured scalar pole is a physical response witness in the admitted channel,
but it does not ground the Higgs carrier or the electroweak residual generator. The carrier and representation are
logically upstream of the pole assignment.
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11.4 Vacuum route status

The Higgs vacuum-route manuscript distinguishes route availability from standing closure:
RouteAvailp, (v) = StandingClosed, (v).

SYM-8 uses only the selected local nonzero fixation branch. It does not infer global vacuum stability,
metastability, tunneling lifetime, thermal history, or baryogenesis. A lower branch or alternative thermal
phase may be physically meaningful in a richer target while remaining downstream of the same carrier
or defining a target update.

11.5 No dependency inversion

The Higgs endpoint does not prove the electroweak response rank by structural fiat. The rank is locally
computed from the representation and kinetic term in section 6. Conversely, the successful computation
does not replace the Higgs identity theorem with the statement “whatever gives this mass matrix is the
Higgs.” The two results have different burdens and compose in a fixed order:

Higgs carrier and identity — one-doublet fixation representation

— response and residual packet — downstream measurements.

Same response does not automatically mean same carrier

A BSM scalar sector may reproduce some tree-level masses while changing field content, custodial
structure, couplings, higher operators, global form, or spectrum. Such a construction is not a
same-target rival merely because one matrix agrees. It must either exhibit a carrier-preserving
equivalence of the full target or be registered as a target update.

Exact nonclaim boundary

The theorem does not deny scalar-field ontology, experimental Higgs identification, or the utility
of the potential and vev. It denies only their promotion to an additional primitive identity or
residual-sector selector independent of the bridge/fixation carrier and physical certificates.

12 Custodial interface and electromagnetic noncollapse

12.1 One doublet, two useful presentations

Define

H =i0H", @ =(H,H).

For one Higgs doublet, ® is an invertible repackaging of the same four real coordinates. It does not add
a second scalar carrier. In the appropriate scalar-limit presentation, the potential can be organized by a
left-right action

@ - U DU, (U, UR) € SUQR)L x SUQ2)R,

with the common central Z; acting trivially, so the faithful scalar action is
[SU2)r X SU(2)r]/Z2 =~ SO(4).

This is an imported SYM-6 interface [5].
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Table 7: Custodial target packet imported from SYM-6.

Target Exact/defining conditions Retained qualification
Scalar target One-doublet scalar kinetic/po- No claim about full gauge and matter sec-
tential structure in the custodial  tors
form
Gauge-Higgs tar- g1 = 0 with the one-doublet Hypercharge gauging is a distinct deforma-
get scalar sector tion
Minimal-matter g1 = 0, aligned quark Yukawa Missing vr obstructs a naive full right dou-
target tensors, lepton-sector qualifica-  blet
tion
Dirac-neutrino Add vg, set g1 = 0, impose quark  Explicit target update with its own flavor
target and lepton Yukawa alignments packet

12.2 Target-indexed custodial packet

Custodial symmetry is not one unqualified property of the observed Standard Model. The upstream
packet distinguishes at least four targets.
For a representative (®) = vI/V2, the stabilizer in the covering group is the diagonal subgroup

SUQ)y ={U, uU)}.

Because the common center has already been divided out in the faithful scalar action, the faithful
stabilizer image is
SUR)y /{xI} = SOQ@)v.

The conventional label “custodial SU(2)y” refers to this diagonal cover unless the faithful quotient
is being discussed explicitly. The roles must remain separated: the left factor overlaps with gauged
electroweak architecture; the right factor is global in the target; and the diagonal image organizes
physical responses only in the appropriate exact or approximate limit.

12.3 Deformation ancestry

The custodial packet records distinct sources of departure rather than one generic “breaking.” Relevant
coordinates include:

hypercharge gauging ¢1 # 0;
up/down Yukawa splittings, including the large top /bottom difference;

lepton and neutrino field content and Yukawa structure;

the absence of a right-handed neutrino in the minimal target;

higher-dimensional operators;
¢ renormalization-group transport and loop effects.

Each source has a different target and tensor ancestry. A diagnostic such as p =1 or T = 0 may follow in
a limit but is not equivalent to the full custodial symmetry statement.

12.4 Why custodial and electromagnetic stabilizers differ

The connected electromagnetic stabilizer algebra 1(1)g is the annihilator inside the gauged electroweak
algebra at the physical nonzero branch. Its proper-local operations remain gauge redundancy, while its
global/asymptotic charge action grades physical sectors. The custodial packet instead comes from the
faithful global left-right action SO(4), with diagonal faithful stabilizer image SO(3)y, and is available
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only in controlled scalar/gauge/Yukawa limits. Their dimensions, actions, exactness conditions,
deformation ancestry, and quotient loci differ.

Theorem 12.1 (Electromagnetic/ custodial noncollapse; SYM8-A02). At DL, the electromagnetic residual

packet Aem and the custodial packet Ceyst are not isomorphic symmetry records:
Aem # Coust, dimu(l)gp =1, dim so(3)y = 3.

The first is fixed by the one-dimensional annihilator and charge action of the electroweak gauge representation.
The second is an exact or approximate global/limit symmetry whose diagonal cover is conventionally denoted
SU(2)y and whose faithful stabilizer image is SO(3)y under the conditions of table 7. An equality of selected
mass relations or a common use of the word “stabilizer” does not identify them.

Proof. The electromagnetic record has generator algebra 11(1)g, acts with the charge ratios of table 4, and
is exact as a gauge architecture at the core target with locus-split operation status. The custodial record
has faithful diagonal stabilizer SO(3)y (or diagonal cover SU(2)y), requires the target restrictions in
table 7, and is deformed by nonzero hypercharge and generic Yukawa data. The records have different
dimensions and different actions on the fields. Their status vectors therefore differ in acting object,
target, quotient locus, exactness, and deformation fields. They cannot be one record under the SYM-0
calculus. m]

Corollary 12.2 (Diagnostic firewall). The tree-level relation p = 1, a small oblique T parameter, or an approximate
vector-mass pattern can diagnose custodial protection in a declared regime but cannot define custodial symmetry or
prove the full custodial target conditions.

12.5 The physical core and the custodial limit

The observed one-doublet electroweak theory can be close to custodial in selected observables while
not possessing exact full custodial symmetry. The endpoint therefore retains the packet as an interface
rather than deleting it. This illustrates a central arc principle: an approximate or limit symmetry may be
physically powerful without being primitive or exact in the full target.

Excluded alternative: diagonal subgroup as residual gauge group

Replacing the electromagnetic generator by a generator of the custodial diagonal cover (or its
faithful SO(3)y image) fails immediately: the custodial action is not an alternative one-dimensional
annihilator inside the physical gauged algebra, does not reproduce the electric-charge ledger, and
requires a different target and acting object. It is not a second residual electromagnetic solution.

Exact nonclaim boundary

No numerical electroweak precision fit is performed, and no claim is made that custodial symmetry
is exact in the observed Standard Model. The paper imports the exact target packet and its controlled
deformation map only.

13 Phase versus symmetry: invariant signatures and gauge-fixed charts

13.1 Why a gauge chart is not a phase

Two gauge choices can make the same physical electroweak regime look different. In one chart the
scalar expectation value is explicit; in another a local order parameter may vanish; in unitary gauge
angular coordinates disappear; in an R¢ gauge they propagate. A phase statement that changes with
these choices is not yet physical. Conversely, the absence of a local gauge-variant order parameter does
not imply that no physical response or spectrum distinction exists.
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13.2 Invariant phase signature

For the limited purpose of SYM-8, define the signature
thase = (dlm ker Y, rank u, QphyS/ pphys; ﬂem/ Oinv; B/ R) ’ (24)

where Oj,y denotes the admitted gauge-invariant correlation/response data, 8 the boundary/global
locus, and R the quantum/energy regime. The signature is not claimed to classify every nonperturbative
gauge—-Higgs phase. It is the invariant packet required to decide whether two presentations in this
manuscript describe the same selected electroweak phase.

Definition 13.1 (Same SYM-8 phase). Two presentations are in the same SYM-8 phase class when they
have the same target and their signatures Zjhase are connected by lawful presentation arrows preserving
the listed certificates.

13.3 Gauge-fixed chart rule

Theorem 13.2 (Phase-versus-presentation rule; SYM8-Q09). Let P and P’ be two gauge-fixed or field-coordinate
presentations of Dt If a lawful arrow transports their physical quotient, response rank/kernel, charge ledger,
boundary locus, physical spectrum, and invariant correlation data, then they represent the same SYM-8 phase and
their differences are presentation skin. If one of those invariant fields changes, the difference is physical or a target
update and cannot be dismissed as gauge choice.

Proof. The forward direction is the definition of the lawful presentation groupoid and phase signature.
For the converse, a change in any listed field changes an observable, a physical-action locus, the spectrum
packet, or the target. Such a change cannot be generated by an arrow defined to preserve those data.
Therefore it is not presentation-only. m]

13.4 Worked comparisons

13.4.1 Unitary gauge and R;: gauge

The displayed scalar and propagator content differs, but the response rank/kernel, charge ledger,
physical pole classes, and scattering amplitudes agree under the BRST and Nielsen certificates. The two
charts represent the same phase.

13.4.2 Two Higgs orientations

If H) = gHp with ¢ € Gy 4, then the annihilator is conjugated and the response form transported. The
fixation class and all physical signature fields agree. The orientations are one phase and one physical
vacuum class.

13.4.3 The v = 0 comparison target

At v = 0, the response form vanishes at tree level and the rank/kernel signature changes. This is not a
gauge copy of the nonzero branch. Whether the two regimes are separated by a genuine thermodynamic
or nonanalytic phase boundary in a specified nonperturbative model is a further question; the target has
already changed at the fixation coordinate and response signature.

13.4.4 Added scalar multiplet

An additional scalar can alter the stabilizer, response rank, custodial structure, and physical spectrum. It
is a target update even if a gauge choice makes one component resemble the one-doublet representative.

13.5 Fradkin-Shenker boundary

Gauge-Higgs lattice systems can exhibit analytic continuity between regions that naive gauge-fixed
language might call “Higgs” and “confinement” [29]. This result reinforces the need for invariant
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diagnostics and blocks a universal phase theorem based only on a gauge-variant vev. SYM-8 does not
attempt to classify the complete phase diagram. It fixes one selected weakly coupled phase and proves
presentation invariance inside it.

13.6 Vacuum degeneracy and global symmetries

A genuine global symmetry can produce physically distinct vacua when the action is nontrivial on the
physical quotient and the state is not invariant. The gauge-fixed electroweak orbit does not meet that
criterion at the proper local locus. A custodial or other global target must be evaluated separately with
its own order parameter, current, anomaly, and vacuum certificates.

Phase certificate

Every claim that two electroweak descriptions are the same phase must provide: target identity;
a forward and inverse presentation map; response-rank and kernel transport; charge-pairing
preservation; pole/cohomology correspondence; boundary-locus identity; and invariant-correlation
compatibility. Visual resemblance of potentials or fields is insufficient.

Exact nonclaim boundary

The theorem is not a universal classification of electroweak finite-temperature phases, lattice phases,
crossover behavior, or nonperturbative phase boundaries. It is a same-target presentation theorem
for the selected one-doublet perturbative phase.

14 AASC role map and the SYM-8 atlas

14.1 Role assignment after physical reconstruction

With the framework-neutral objects fixed, the SYM-0 role vocabulary can be applied without circularity.
A single familiar word may generate several rows because roles are locus- and level-dependent. The
atlas records the physical status first and the structural role second.

Table 8: Readable projection of the sixteen-row SYM-8 atlas.

Record Object Quotient ac- Structural role Evidence
tion
SYM8-TARGET-1H-CO  one-doublet elec- not applicable anchor/target local declaration
RE-v1 troweak core target
SYM8-VAC-FIXATION- nonzero fixation orbit  trivial on bridge/fixation SYM-1 plus local proof
ORBIT-v1 proper quo- witness
tient
SYM8-GAUGE-LOCAL-  local gauge-variant trivial skin operation; SYM-1, Elitzur-type

NONORDER-v1

SYM8-STAB-EM-CONN
ECTED-v1

SYM8-RESP-RANK3-K
ERNEL1-v1
SYM8-NEUTRAL-AZ-N
ORMALFORM-v1

vev is not a physical
order parameter
connected electromag-
netic stabilizer

gauge-response rank
three, kernel one
neutral A/Z normal
form

structural; con-
jugacy class
invariant
nontrivial phys-
ical response
representative
basis; invariant
kernel/image

39

derived theorem

structural residual
architecture

derived witness/
tensor
skin/transport
chart plus physical
witness

source, local proof

local proof

local proof

local proof
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Record

Object

Quotient ac-
tion

Structural role

Evidence

SYM8-CHARGE-Q-GEN
ERATOR-v1

SYM8-CHARGE-POINT
SECTOR-v1
SYM8-EM-PROPER-LO
CAL-v1
SYM8-EM-BOUNDARY -
ACTION-v1

SYM8-SPECTRUM-PER
TURBATIVE-v1
SYM8-GOLDSTONE-LO
NGITUDINAL-v1

SYM8-HIGGS-BRIDGE-
COMPAT-v1

SYM8-CUSTODIAL-NO
NCOLLAPSE-v1

SYM8-PHASE-REPRES
ENTATIVE-RULE-v1
SYM8-NORMALFORM-R
IGIDITY-v1

electromagnetic gener-
ator line

point-sector charge
ratios

proper local electro-
magnetic operation
boundary/asymptotic
electromagnetic action

perturbative physical
response spectrum
Goldstone-
longitudinal trans-
lation

Higgs bridge compat-
ibility and no promo-
tion

electromagnetic/
custodial non-collapse

phase versus presenta-
tion rule

one-doublet elec-
troweak normal-form
rigidity

nontrivial on
charged sectors

nontrivial
trivial

nontrivial
when charge
certificate exists

nontrivial

Goldstone co-
ordinate trivial
as independent
cohomology;
amplitude map
physical
representatives
descend to

one carrier-
compatible
package
different tar-
get/action loci

trivial if signa-
ture preserved
normal-form
invariants un-
changed un-
der admitted
presentation
changes

physical action ar-
chitecture; derived
witness

physical tensor/
action

skin

physical action;
surface-charge wit-
ness

physical states/
witnesses
computational
route plus physi-
cal response

bridge/fixation
carrier; downstream
witnesses

physical action
versus effective/
limit route

skin classification or
target update
integrated normal-
form theorem

local proof plus charge-
ratio import

generated from field
registry

SYM-1 import and
specialization

SYM-1 boundary theo-
rem and specialization

local proof plus QFT
source dossiers
equivalence-theorem
source and local inte-
gration

Higgs arc import plus
local factorization

SYM-6 C01-C06 and
local comparison

local theorem

local and imported
theorem composition

14.2 Multi-role compatibility

Several rows legitimately carry more than one role, but only across distinct levels.

¢ Electromagnetic structure is a residual gauge architecture, a physical charge action on sectors, and a
set of derived Ward identities. A proper local operation remains skin.

¢ The response form is a physical tensor on the gauge-direction space and a witness of the fixation
structure; it is not a new carrier independent of Cp.

¢ Custodial symmetry is a physical/effective global action in its target and a diagnostic organizer in
the physical theory; it is not the electromagnetic gauge stabilizer.

* The Higgs fixation class is a bridge/fixation state, while its displayed vev is a representative

coordinate.

No row is both skin and an unqualified physical action at the same quotient locus.

14.3 Stable identifiers and evidence packets

The sixteen canonical rows each have a stable identifier, target vector, acting object, acted-upon object,
quotient status, anomaly status, vacuum status, boundary locus, scale/energy scope, role, proof source,
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rival disposition, and nonclaim. Finer-grained objects such as the BRST complex, the gauge-fixing
parameter, the individual vector directions, and the custodial diagnostics are manuscript projections
of those integrated rows. They are not silently counted as additional canonical atlas records. The
machine-readable release in data/atlas.csvand data/atlas. jsonis authoritative for the project build;
the validator checks required fields, identifiers, and target joins.

14.4 Role-map covariance

Theorem 14.1 (SYM-8 role-map covariance). If two complete SYM-8 records are related by a lawful presentation
arrow, their quotient status, physical invariant content, and AASC role set agree after transport. A change in
literal formula, basis, gauge, normalization, or repackaging does not create a new role.

Proof. Lawful arrows preserve the target, quotient, anomaly, boundary, response, charge, spectrum,
carrier, and phase certificates by theorems 3.1 and 3.3. The role assignment rules depend on those
certificates: removal, quotient action, physical action, dependency, and target change. Therefore the
role outcome is invariant. If a role changes, at least one certificate has changed, so the arrow was not
lawful. m]

14.5 Representative/invariant firewall

Table 9: Representative coordinates and invariant content.

Representative/route Invariant or quotient-stable content

Higgs orientation Hy Proper-gauge fixation class and stabilizer conjugacy class

Vev coordinate v Response scale relative to fixed renormalized inputs

Neutral fields (W3, B) or One-dimensional kernel, one-dimensional neutral image, trans-
(A,Z) ported current pairing

Hypercharge normalization Pairing g1Y, generator line, charge ratios

Weak flavor basis Mass spectra, mixing invariants, charge action

Gauge parameter & Physical pole/cohomology/S-matrix packet

Goldstone field ¢* Longitudinal amplitude relation and physical vector sector
Custodial bidoublet @ One Higgs carrier and target-indexed global symmetry packet
Potential chart Selected branch and invariant response/correlation data

Exact nonclaim boundary

The role map does not replace the QFT derivations in preceding chapters. A reader who rejects
AASC can still evaluate the stabilizer, response, charge, spectrum, and amplitude results. The
structural layer classifies their dependency and standing; it does not manufacture them.

IV

Normal-form synthesis, rival audit, and theorem boundary

15 Scope-preserving rival analysis and declared finite audit
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15.1 Why arival ledger is still required

The local QFT results establish the electroweak normal form, but a publication-grade argument should
also make its likely failure modes visible. A rival ledger serves three purposes. It distinguishes a
changed target from a same-target objection; it prevents a presentation difference from being mistaken
for new physics; and it records which theorem or certificate bears the weight of each disposition. The
ledger is therefore an audit instrument attached to the scientific proof, not an independent source of
scientific truth.

The decisive question for every proposed rival is not whether it resembles the canonical display.
It is whether it preserves the target and all quotient-level interfaces while changing a physically
invariant entry of €gw. A gauge-rotated Higgs orientation, rescaled generator, weak-basis change,
or neutral-field coordinate change may be a lawful redescription. A second null direction, altered
charge ratio, additional physical Goldstone, or custodial/electromagnetic identification conflicts with
a specific theorem. An extra scalar, different neutrino content, nontrivial global-form completion, or
nonperturbative charged-state construction changes the target.

15.2 Disposition classes
The rival protocol of theorem 3.4 uses the following classes.

Normal-form representative
A convenient canonical display of one entry of Cgyy.

Lawful redescription A different display connected by an explicitly stated transformation that
transports all dependent data.

Physically incompatible
A same-target claim that violates a proved response, charge, quotient, spectrum,
carrier, custodial, or phase interface.

Certificate-incomplete A claim for which the required physical or source certificate has not been
supplied.

Controlled target fiber A nearby parameter limit or branch tracked explicitly but not identified with
the core target.

Target update A change of fields, operators, boundary data, global form, or quantum regime.
Target mismatch A claim that silently imports data excluded by the frozen target.

Open same-target burden
A fully specified same-target claim not resolved by the existing theorem chain.

The final class remains available even when the published audit contains no such row.

15.3 Declared registry

The published rival audit contains fifty concrete schemas distributed across the ten loci of table 3. The
rows include canonical representatives, lawful gauge and basis presentations, malformed transports,
altered rank and charge claims, spectrum and Goldstone overcounts, Higgs-identity promotions,
custodial collapses, target fibers, and explicit target updates. The readable summary is generated from
data/candidate_audit.csv; the complete row-level file remains the authority.
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Table 10: Disposition counts in the declared fifty-row rival audit.

Audit disposition Rows
normal-form representative 10
lawful redescription 11
physically incompatible 16
certificate-incomplete 2
controlled target fiber 4
target update

target mismatch 1
Total declared audit rows 50

Theorem 15.1 (Declared finite rival audit; SYM8-A03). Every row in the published fifty-schema SYM-8 rival
registry has:

1. an explicit target relation;

2. a named physical locus;

3. adecisive theorem, imported interface, or certificate requirement;

4. one audit disposition from the classes above; and

5. an exact nonclaim preventing that row from being promoted into a universal completeness statement.
The registry contains no unresolved internal contradiction among its declared rows.

Proof. The target relation and physical locus are recorded in the rival and candidate-audit files. Canonical
representatives and lawful redescriptions are supported by the presentation-covariance lemma and
the relevant component theorem. Physically incompatible rows are tied to the exact failed interface:
quotient, annihilator, response rank or kernel, charge ratio, boundary action, spectrum, Goldstone regime,
Higgs-carrier provenance, custodial target, or phase signature. Incomplete rows name the missing
certificate. Fibers, updates, and mismatches identify the changed target field. The source and theorem
ledgers provide the cited authority, and the generated table is checked against the machine-readable
rows. This proves completeness of the published row audit. It does not prove that the registry contains
every possible same-target proposal. m]

15.4 Representative examples

Table 11: Representative rows from the declared rival audit; the full fifty-row CSV is authoritative.

Audit ID Challenge Disposition Decisive result Audit basis
VAC-01 canonical nonzero fixation =~ normal-formrep-  SYM8-QO1 complete canonical invari-
representative resentative ant with certified map
family
VAC-02 proper-gauge rotated lawful redescrip- SYMS8-Q01 complete canonical invari-
nonzero representative tion ant with certified map
family
STAB-04 two-dimensional connected  physically incom- ~ SYMS8-QO02 failed required certifi-
stabilizer patible cates: cert_charge; cert_
response
RESP-02 stabilizer-adapted canon- lawful redescrip- SYM8-Q04 complete canonical invari-
ically normalized neutral tion ant with certified map
basis family
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Audit ID Challenge Disposition Decisive result Audit basis
RESP-04 second neutral null direc- physically incom-  SYM8-QO03 failed required certifi-
tion patible cates: cert_charge; cert_
response; cert_spectrum
CHG-03 common sign reversal of Q  lawful redescrip- SYMS8-Q05 complete canonical invari-
and electromagnetic unit tion ant with certified map
family
ACT-04 all residual electromagnetic ~ physically incom-  SYMS8-Q06 failed required certifi-
transformations declared patible cates: cert_boundary
skin
SPEC-04 gauge-dependent real mass  physically incom- ~ SYMS8-Q07 failed required certifi-
parameter treated as invari-  patible cates: cert_spectrum
ant resonance pole
GOLD-04 exact all-energy Goldstone  physically incom- ~ SYMS8-QO08 failed required certifi-
field identity patible cates: cert_phase; cert_
spectrum
HIGGS-04 invertible custodial bidou-  lawful redescrip- SYMS8-A01,SYMS8-  complete canonical invari-
blet repackaging of the one  tion A02 ant with certified map
Higgs carrier family
CUST-03 custodial SU(2)_V identi- physically incom- ~ SYMS8-A02 failed required certifi-
fied with residual U(1)_em patible cates: cert_custodial; cert_
phase
PHASE-04 one-doublet and two- target update SYMS8-F01;,SYMS8- target relation is UPDATE

doublet models identified
as one phase

Q09

The table is intentionally selective in the main text; the full fifty-row register appears in the project

data. Several examples illustrate the governing discipline.

¢ A proper-gauge rotation of Hy is lawful only when the annihilator, response, and phase representative
are conjugated with it.

¢ A rescaling of Q is conventional only when the electromagnetic unit and current pairing are treated
consistently.

* A neutral-field rotation is lawful only when the response form, current, and spectral labels are
transported by the same transformation.

* A gauge-dependent propagator parameter is not a physical mass certificate; a physical pole or
invariant correlator is required.

* The exact custodial limit at g1 = 0 is a controlled target fiber, not the residual electromagnetic group
of the physical core target.

15.5 Counterexample and open-burden protocol

A genuine same-target counterexample must specify Dl{:l\jv without alteration, provide a complete physical
packet, satisfy the imported premises, and show a quotient-level difference not removed by ~aqm. It
must then identify the first failed implication among SYM8-Q01-SYM8-Q09, SYM8-A01, SYM8-A02, or
the integrated theorem SYM8-A04. Such a counterexample is not redirected by label. It reopens the
relevant theorem.

An unregistered proposal is handled in the same way. The author must first determine whether it
changes target or presentation. If neither, it enters the open-burden ledger until its physical status is
proved. This fail-open rule is the correct boundary between a useful finite audit and an exhaustion

claim.
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Exact nonclaim boundary

SYMB8-A03 proves the completeness and internal consistency of the published fifty-row audit. It
does not establish semantic candidate completeness, a universal classification result, or the absence
of every possible same-target rival. Those are not premises of the scientific normal-form theorem.

16 Integrated electroweak normal-form rigidity

16.1 The complete physical packet

The preceding results are assembled without adding a new physical premise. Define

QEW = (DEI\;IV/ [HO]QO,QI [u(l)Q]conj/ Cg/ [[JH()]K/
[Ay]/ [Z,u]/ [Wyi]/ QphySr Aem, PphySI 7~G/L; (25)
Ch, Ceust, thase) .

The brackets on the gauge-field entries denote transported response and pole classes in a declared
canonical kinetic presentation. They do not promote a literal field formula into primitive identity.

For any presentation E of the selected target, let J3(E) denote the tuple of quotient-stable data
appearing in (25): fixation orbit, stabilizer conjugacy class, coupling map, response rank and kernel,
charge ratios, action locus, spectral packet, Goldstone translation, carrier status, custodial status, and
phase signature.

16.2 Component rigidity

Lemma 16.1 (Fixation component). Every admitted presentation contains the same nonzero physical fixation
class up to proper gauge equivalence.

Proof. By SYM8-QO01, proper-gauge-related representatives collapse to one quotient class. A zero branch
or extension branch changes the target fingerprint. A gauge condition or gauge-variant expectation
value has no independent selector authority. m|

Lemma 16.2 (Residual and response components). At Dllalv{v/ the connected annihilator is RQ up to conjugacy

and normalization, and the Higgs-induced response form is positive semidefinite of rank three with field-coordinate
kernel

RQ, = C;'(RQ).

These statements are invariant under kinetic-metric-aware neutral-basis transport.

Proof. The annihilator calculation SYM8-Q02 fixes its dimension and generator line. The response
construction SYM8-QO03 fixes its kernel and rank. The neutral normal-form theorem SYM8-Q04 fixes
one null and one nonzero neutral direction after canonical normalization. Hypercharge normalization
covariance SYM8-F02 preserves the interaction pairing and the relation between generator and field-
coordinate spaces. m]

Lemma 16.3 (Charge and action components). Every admitted presentation contains the electromagnetic
charge ratios of SYM8-Q05 and the proper-local/boundary locus split of SYM8-Q06, modulo a common unit or
sign convention and lawful hypercharge-normalization transport.

Proof. The Higgs-annihilator line and current projection fix Q. Acting on the inherited field registry
fixes all ratios. The normalization transformation preserves g1Y, the generator line, and the ratio ledger.
The residual-action status is not inferred from the group name: proper operations are quotient-trivial,
whereas a nontrivial boundary action requires the surface-charge certificate. m]
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Lemma 16.4 (Spectrum and translation components). At the explicit target bundle Spert, every admitted
presentation reconstructs the same certificate-conditional perturbative physical response spectrum and the same
regime-scoped Goldstone-longitudinal translation.

Proof. The response nullity and charge labels are local results. The BRST, physical-pole, field-strength,
and invariant-correlator existence premises are explicit entries of Spert. Together they determine the
packet of SYM8-QO07. The translation theorem SYM8-QO08 fixes the relation between gauge-fixed angular
variables and longitudinal amplitudes, including finite factors and the O (my / E) remainder. Gauge-fixing
and chart changes preserve the physical certificates under the stated hypotheses. m]

Lemma 16.5 (Structural components). Every admitted presentation preserves the inherited Higgs carriet, keeps
the custodial packet distinct from electromagnetism, and carries the same phase signature.

Proof. The Higgs compatibility theorem SYM8-A01 blocks the field, vev, pole, potential, Goldstone chart,
gauge, or bidoublet display from becoming a second identity ground. The custodial noncollapse theorem
SYMB8-A02 fixes a separate target-indexed global or limit structure. The phase theorem SYM8-Q09
identifies gauge, basis, and chart changes as representative precisely when the invariant physical packet
is preserved. m]

16.3 Integrated theorem

Theorem 16.6 (One-doublet electroweak normal-form rigidity; SYM8-A04). Fix DY, including the explicit

perturbative spectral premise bundle Spert, and assume the imported interfaces listed in section 1. Then:

1. the quotient fixation class has a unique connected electromagnetic annihilator line up to conjugacy and
normalization;

2. the Higgs-induced gauge response has rank three and one-dimensional coupling-pullback kernel, yielding one
electromagnetic null direction and the W=, Z response directions;

3. theinherited electric-charge ratios, the proper-local/boundary action split, the certificate-conditional perturbative
spectrum, the Goldstone-longitudinal translation, the Higgs-carrier status, the custodial status, and the phase
signature are fixed as stated in SYM8-Q01-SYM8-Q09 and SYM8-A01-SYM8-A02;

4. for every lawful presentation change E ~aqm E’,
I3(E) = Is(E’) = Is(Cew).

Thus ordinary gauge, weak-basis, normalization, neutral-basis, gauge-fixing, Goldstone-chart, and invertible
one-doublet repackaging choices do not generate a second physical electroweak occupant.

Proof. Existence follows from the explicit construction: the target and field registries are fixed; the
quotient fixation class is nonempty; the annihilator and response form are calculated; the neutral
directions and current projection are obtained; the charge ratios and residual loci are determined; the
spectral and Goldstone premises are integrated; and the Higgs, custodial, and phase interfaces are fixed.

The first three clauses are exactly the component lemmas above. For the fourth clause, every generator
of ~,am preserves the target and all dependent interfaces by theorem 3.3. The invariant signature
is therefore constant along every finite composition of lawful presentation changes. The resulting
differences are changes of representation, not changes of the physical packet. m]

16.4 What is fixed and what is not

The theorem fixes:
1. the nonzero fixation quotient class;
2. the connected residual generator line and its point-sector charge action;

3. response rank three and kernel one, with the kernel typed in field-coordinate space and related to Q
by C;
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O 0 N O U1 =

. one electromagnetic null direction and three massive vector-response directions;

. the point-sector charge ratios and the equality e = g2sw = g1cw in canonical normalization;
. the proper-local/boundary residual-action split;

. the target-certified perturbative physical sector packet;

. the scoped Goldstone-longitudinal amplitude translation;

. preservation of the Higgs bridge/fixation carrier;

10. noncollapse of custodial and electromagnetic structures;

11.

It

the invariant phase signature.
does not fix a gauge, Higgs orientation, weak-flavor basis, hypercharge unit, sign convention,

neutral-field notation, gauge parameter, Goldstone chart, potential parametrization, or bidoublet display.

16.5 Falsification boundary

The theorem is broken by any one of the following:

A

a same-target nonzero fixation construction with a connected annihilator not conjugate to u(1)g;

a same-target response form satisfying the fixed kinetic and representation data but with different
rank or coupling-pullback kernel;

a charge action preserving all inherited interactions but with different charge ratios;
a residual operation with the same boundary certificate but a different quotient action;

a physical spectrum packet satisfying Spert but incompatible with the response, charge, or gauge-
independence conclusions;

a same-target Higgs, custodial, or phase construction preserving the premises but changing the
invariant role packet;

a claimed presentation transformation that fails to transport its dependent data or fails to preserve a
physical certificate.

target change, unsupported assertion, or alternative notation is not such a falsifier. Conversely, an

omitted same-target construction is not excluded by the finite audit; it must be assessed against these

th

4

eorem burdens.
Endpoint in physics-facing form

At the declared one-doublet electroweak scope, the physical content commonly compressed into
‘gauge symmetry breaking” is a quotient-stable normal form: a Higgs fixation class; a unique
connected electromagnetic stabilizer; a rank-three response with one photon direction; fixed charge
ratios; a locus-sensitive electromagnetic action; a target-certified gauge-independent perturbative
response spectrum; and a controlled Goldstone translation. The field, vev, gauge, basis, and chart
choices are indispensable calculational representations, but they do not multiply the physical
construction when all dependent data are transported lawfully.

Exact nonclaim boundary

The theorem is not a candidate-completeness or exhaustion theorem. It proves the rigidity and
presentation covariance of the one-doublet electroweak construction under its stated premises. A
universal claim that no other same-target construction can exist would require an independent
completeness argument not supplied by the finite registry or validator.

17 Adversarial audit and theorem-breaking burdens
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17.1 Audit rule

A correctness-relevant criticism must identify a false premise, invalid calculation, failed specialization,
non-lawful quotient, unsupported physical certificate, hidden target change, provenance failure, or
same-target construction that violates the integrated theorem. A preference for conventional phrasing,
an objection to AASC vocabulary, or the existence of a legitimate richer theory is not by itself a break.
Conversely, a passing artifact audit does not immunize a scientific claim: the theorem remains answerable
to its mathematical and physical proof.

17.2 Principal objections

Table 12: Principal adversarial objections and exact disposition.

Objection Status Required resolution

A nonzero Higgs vev proves  Rejected. The vev is gauge-variant and chart-

spontaneous breaking of local dependent. Physical content is carried

gauge symmetry. by the quotient fixation class, response
form, and gauge-invariant or gauge-
independent certificates.

Elitzur’s theorem makes elec-  Rejected. It blocks an ordinary local gauge-variant

troweak symmetry breaking order parameter; it does not remove

meaning]less. gauge-invariant phase structure, response,
poles, charges, or boundary actions.

The residual generator is in- Rejected. Q is obtained from the annihilator equa-

serted by hand. tion QHp = 0, with convention-neutral
normalization.

The photon direction is liter- Type error. Q € ggw, while the null field direction lies

ally the same vector as Q. in gauge-field coefficient space and equals
C;'(RQ).

A different A/Z rotation is Qualified. It is a lawful basis change only when the

equally valid. response form, current pairing, kinetic
metric, and spectral labels are transported
together.

All residual electromagnetic ~ Rejected. Proper local transformations remain

transformations are physical. quotient-trivial. A nontrivial action re-
quires the stated boundary or asymptotic
charge certificate.

Gauge-fixed fields are not Overbroad. The spectrum is stated through BRST

observables, so no spectrum cohomology, physical amplitudes, in-

can be stated. variant correlators, and admitted gauge-
independent pole classes.

Response rank proves the exis- Rejected. Pole and invariant-correlator existence are

tence of all physical poles. explicit premises of Spert; rank organizes
them but does not create them.

The Goldstone equivalence False. The theorem retains finite factors, the

theorem is an exact all-energy
field identity.
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Objection Status Required resolution

Custodial SU(2)y is the resid-  False. The two structures have different targets,

ual electromagnetic group. acting objects, dimensions, quotient loci,
and deformation ancestry.

The finite registry proves that = Rejected by de- The registry is a declared audit. Semantic

no other candidate exists. sign. completeness and exhaustion require an
independent theorem and remain down-
stream burdens.

AASC terminology is op- Irrelevant to the The stabilizer, response, charge, spectrum,

tional. QFT spine. and amplitude results stand in conven-

tional language; AASC classifies their
structural roles afterward.

17.3 Dependency-inversion audit

The following inference patterns are prohibited:
¢ using the words “skin” or “carrier” to establish a quotient or spectrum fact;
e using the familiar name U(1)em to bypass the annihilator calculation;
* using a stored audit disposition to prove physical compatibility;
* using response rank to infer spectral existence without Spert;
¢ using a gauge-fixed pole or field count as a quotient-level spectrum certificate;
* using a finite registry or an empty counterexample file as a semantic completeness theorem;
¢ using validator success as a substitute for the proof of SYM8-A04.

17.4 Certification scope
The project certification layer checks only predicates that are explicitly encoded and appropriate to
automation:
1. target, theorem, source, import, atlas, and nonclaim registry well-formedness;
exact rational charge identities and the separation of generator and field-coordinate spaces;
response-matrix rank, null vector, and hypercharge-normalization covariance;
theorem IDs, labels, dependencies, and source locators;
consistency between machine-readable data and rendered manuscript tables;
artifact hashes, clean rebuild, citation resolution, PDF preflight, and visual rendering;

NG »N

hostile corruptions of the encoded algebra, provenance, schema, and publication boundary.

It does not infer whether an unencoded transformation is physically gauge or global, prove that the rival
registry is semantically complete, or pronounce an exhaustion theorem.

Hostile-audit result

The isolated hostile-audit suite passed 16/16 declared corruption tests. The suite confirms that the
encoded target, algebra, provenance, synchronization, nonclaim, citation, overclaim, and manifest
gates fail closed under the registered mutations. It does not simulate every possible physical rival or
replace specialist review of the theorem chain.
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17.5 Theorem-breaking burden

A decisive same-target objection must identify the first failed implication in the scientific chain:

quotient fixation = annihilator = response kernel and rank
= charge and action = certified spectrum

= Goldstone translation = structural integration.

An objection that merely requests a global-form completion, a multi-Higgs theory, a nonperturbative
charged Hilbert space, or a whole-Standard-Model candidate inventory changes the endpoint rather
than breaking this chain.

Referee boundary

The electroweak theorem is accepted or rejected on its physical and mathematical argument.
Certification failures can block publication by showing that the stated proof, source, or artifact is
not faithfully represented. Certification success cannot strengthen the theorem beyond the proof
actually supplied.

18 Conclusion and downstream interfaces

18.1 Scientific conclusion

The one-doublet electroweak phase does not require an ontic breaking of local gauge redundancy. Proper
local gauge-related Higgs configurations represent one physical fixation class. The selected nonzero
branch has a unique connected annihilator line generated by

1
Q=T+ yn Y,
and the Higgs kinetic term induces a positive-semidefinite gauge-response form of rank three whose
one-dimensional field-coordinate kernel is the coupling pullback of that line. In canonical neutral
coordinates, this yields the electromagnetic and Z-response directions; the charged directions are
W#*. Acting with Q on the inherited representations reconstructs the electric-charge ratios, while the
residual action separates quotient-trivial proper-local operations from conditionally physical boundary
or asymptotic transformations.

The response calculation is kept distinct from spectral existence. At the declared spectral bundle
Spert, BRST, field-strength, pole, amplitude, and invariant-correlator certificates organize one massless
electromagneﬁc vector sector, three massive vector-response sectors, and one neutral scalar response
channel. Goldstone coordinates remain legitimate computational representatives of the longitudinal
sectors through the high-energy equivalence theorem, with finite factors and controlled corrections.
They do not create extra physical occupants. The Higgs bridge/fixation carrier is preserved without
promoting the field, vev, potential, pole, or chart into a second identity ground, and custodial SU(2)y
remains a separately typed global or limit structure.

These results assemble into the presentation-covariant electroweak normal form Cgw. Gauge,
weak-basis, hypercharge-normalization, neutral-basis, gauge-fixing, Goldstone-chart, and invertible
one-doublet repackaging choices alter the display but preserve the invariant packet when their dependent
data are transported lawfully.

18.2 Relation to the original SYM-8 plan

The original plan required seven results: local-gauge non-order-parameter status; vacuum stabilizer;
Higgs bridge compatibility; Goldstone translation; residual electromagnetic action; custodial separation;
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and a phase-versus-presentation rule. All seven are established. The manuscript strengthens that target by
adding a coordinate-free response form, an explicit coupling map, a rank/kernel theorem, normalization-
covariant charge reconstruction, the point-sector charge ledger, a precise proper-local/boundary action
split, and a certificate-conditional perturbative spectrum theorem.

The strengthening remains sector-local. It does not move whole-arc candidate completeness or
exhaustion into SYM-8. The accompanying fifty-row rival audit demonstrates that the principal
foreseeable alternatives have been treated consistently, but it is not used as a proof that every possible
same-target candidate has been generated.

18.3 Exports to SYM-9

The following objects pass forward to the global-form and generalized-symmetry analysis:
1. the connected Lie-algebra generator line RQ);

the point-particle charge pairing and charge ratios;

the local response kernel and photon direction;

the proper-local /boundary distinction;

G N

the explicit nonclaim that these data do not determine the faithful global electromagnetic subgroup,
central intersections, line operators, monopole sectors, theta periodicities, one-form symmetries, or
higher structures.

SYM-9 must therefore preserve the local results while deciding which global forms and extended-operator
sectors realize them.

18.4 Exports to SYM-11
SYM-11 may import:
1. the theorem ladder SYM8-F01-SYM8-Q09 and SYM8-A01-SYM8-A04;
2. the complete thirty-field SYM-8 atlas rows;
3. the target, field, charge, source, import, theorem, rival, and nonclaim registries;
4. the declared finite rival audit and its exact non-exhaustion boundary;
5. the presentation-covariant normal-form packet Cgyy.
The capstone must independently prove its own candidate-generation completeness, role coverage,

support-graph minimality, and same-scope rival disposition across the entire symmetry atlas. No local
sector registry may be promoted into that proof merely by aggregation.

18.5 Final statement

The standard electroweak language is retained but typed. The Higgs vev is a useful representative;
the fixation orbit and response form carry the quotient-stable content. The phrase “broken gauge
group” is translated into a connected annihilator, a rank-three response, and a residual physical charge
structure. The photon and Z are not arbitrary names but the null and image directions of the neutral
response with the current pairing transported consistently. Goldstone fields remain indispensable
in perturbation theory without being counted twice. Custodial symmetry remains physically useful
without being confused with electromagnetism. The resulting picture preserves ordinary calculations
while removing the category errors that arise when redundancy, residual action, vacuum fixation,
spectrum, and structural role are compressed into one phrase.

Final endpoint

SYM-8 establishes fixed-target one-doublet electroweak vacuum, residual-action, charge, and
certificate-conditional spectrum rigidity under lawful presentation change. The theorem is grounded
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in the quotient, annihilator, response, charge, spectrum, amplitude, Higgs-carrier, custodial, and
phase arguments. The project artifacts certify that this argument is scoped, sourced, algebraically
encoded, reproducible, and faithfully rendered; they do not replace the argument or elevate the
finite rival audit into an exhaustion theorem.

\%
Audit appendices

A Notation, conventions, and stable theorem identifiers

A.1 Hypercharge convention

The core manuscript uses

. . 1
DH = 8# - ngWﬁTa _lngHY’ YH = EH, Q =T3+Y.

For an arbitrary nonzero Higgs hypercharge coordinate yp, the convention-independent generator is

1

Y.
ZyH

Q:T3+

Under Y — AY, yg — Ayy, and g1 — g1/A, both Q and g1Y are invariant. A common reversal
(Q,e) — (-Q, —e) is a reporting convention. Charge ratios are invariant.

A.2 Core symbols

Table 13: Core notation.

Symbol Meaning

DE\P/I\/ Frozen one-Higgs-doublet electroweak target.

Go,o Proper local gauge transformations compatible with the admitted bound-
ary data.

[Holg,,, Physical nonzero fixation class at the proper local quotient.

Ann(Hy) Lie-algebra annihilator of the chosen representative.

Q Electromagnetic generator line, normalized as T3 +Y in the core convention.

agw Real gauge-field coefficient space, distinguished from the generator alge-
bra after coupling insertion.

Cq Invertible coupling map agw — ggw.

Q¢ = C;l(Q) Field-coordinate representative of the electromagnetic response-kernel
line.

U H, Positive-semidefinite gauge-response quadratic form on agw.

SW, Cw Canonical weak-angle coordinates, sw = g1/ g12 + 83, cw = 2/ g12 + 3.

Ay, Zy, Wﬁ-’ Canonical representatives of the electromagnetic, massive neutral, and
charged response directions.

Qphys Physical point-sector charge-ratio ledger.
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Symbol Meaning

Aem Locus-indexed electromagnetic action packet.

Pphys BRST /pole/amplitude/correlator-certified perturbative physical spec-
trum packet.

To Goldstone/longitudinal translation packet including finite factors and
remainder.

Cy Imported Higgs bridge/fixation carrier Hy,/gix-

Ceust Target-indexed custodial packet imported from SYM-6.

Yphase Invariant SYM-8 phase signature.

Cew Complete canonical electroweak normal-form packet.

Cg(ng{V)audit Declared finite rival registry organized by the ten SYM-8 audit loci.

~adm Lawful presentation equivalence generated by target-preserving gauge,

basis, normalization, gauge-fixing, and repackaging transformations.

A.3 Stable theorem ladder

Table 14: Stable SYM-8 theorem ladder.

ID Result Proof status Dependencies

SYM8-F01 Fixed target and target-update  local target registry; SYM-0
separation

SYM8-F02 Hypercharge normalization local coupling pairing
covariance

SYM8-Qo1 Local-gauge non-order- local+imported SYM-1; Elitzur; FO1
parameter theorem

SYM8-Q02  Connected stabilizer unique- local one-doublet representation; Q01
ness

SYM8-Q03 Gauge-response rank and ker-  local Higgs kinetic term; Q02
nel

SYM8-Q04 Neutral A/Z normal form local QO03; kinetic metric

SYM8-Q05 Residual charge action and local Q02; Q04; F02; representation
ratio rigidity

SYM8-Q06 Residual electromagnetic locus  local+imported SYM-1 boundary grammar; Q05
split

SYM8-Q07 Certificate-conditional per- local conditional Q03/Q04; BRST; admitted pole/cor-
turbative physical spectrum on target spectral relator bundle S_pert
reconstruction bundle

SYM8-Q08 Goldstone/longitudinal transla-  conditional Q07; equivalence theorem
tion

SYM8-A01 Higgs bridge compatibility and  composed Higgs endpoint; Q01-Q08
no promotion

SYM8-A02 Electromagnetic/custodial composed SYM-6; Q02/Q05
noncollapse

SYM8-Q09 Phase-versus-presentation rule  local QO01-Q08; presentation groupoid

SYM8-A03 Declared finite rival audit finite audit propo- target registry; fifty-row candidate

sition; explicitly audit; theorem and source ledgers
non-exhaustive
SYM8-A04 One-doublet electroweak integrated mathe- F01-F02; Q01-Q09; A01-A02;

normal-form rigidity

matical and physical

theorem

presentation-covariance lemma

The stable IDs are normative; typeset theorem numbers may change when editorial sections are
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moved. SYM8-F01 and SYM8-F02 are foundation locks. SYM8-Q01-SYM8-Q09 are framework-neutral or
QFT-facing results. SYM8-A01-SYM8-A04 are structural integration, declared-audit, and normal-form

results.

A.4 Target identifiers

Table 15: Frozen core target and controlled neighboring fibers.

Target ID Status Distinguishing datum Use
D8-CORE-1H core One doublet, nonzero main theorem target
branch, nonzero gl and
g2, perturbative spectral
certificate bundle
D8-BULK fiber proper compact support proper-local quotient theorem
or identity boundary
value
D8-BOUNDARY fiber local plus admitted physical electromagnetic charge action
asymptotic transforma-
tion class
D8-CUST-GPO controlled custodial target-local SYM-6 custodial import
limit
D8-CUST-NUD target update  custodial target-local Dirac-neutrino custodial branch
D8-VO target fiber one doublet not a same-scope rival
D8-GLOBAL successor faithful quotient, line SYM-9 handoff
target operators, monopoles and
defects specified
D8-EXTH target update  declared by extension outside the core one-doublet target
D8-NONPERT successor must be fixed for com- outside Q07 and the perturbative normal-
target plete nonperturbative form theorem

statement

No target identifier is inferred from prose context. In particular, the minimal core excludes vg; the
Dirac-neutrino custodial target is separately registered. The global-form target is a successor target, not
an unspecified completion of the core.

B Canonical calculations and algebraic certificates

B.1 Doublet generators and annihilator

Use
1{0 1 10 —i 11 0
T=- , T=- , Th=- , Y =yub,
Z201 07 772l o) PT2lo 4 YR
and
1 (0
Hy=—

For X = a1T7 + a1 + a3zT; + by,
_ L a1 — iaz
242 \—a3 +2byy

Because v # 0, annihilation requires a1 = a4, = 0 and a3 = 2byy. Thus

Hy

Anl’l(H()) =R (T3 + LY) .
ZyH
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Foryp =1/2,Q=T:+Y.

B.2 Response form and stabilizer correspondence

Let agw be the gauge-field coefficient space and define
Co(w"T, +bY) = gw"T, + g1bY.

For u,w € agw, set
pHy(u, w) = 2Re(pr(Cyu)Ho, pu(Cyw)Ho).

This form is positive semidefinite and
ker py, = Cg'(Ann(Hp)) =RQg, Qg = C;(Q)-

With nonzero g1, 2, C, is invertible, so the response kernel is one-dimensional and maps isomorphically
onto the generator-space stabilizer line. The full response matrix in (Wl, W2, W3, B)is

g 0 0 0
2 _o?|0 g 0 o |
EW™ 410 o gg -9192
0 0 -gi182 &

Its generic rank is three. The neutral block has determinant zero and trace v?( g% + g%) /4.

Fy -1

2
v
M(Z)UA =0, Mgvz = Z(gf + g%)vz.

B.3 Neutral eigenvectors

The vectors

satisfy

Normalize by

Sy = _ 8 cw = _ &
&+ 8 NESRE S

SW CWw Wﬁ
Cw —Sw B‘u ’

Equivalent sign conventions are admitted when the current coupling is transported consistently.

Then
Ay
Zy

B.4 Current projection

Substitution of
W3 =swA+cwZ, B =cwA —-swZ

into g2T3W3 + ¢1YB gives

(g2swTs + g1ewY)A + (goewTs — g15wY)Z
—e(T3+Y)A + f—z(t@ ~$2.0)7,
W
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where
e = gsw = J1Cw.-

This proves that the response null direction and the physical charge generator are linked components of
one packet through C, and the current pairing; they are not literally the same vector in one untyped
space and are not independently selected.

B.5 Charge table
The generated field registry yields:

Table 16: Electromagnetic charge ledger in the convention $Q=T_3+Y$.

Field/component T3 Y Q Certificate

u_L 1/2 1/6 2/3 Q=T3+Y

d_L -1/2 1/6 -1/3 Q=T3+Y

u_R 0 2/3 2/3 Q=T3+Y

d_R 0 -1/3 -1/3 Q=T3+Y

nu_L 1/2 -1/2 0 Q=T3+Y

e_L -1/2 -1/2 -1 Q=T3+Y

e_R 0 -1 -1 Q=T3+Y

H_plus 1/2 1/2 1 Q=T3+Y

H_zero -1/2 1/2 0 Q=T3+Y

W_plus adjoint +1 0 1 [QT+]=+T+
W_minus adjoint —1 0 -1 [QT-]=T-

A neutral neutral 0 kernel generator field
VA neutral neutral 0 neutral image field

The generated table is the core electromagnetic charge ledger; it contains no vg row. The controlled
Dirac-neutrino target remains separately registered in the field and target registries. The charged vector
generators T, = T + i1 satisfy

[Q, T:] = [13, T:] = +T%,

so Q(W*) = +1, while the neutral gauge directions have zero adjoint electric charge.

B.6 Degree-count certificate

Before fixation, the bosonic coordinate count is four real scalar coordinates plus four massless gauge
fields with two physical polarizations each:

4+4x%x2=12.

After fixation, the perturbative physical count is three massive vector sectors with three polarizations,
one massless vector sector with two polarizations, and one radial scalar channel:

IX3+1x2+1=12.

This is a consistency certificate, not an independent proof of the spectrum. BRST cohomology and
pole/amplitude certificates determine physical status.
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B.7 Symbolic validation results

Encoded validation result

The publication validator passed 71/71 declared checks. The checks cover registry identity, target and
source completeness, theorem-label and citation synchronization, exact charge arithmetic, symbolic
response identities, generator /field-space typing, normalization covariance, generated-table identity,
and the publication claim boundary. This result certifies the encoded artifact layer only; the scientific
theorems retain the proof authority stated in the manuscript.

The JSON report records each individual check, its result, the frozen counts, and the approximate
source word count. The publication manifest records artifact hashes after the final PDF has passed visual
preflight.

C Canonical atlas and declared rival audit
C.1 Thirty-field atlas

The canonical atlas contains sixteen integrated SYM-8 records. Every row implements the full thirty-field
ARC schema: stable identity and aliases; exact domain and background; candidate kind; acting and
acted-upon objects; action mode; invariant object; physical quotient and quotient action; current,
constraint, and charge data; independent classical, quantum, anomaly, vacuum, breaking, scale, operator,
and global-form fields; AASC role and role proof; carrier support; evidence status; source certificate;
rival status; nonclaims; paper ownership; and change history. A readable projection appears in table 8; it
is not a replacement for the CSV /JSON authority.

C.2 Declared rival audit

The rival audit contains fifty concrete schemas distributed across the ten loci of table 3. The authoritative
file data/candidate_audit.csv records the target relation, audit disposition, decisive test, invariant
key where applicable, and source or theorem authority. The dispositions are evidence-backed editorial
conclusions about those rows; they are not treated as machine-generated physical truths.

The disposition totals and representative rows appear in tables 10 and 11. The full row-level file
remains the publication authority.

The row set is deliberately finite. A proposal absent from the registry is not thereby rejected. It enters
the same target, quotient, certificate, and theorem analysis used for the published rows. This preserves
the audit’s usefulness without converting it into a candidate-completeness theorem.

C.3 Rival classes

The broader prose rival ledger groups related rows and states the decisive physical result.

Table 17: Scope-preserving rival ledger.

ID Rival Audit disposition Decisive result

RO1 Different gauge orientation of H0  same lawful orbit SYMS8-QO01

RO2 Gauge condition selects residual  ineligible SYMS8-QO01
subgroup

RO3 Two connected residual genera- ineligible SYM8-Q02
tors annihilate HO

RO4 Alternative QQ with same charge same lawful orbit SYMS8-F02;5YMS8-Q05
ratios

RO5 Alternative Q with different ineligible SYMS8-Q05

charge ratios
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ID Rival Audit disposition Decisive result
RO6 Second massless neutral vector ineligible SYMS8-Q03,;,SYM8-Q04
RO7 Different A/Z rotation with same  same lawful orbit SYMS8-Q04
invariant packet
RO8 Different rotation with currents jointly incompatible ~ SYM8-Q04
not transported
RO9 Local U(1)_em operation de- ineligible SYMS8-Q06
clared physical everywhere
R10 All electromagnetic transforma-  ineligible SYM8-Q06
tions declared skin
R11 Goldstones counted in addition ineligible SYMS8-Q07,SYM8-Q08
to longitudinal vectors
R12 Goldstone equivalence asserted ineligible SYMS8-Q08
exactly at all energies
R13 Higgs vev or pole declared primi- ineligible SYMS8-A01
tive identity
R14 Bidoublet declared a second ineligible un- SYMS8-A01;,SYMS8-A02
Higgs carrier der invertible-
repackaging and
carrier-cardinality
certificate
R15 Custodial SU(2)_V identified ineligible SYMS8-A02
with U(1)_em
R16 rho=1 used as biconditional ineligible SYMS8-A02
definition of custodial symmetry
R17 Extra scalar produces a second target update SYMS8-F01;SYM8-A01
Higgs at same scope
R18 v=0, g1=0, or g2=0 offered as target fiber SYMS8-F01
same-scope rival
R19 Faithful global subgroup differs target update SYMS8-F01,SYMS8-Q02
while local algebra agrees
R20 Line or monopole sector alters target update SYMS8-F01
residual structure
R21 Nonperturbative spectrum invali- target update SYMS-F01,SYMS8-Q07
dates the perturbative packet
R22 Same target and all certificates, open same-target SYMS8-A04; identify the first failed
second non-equivalent packet counterexample pro- load-bearing theorem or a new
tocol; not discharged  physical invariant
by finite audit

C.4 Authority and synchronization

The authoritative research objects are the target, field, charge, theorem, source, import, atlas, nonclaim,
rival, presentation-map, and candidate-audit files. Rendered tables are deterministic projections. The
validator checks that the projections agree with the machine-readable sources, that all stable identifiers
are unique, and that the manuscript does not claim semantic completeness or exhaustion from the finite
registry.

A prose statement that disagrees with a controlled row is a publication defect and must be reconciled.
Neither the data file nor the prose acquires scientific authority merely by prevailing in that reconciliation;
the governing authority is the cited theorem, calculation, or explicit conditional premise.

D Source, dependency, and proof-provenance ledger

D.1 Direct arc dependencies
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Table 18: Direct SYM dependencies and their precise use.

Source Imported interface Use and noncircularity boundary

SYM-0 [1] target-update separation; Supplies classification grammar only after
lawful presentation quotient; QFT residues are constructed. Does not sup-
typed rival disposition ply the electroweak stabilizer or response.

SYM-1 [2] proper-local quotient; ar- Specialized to the electroweak fixation and
chitecture/operation split; residual electromagnetic loci. Does not iden-
boundary exception; gauge-  tify Q.
tixing no-authority discipline

SYM-3 [3] gauge anomaly as inconsis- Fixes anomaly-neutral target status. No
tency; anomaly-field trans- anomaly calculation is used to choose the
port vacuum.

SYM-5 [4] weak-basis quotient; fixed- Prevents a Yukawa basis or rephasing from
tensor stabilizers; invariant selecting the vacuum, charge action, or
extraction residual structure.

SYM-6 [5] custodial C01-C06 packet: Imported as a separate target-indexed sym-
bidoublet, nested targets, di- metry packet; not used to derive electromag-
agonal stabilizer, deformation netism.
ancestry, diagnostics

SYM-7 [6] fixed minimal /Dirac- Prevents silent v or higher-operator import

neutrino target discipline;
operator-order and remnant
boundary

into the core target.

D.2 Structural support dependencies

Table 19: Additional AASC and Standard Model support.

Source

Imported result

SYM-8 use

Gauge—Vacuum Compatibility

[13]

gauge-vacuum com-
patibility; admissible

vacuum-mediated re-

sponse reduction; ex-
haustion of failure
routes

Blocks gauge fixing or representative
choice from manufacturing a residual
physical sector.

Vacuum-Compatible Residual
Sector Normal Form [14]

Abelian Charge-Ratio Rigidity
[15]

Standalone Standard Model
Structure [16]

residual-sector normal
form and import exhaus-
tion

charge-ratio standing
and normalization-skin
discipline

electroweak representa-
tion, one-doublet Higgs,
charge, anomaly, vac-
uum, and parameter-
status structural tuple
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Supplies residual syntax and failure
taxonomy without pre-identifying elec-
tromagnetism.

Supports the distinction between physi-
cal ratios and arbitrary Abelian coordi-
nate normalization.

Supplies the field and interaction reg-
istry on which local calculations are
performed.
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Source

Imported result

SYM-8 use

Realized Physical Interior [17]

Higgs Structural Endpoint

Arc[7,8,9,10,11,12]

field, particle, gauge,

mass-response, vacuum,

and quotient roles
bridge/fixation carrier;
identity occupation; no
primitive scale; vacuum
route; extension classi-
fier; integrated endpoint

Supports physical quotient and
spectrum-role typing.

Fixes Higgs provenance and blocks
primitive promotion. Does not substi-
tute for the electroweak QFT calcula-
tions.

D.3 Primary QFT certificates

Table 20: External source certificates.

Source

Certificate

Use and limit

Elitzur [18]

Becchi—-Rouet-Stora and Kugo—

Ojima [19, 20]

Barnich-Brandt-Henneaux

[21]
Nielsen; Stuart; Sirlin;

Gambino—Grassi [22, 30, 31,

23]

Frohlich—-Morchio-Strocchi [27,

28]

Gounaris—-Kogerler-Neufeld;
Yao—Yuan; Bagger—Schmidt;

Veltman [24, 25, 26, 32]

Fradkin—-Shenker [29]

Sikivie et al. [33]

local gauge-variant
order parameter ob-
struction

BRST cohomological
physical-state struc-
ture

local BRST cohomol-
ogy

gauge-parameter
identities and gauge-
independent complex-
pole language
gauge-invariant
composite-channel
reconstruction
longitudinal—
Goldstone amplitude
equivalence with loop
normalization and
high-energy regime
analytic connection in
lattice gauge-Higgs
systems under speci-
fied conditions

custodial symmetry in
electroweak models

Supports the non-order-parameter inter-
pretation; the manuscript also uses its
own quotient theorem.

Used for physical-state and double-
counting discipline, not as an ordinary
global particle symmetry.

Supports local observable/cohomology
distinctions.

Used for perturbative physical pole
transport after the target spectral bundle
is declared; not a universal nonperturba-
tive spectrum theorem.

Used as a controlled example and
boundary; no exact universal field equal-
ity is asserted.

Imported with finite factors and remain-
der.

Restricts phase overstatement; not used
to deny the selected perturbative packet.

External conventional-facing support for
the target-indexed custodial packet.

D.4 Publication provenance

The source ledger records an immutable source ID, title, source type, exact theorem/page or bibliographic
locator, preferred-version/file identifier, SHA-256 hash where a local source file is present, verification
date, and publication status. The import ledger separately records the exact result imported, its
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target interface, the retained nonclaim boundary, and the local theorem that uses it. The following
table is a readable projection; the full hashes and identifiers remain in data/source_ledger.csv and
data/import_registry.csv.

Table 21: Publication source-provenance projection.

Source ID Source Exact locator Imported use
SRC-ARC-PL  Standard Model Symmetry Arc pp- 28-29 (SYM-8 target, governance, atlas, and
AN Plan plan); pp. 32-36 successor boundaries
(governance); pp.
41-44 (30-field atlas);
pp- 48-50 (hostile/-
capstone)
SRC-SYMO The Symmetry Status Calculus SYMO-T2 p.91; FO1; presentation covariance; A03-
SYMO0-T9, T10, T13 A04
and Theorem 10.1
p-92
SRC-SYM1 Gauge Architecture and Gauge Theorem 2.2 pp.10-  QO01; QO06; presentation and com-
Skin in the Standard Model 11;10.2 p.29; 11.1 patibility rules
p-32;12.1 p.34; 14.2-
15.1 pp.41-42
SRC-SYM3 Anomalies as Structural Obstruc- gauge-consistency target/anomaly certificate
tions and mixed-anomaly
ledgers; gauge-
anomaly status table
in source theorem
registry
SRC-SYM5 Flavor Symmetry, Basis Skin, basis-quotient the- presentation maps; Q05/Q09
Spurion, and Invariant Normal orem pp.25-26 and
Form theorem registry
p-52; fixed-tensor
stabilizer pp.25-26
SRC-SYM6 Chiral, Custodial, and Infrared Theorems 14.1-14.2 A02
Symmetries p-33;15.1 p.34;15.2
p-35; 16.1-16.2 p.37
SRC-GAUGE-  Gauge-Vacuum Compatibility Theorems 10.1 p.16;  Q01/Q03
VAC 12.1p.18;18.1 p.23
SRC-RESIDU  Vacuum-Compatible Residual Theorem 15.1 p.16; Q02/Q06
AL-NF Sector Normal Form Theorem 16.1 p.18
SRC-SR4 Abelian Charge-Ratio Rigidity in ~ Theorem 24.1 p.20 F02/Q05
the Admissible Gauge Arena
SRC-SR7 Standard-Model Realization Corollary 15.2 p.14; non-circularity boundary
Rigidity in the Admissible Gauge Theorem 19.1 p.17
Arena
SRC-STANDA  The Standalone Standard Model =~ Theorem 9.7 p.36; target and Q05
LONE-SM Structure from First Principles representation tables
pp-32-33
SRC-PHYS-I  The Realized Physical Interior Theorems 13.1-17.1 Q07 and physical-status transla-
NTERIOR pp-17-19; Proposi- tion
tion 27.2 p.28
SRC-R10 Vacuum as Minimal Concrete vacuum baseline target/vacuum interpretation
Persistence Regime and non-null carrier
ledger, full 12-page
source
SRC-ET-NOT  Equivalence Completion for full 2-page note; Q08 supporting amplitude transla-
E Longitudinal Gauge Modes and  used only as scoped  tion

Goldstone Degrees

support
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Source ID Source Exact locator Imported use
SRC-EWQED-  Equivalence Completion Be- full 2-page note; Q04-QO05 coupling-projection
NOTE tween Electroweak and Electro- used only for EM bookkeeping
magnetic Coupling Bookkeeping  projection bookkeep-
ing
SRC-H1 The Higgs Bridge Carrier: Kernel bridge-carrier ne- A01
Consequences for Electroweak cessity theorem;
Mass-Response primitive representa-
tive collapse; June 30
preferred copy
SRC-H2 Endpoint on Higgs Structural Theorem 7.3 no fifth ~ AQ1
Identity: Bridge-Carrier Occu- identity ground;
pation and No Fifth Identity Theorem 8.1 Higgs
Ground Structural Identity
SRC-H3 No Primitive Higgs Scale: Theorems 15.3-15.4 A01 nonclaims
Carrier-Indexed Scale Standing
and Hierarchy Orientation
SRC-H4 Higgs Vacuum Route Status: Higgs Vacuum AO01; target discipline
Metastability, Lower Branches, Endpoint Theo-
and Standing Closure rem; RouteAvail
does not imply
StandingClosed;
DOI 10.5281/zen-
0d0.20996895
SRC-H5 The Higgs Extension Classifier: Theorem 15.2; F01/A01
Extra Scalars and Same-Scope Theorem 16.2;
Carrier Preservation Corollary 16.3;
DOI 10.5281/ zen-
0d0.20997077
SRC-H6 The Higgs Domain Endpoint: Theorem 8.3; The- A01
Carrier, Identity, Scale, Vacuum, orem 9.1; DOI
Extension, and Projection 10.5281/zen-
0d0.20997159
SRC-ELITZU  Elitzur, Impossibility of Sponta- ~ Phys. Rev. D 12 Qo1
R neously Breaking Local Symme-  (1975) 3978-3982
tries
SRC-BRST Becchi-Rouet-Stora; Kugo-Ojima;  BRS 1976; Kugo- Q07/Q08
Henneaux-Teitelboim Ojima 1979; Quan-
tization of Gauge
Systems 1992
SRC-NIELSE Nielsen identity and gauge- Nielsen 1975; Q07
N independent pole literature Gambino-Grassi
2000
SRC-ET Longitudinal-Goldstone Cornwall-Levin- Qo8
equivalence-theorem literature Tiktopoulos;
Chanowitz-Gaillard;
Bagger-Schmidt and
later refinements
SRC-FMS Froehlich-Morchio-Strocchi FMS 1980 and 1981 Qo7

gauge-invariant operator con-
struction

D.5 Proof provenance rule

The machine-readable theorem ledger distinguishes local proofs, imported-and-specialized results, local
theorems conditional on an explicit target bundle, integrated physical/structural theorems, and finite
audit propositions. An imported theorem is not relabeled as locally proved. A local calculation may
depend on an imported target registry without depending on the conclusion it proves. A conditional
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spectrum theorem names its dynamical premises. The finite rival audit is recorded as an audit result and
is not promoted into a candidate-completeness or exhaustion theorem. Source chronology or repeated

wording never substitutes for the supersession and hash authority.

E Exact nonclaims and standard-language translation

E.1 Exact nonclaim register

SYM-8 does not establish:

numerical values of v, g1, g2, e, Ow, masses, widths, self-couplings, or vacuum lifetimes;

—_

© X NN

T
W RO

exhaustion reserved for SYM-11.

uniqueness of the Standard Model under arbitrary assumptions;

the faithful global subgroup U(1)em inside every admissible global form;

a line-operator, monopole, theta-periodicity, higher-form, or noninvertible-symmetry completion
an exact nonperturbative construction of infrared charged states and dressings;

a universal equality of elementary gauge-fixed and local gauge-invariant composite correlators;
a universal electroweak lattice or finite-temperature phase diagram;

exact custodial symmetry of the observed full Standard Model;

multi-Higgs, composite-Higgs, strong-electroweak, SMEFT, or BSM classification;

a derivation of Higgs identity from the response matrix alone;

. that gauge-fixed fields, vevs, potentials, ghosts, or Goldstone variables are useless or unreal;

. that every residual gauge transformation acts physically, or that every residual operation is skin;
. semantic completeness of the finite rival registry or the complete Standard Model symmetry

E.2 Standard phrase / preserved meaning / blocked promotion

Table 22: Translation of standard electroweak language.

Standard phrase Preserved physical/calculational Blocked promotion

meaning
“The Higgs gets a Choose a useful gauge-fixed rep- The literal gauge-variant expec-
vev.” resentative of a nonzero fixation tation value is not an ordinary

“SU2)r x U(1)y
breaks to U(1)em.”

“Three generators are
broken.”

branch; v sets the response scale
relative to calibrated inputs.

The nonzero fixation has a one-
dimensional connected annihila-
tor; the response form has one null
direction; charge and spectrum or-
ganize electromagnetically.

Three gauge directions lie in the

nonzero response image and supply

massive-vector response sectors.
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physical order parameter or prim-
itive vacuum selector.

Local gauge redundancy is not an
ordinary global symmetry with
gauge-related physical vacua;
faithful global form is not fixed by
this shorthand.

The phrase does not create three
physical broken charges or an
ordinary gauge-variant order
parameter.
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Standard phrase

Preserved physical/calculational
meaning

Blocked promotion

“The Goldstones are
eaten.”

“The photon is the
unbroken gauge bo-

7

son.

“The weak mixing
angle rotates W3 and
B‘/I

“The Higgs boson is
the radial field.”

“Custodial symmetry

explains p ~ 1.”

“Different gauges
describe the same
physics.”

Angular scalar coordinates reor-
ganize with massless vector co-
ordinates into longitudinal polar-
izations of massive vectors; high-
energy amplitudes admit Goldstone
representatives.

The unique neutral response null
direction couples to Q, remains
massless in the target, and supports
electromagnetic curvature/charge
architecture.

In a canonical kinetic basis, sy, cw
parameterize the orthonormal nul-
1/image basis and current projec-
tion.

The radial coordinate is the leading
perturbative representative of a
neutral scalar gauge-invariant/pole
channel.

A target-indexed global/limit sym-
metry organizes response relations
and diagnostic protection.

Lawful gauge-fixing changes pre-
serve BRST cohomology, physical
amplitudes, admitted poles, charge,
and response invariants.

No independently standing parti-
cles are literally consumed; Gold-
stones are not counted in addition
to longitudinal vectors.

The photon is not mere leftover
notation, and not every local
gauge operation becomes a physi-
cal global action.

A field-only rotation or
numerical-angle prediction is
not licensed.

The coordinate or pole does not
replace the inherited Higgs carri-
er/identity.

p = lorT = 0isnot a bicondi-
tional definition and custodial
SU(2)y is not electromagnetism.
An arbitrary change that alters a
physical certificate is not excused
as gauge choice.

E.3 Terminology discipline

The manuscript may use “electroweak symmetry breaking” as conventional shorthand when the

surrounding text identifies the quotient-stable content. In theorem statements, “fixation,

s

annihilator,”

“response image/kernel,” “residual charge action,” and “physical spectrum” are preferred because they
state which object is doing the work.

F Reproducibility, validation, and certification boundary

F.1 Project structure

The publication project is organized as follows:

sections/

appendices/

the theorem-bearing manuscript sections;

audit appendices;

data/

nonclaim, and candidate-audit records;

generated/
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notation, calculations, atlas, provenance, nonclaim, reproducibility, and hostile-

target, field, charge, theorem, source, import, atlas, presentation-map, rival,

deterministic LaTeX projections of the machine-readable records;
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scripts/ table generation, validation, and isolated hostile-audit checks;
audits/ machine-readable validation, hostile-audit, PDF-preflight, and render reports;
manifest.sha256 artifact-integrity manifest for the publication package.

F.2 Build sequence

The reproducible build is:
1. generate manuscript tables from the controlled CSV and JSON records;

2. validate registries, theorem identities, sources, imports, citations, encoded algebra, audit boundaries,
and generated-table identity;

. compile the manuscript with latexmk and biber;

. preflight the PDF, verify embedded fonts, and render all pages for visual inspection;
. write the final validation and PDF reports;

. generate the SHA-256 manifest and archive the project.

N U1 = W

The command-line entry points are:

make tables
make validate
make pdf
make hostile
make release

F.3 Encoded mathematical checks

The validator checks the algebra that is explicitly represented in the project data or source:
1. exact rational identities Q = T3 + Y for the field and charge ledgers;
2. uniqueness of record, theorem, source, and target identifiers;
3. response-matrix determinant, rank, and null-vector identities for symbolic nonzero g1, §2;
4. the typed relation between the generator line RQ and the field-coordinate kernel Cg‘l(RQ) ;
5. hypercharge-normalization covariance of 1Y, Q, and the charge-ratio ledger;
6. theorem-ID and LaTeX-label agreement;
7. citation-key resolution against the bibliography;
8. row-level provenance, retained-boundary, and nonclaim completeness;
9. identity between the machine-readable records and their generated LaTeX projections.

F.4 Certification doctrine

The validator does not decide unencoded physical questions. In particular, it does not:

infer whether an arbitrary transformation is gauge, global, or physical;
establish the validity of an imported QFT theorem;
¢ prove that the fifty-row rival registry is semantically complete;

¢ infer a universal equivalence class from matching labels;
¢ pronounce a candidate-exhaustion theorem.

Those burdens remain with the cited source or the mathematical and physical proof in the manuscript.
The artifact layer verifies that the stated argument, data, and publication package agree.
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F.5 Hostile-audit contract

The isolated hostile-audit suite corrupts only predicates that the certification layer claims to enforce.
It tests, among other things, altered charge entries, duplicated stable IDs, missing source locators,
broken theorem labels, stale generated tables, removed target fields, a false response null vector, an
untransported hypercharge convention, an omitted nonclaim, and insertion of forbidden exhaustion
language. Each corruption must be rejected at the corresponding gate.

Encoded validation result

The publication validator passed 71/71 declared checks. The checks cover registry identity, target and
source completeness, theorem-label and citation synchronization, exact charge arithmetic, symbolic
response identities, generator/field-space typing, normalization covariance, generated-table identity,
and the publication claim boundary. This result certifies the encoded artifact layer only; the scientific
theorems retain the proof authority stated in the manuscript.

F.6 PDF verification

The final PDF is rendered page by page and checked for clipped text, overlaps, broken glyphs, malformed
tables, undefined references, and missing fonts. The PDF report records page count, font embedding,
metadata, preflight warnings, and render status. Visual verification is a publication-integrity check; it
does not bear scientific proof authority.

Reproducibility statement

A clean project extraction regenerates the tables, passes the encoded validation and hostile-audit
suite, rebuilds the manuscript, and reproduces the publication PDF within the declared toolchain.
The manifest verifies artifact identity after the final build.

G Hostile-audit cases

G.1 Purpose

The hostile-audit suite tests the publication package at its declared certification boundary. It is not a
synthetic physics engine. Each case corrupts an encoded datum or artifact relation and asks whether the
relevant validator gate rejects the result.

Table 23: Encoded hostile-audit cases and expected gates.

ID Mutation class Corruption Expected gate

HO1 duplicate-theorem-id Duplicate a stable theorem identi- theorem registry uniqueness
fier

HO2 missing-theorem-label =~ Remove the LaTeX label for theorem/source synchronization
SYMB8-A04

HO3 charge-mismatch Alter one Q value in the charge exact charge algebra
ledger

HO4 field-charge-mismatch ~ Alter a field T3 or Y entry with- field /charge join
out updating Q

HOS response-null-failure Replace the symbolic photon null  response algebra
vector by a non-null vector

HO6 generator-kernel-type-  Identify Q coordinates with the typed coupling-map check

collapse field-coordinate kernel without

Csg

HO7 normalization-failure Rescale Y without contragredient normalization covariance

gl transport
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ID Mutation class Corruption Expected gate
HO8 missing-source-locator ~ Blank a load-bearing source provenance completeness
locator
HO9 missing-retained- Remove an import nonclaim import boundary completeness
boundary boundary
H10 duplicate-atlas-row Duplicate an atlas record ID atlas identity
H11 stale-generated-table Modify a generated table without table/source identity
changing source data
H12 missing-nonclaim Delete the finite-audit non- claim boundary
exhaustion nonclaim
H13 exhaustion-language- Insert a claim that the validator forbidden-overclaim scan
insertion proves semantic exhaustion
H14 target-field-removed Remove the spectral or boundary target completeness
field from the core target
H15 citation-key-missing Insert an unresolved bibliogra- citation resolution
phy key
H16 manifest-corruption Alter a manifested artifact after artifact identity
publication packaging

G.2 Interpretation

The cases fall into five groups:
1. Target and scope: removal or alteration of a target field, boundary qualifier, spectral premise, or
nonclaim;
2. Encoded algebra: charge mismatch, response-null-vector failure, generator/field-coordinate type
collapse, or broken normalization covariance;
3. Dependency and provenance: missing theorem IDs, source locators, hashes, or retained-boundary
statements;
4. Artifact synchronization: stale generated tables, conflicting atlas twins, unresolved citations, or a
manuscript/data mismatch;
5. Claim boundary: insertion of language that promotes a finite registry, validator, or empty file into a
semantic completeness or exhaustion proof.
A passing suite establishes that these encoded corruptions are detected. It does not establish that
every possible scientific error has been anticipated. The correct inference is

declared corruption detected == certification gate functions as specified,

not
all tests pass =  the scientific theorem is automatically true or exhaustive.

G.3 Open scientific challenges

A same-target physical rival is not represented as a hostile file corruption. It must be presented as a
mathematical or physical construction and judged against the theorem chain in section 17. If it preserves
all premises while changing an invariant entry of €gyw, it reopens the scientific result whether or not
every artifact test passes.

Exact nonclaim boundary

The hostile-audit suite certifies the declared artifact boundary only. It neither proves semantic
candidate completeness nor replaces specialist review of the electroweak arguments and imported
QFT interfaces.

67



SYM-8: Electroweak vacuum fixation and residual-spectrum rigidity Amos Jay Maley

References

(1]

(2]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

A. ]. Maley. “The Symmetry Status Calculus: Constraint, Redundancy, Automorphism, and
Standing”. SYM-0, audit-grade AASC corpus manuscript. 2026.

A.]. Maley. “Gauge Architecture and Gauge Skin in the Standard Model”. SYM-1, audit-grade
AASC corpus manuscript. 2026.

A.]. Maley. “Anomalies as Structural Obstructions”. SYM-3, audit-grade AASC corpus manuscript.
2026.

A.]. Maley. “Flavor Symmetry, Basis Skin, Spurion, and Invariant Normal Form”. SYM-5, audit-
grade AASC corpus manuscript. 2026.

A.]. Maley. “Chiral, Custodial, and Infrared Symmetries”. SYM-6, audit-grade release v3.1.0. 2026.

A.]J. Maley. “Accidental Symmetry by Operator Dimension”. SYM-7, audit-grade Standard Model
Symmetry Arc manuscript. 2026.

A. ]. Maley. The Higgs Bridge Carrier: Kernel Consequences for Electroweak Mass-Response. Higgs
Structural Endpoint Arc, Paper 1. 2026. por: 10.5281/zenodo.20996439.

A.]. Maley. Endpoint on Higgs Structural Identity: Bridge-Carrier Occupation and No Fifth Identity
Ground. Higgs Structural Endpoint Arc, Paper 2. 2026. por: 10.5281/zenodo.20996600.

A.]. Maley. No Primitive Higgs Scale: Carrier-Indexed Scale Standing and Hierarchy Orientation. Higgs
Structural Endpoint Arc, Paper 3. 2026. por: 10.5281/zenodo.20996740.

A.]. Maley. Higgs Vacuum Route Status: Metastability, Lower Branches, and Standing Closure. Higgs
Structural Endpoint Arc, Paper 4. 2026. por: 10.5281/zenodo.20996895.

A.]. Maley. The Higgs Extension Classifier: Extra Scalars and Same-Scope Carrier Preservation. Higgs
Structural Endpoint Arc, Paper 5. 2026. por: 10.5281/zenodo.20997077.

A.]J. Maley. The Higgs Domain Endpoint: Carrier, Identity, Scale, Vacuum, Extension, and Projection.
Higgs Structural Endpoint Arc, Paper 6. 2026. por: 10.5281/zenodo.20997159.

A.]J. Maley. “Gauge-Vacuum Compatibility: Vacuum Standing, Symmetry-Breaking Admissibility,
and the Bridge to Mass-Generation Rigidity”. AASC corpus manuscript. 2026.

A.]. Maley. “Vacuum-Compatible Residual Sector Normal Form: Residual Gauge Structure after
Admissible Vacuum-Mediated Reduction”. AASC corpus manuscript. 2026.

A.]. Maley. “Abelian Charge-Ratio Rigidity in the Admissible Gauge Arena: Normalization, Ratio,
and Abelian Role-Standing over the SR3 Representation Survivor Class”. SR4, Standard-Model
Realization Rigidity Arc. 2026.

A.]. Maley. The Standalone Standard Model Structure from First Principles: An AASC Derivation of
Gauge-Product, Representation, Higgs/Bridge, Yukawa, Charge, Anomaly, Vacuum, and Parameter-Status
Structure. AASC corpus manuscript. 2026. por: 10.5281/zenodo.20305720.

A.]. Maley. The Realized Physical Interior: Locality, Metric Role, Fields, Particles, Gauge Structure, Mass,
Vacuum, Time, Causality, and the Standard Physics Stack under AASC. AASC corpus manuscript. 2026.
por: 10.5281/zenodo.20129729.

S. Elitzur. “Impossibility of Spontaneously Breaking Local Symmetries”. In: Physical Review D 12
(1975), pp- 3978-3982. por: 10.1103/PhysRevD. 12.3978.

C. Becchi, A. Rouet, and R. Stora. “Renormalization of Gauge Theories”. In: Annals of Physics 98
(1976), pp- 287-321. por: 10.1016/0003-4916(76)90156-1.

T. Kugo and I. Ojima. “Local Covariant Operator Formalism of Non-Abelian Gauge Theories and
Quark Confinement Problem”. In: Progress of Theoretical Physics Supplement 66 (1979), pp. 1-130.
por: 10.1143/PTPS.66. 1.

68


https://doi.org/10.5281/zenodo.20996439
https://doi.org/10.5281/zenodo.20996600
https://doi.org/10.5281/zenodo.20996740
https://doi.org/10.5281/zenodo.20996895
https://doi.org/10.5281/zenodo.20997077
https://doi.org/10.5281/zenodo.20997159
https://doi.org/10.5281/zenodo.20305720
https://doi.org/10.5281/zenodo.20129729
https://doi.org/10.1103/PhysRevD.12.3978
https://doi.org/10.1016/0003-4916(76)90156-1
https://doi.org/10.1143/PTPS.66.1

SYM-8: Electroweak vacuum fixation and residual-spectrum rigidity Amos Jay Maley

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

G. Barnich, F. Brandt, and M. Henneaux. “Local BRST Cohomology in Gauge Theories”. In: Physics
Reports 338 (2000), pp. 439-569. por: 10.1016/S0370-1573(00)00049- 1. arXiv: hep-th/0002245.

N. K. Nielsen. “On the Gauge Dependence of Spontaneous Symmetry Breaking in Gauge Theories”.
In: Nuclear Physics B 101 (1975), pp. 173-188. por: 10.1016/0550-3213(75)90301-6.

P. Gambino and P. A. Grassi. “The Nielsen Identities of the SM and the Definition of Mass”. In:
Physical Review D 62 (2000), p. 076002. por: 10. 1103 /PhysRevD.62.076002. arXiv: hep-ph/9907254.

G. J. Gounaris, R. Kogerler, and H. Neufeld. “Relationship between Longitudinally Polarized
Vector Bosons and Their Unphysical Scalar Partners”. In: Physical Review D 34 (1986), pp. 3257-3269.
por: 10.1103/PhysRevD. 34.3257.

Y.-P. Yao and C.-P. Yuan. “Modification of the Equivalence Theorem Due to Loop Corrections”. In:
Physical Review D 38 (1988), pp. 2237-2245. por: 10.1103/PhysRevD.38.2237.

J. Bagger and C. Schmidt. “Equivalence Theorem Redux”. In: Physical Review D 41 (1990), pp. 264—
270. por: 10.1103/PhysRevD.41.264.

J. Frohlich, G. Morchio, and F. Strocchi. “Higgs Phenomenon without a Symmetry Breaking Order
Parameter”. In: Physics Letters B 97 (1980), pp. 249-252. por: 10.1016/0370-2693(80)90594-8.

J. Frohlich, G. Morchio, and F. Strocchi. “Higgs Phenomenon without Symmetry Breaking Order
Parameter”. In: Nuclear Physics B 190 (1981), pp. 553-582. por: 10.1016/0550-3213(81)90448-X.

E. Fradkin and S. H. Shenker. “Phase Diagrams of Lattice Gauge Theories with Higgs Fields”. In:
Physical Review D 19 (1979), pp. 3682-3697. por: 10.1103/PhysRevD.19.3682.

R. G. Stuart. “Gauge Invariance, Analyticity and Physical Observables at the Z0 Resonance”. In:
Physics Letters B 262 (1991), pp. 113-119. por: 10.1016/0370-2693(91)90653-8.

A. Sirlin. “Theoretical Considerations Concerning the Z0 Mass”. In: Physical Review Letters 67
(1991), pp. 2127-2130. por: 10.1103/PhysRevLett.67.2127.

H. Veltman. “The Equivalence Theorem”. In: Physical Review D 41 (1990), pp. 2294-2299. por:
10.1103/PhysRevD.41.2294.

P. Sikivie, L. Susskind, M. B. Voloshin, and V. I. Zakharov. “Isospin Breaking in Technicolor
Models”. In: Nuclear Physics B 173 (1980), pp. 189-207. por: 10.1016/0550-3213(80)90214-X.

69


https://doi.org/10.1016/S0370-1573(00)00049-1
https://arxiv.org/abs/hep-th/0002245
https://doi.org/10.1016/0550-3213(75)90301-6
https://doi.org/10.1103/PhysRevD.62.076002
https://arxiv.org/abs/hep-ph/9907254
https://doi.org/10.1103/PhysRevD.34.3257
https://doi.org/10.1103/PhysRevD.38.2237
https://doi.org/10.1103/PhysRevD.41.264
https://doi.org/10.1016/0370-2693(80)90594-8
https://doi.org/10.1016/0550-3213(81)90448-X
https://doi.org/10.1103/PhysRevD.19.3682
https://doi.org/10.1016/0370-2693(91)90653-8
https://doi.org/10.1103/PhysRevLett.67.2127
https://doi.org/10.1103/PhysRevD.41.2294
https://doi.org/10.1016/0550-3213(80)90214-X

	Abstract
	Read this first: arc position and proof spine
	I Scope, dependencies, and fixed target
	Arc position, dependency order, and proof ownership
	Why SYM-8 is a separate theorem burden
	Upstream interfaces
	Mainstream quantum-field-theory inputs
	Division of evidentiary labor
	Arc handoffs

	Fixed target, target fibers, and convention lock
	Reference-complete core target
	Controlled target fibers
	Hypercharge normalization
	Canonical field and generator notation
	Exact claim ceiling

	Lawful presentations, rival loci, and the electroweak normal form
	Why equality of formulas is the wrong equivalence relation
	Canonical normal-form packet
	Rival loci
	Certification boundary


	II Framework-neutral electroweak reconstruction
	Gauge quotient and the local-gauge non-order-parameter theorem
	The language problem
	Proper local gauge quotient
	Order parameters and gauge variance
	Vacuum orbit versus vacuum manifold shorthand
	What remains physically nontrivial
	Controlled Abelian-Higgs comparison
	Gauge-invariant witnesses and nonlocal dressings
	Ward identities and the architecture/operation split
	Representative utility theorem

	The connected electromagnetic stabilizer
	Coordinate-free annihilator
	Explicit calculation
	Connected local result versus faithful global subgroup
	Abelian-Higgs comparison
	Falsification test

	Gauge-response rank, kernel, and the neutral A/Z normal form
	Coordinate-free response form and coupling map
	Canonical matrix calculation
	Basis covariance and interaction pairing
	Degree-of-freedom identity

	Electromagnetic generator, coupling projection, and charge-ratio ledger
	The generator and the neutral interaction
	Matter and Higgs charge ratios
	Gauge-boson charge
	Normalization skin and physical charge

	Residual electromagnetism: proper-local and boundary loci
	One name, two quotient statuses
	Proper-bulk result
	Boundary and asymptotic result
	Charged sectors and superselection
	Why this is not ``leftover notation''

	Gauge-invariant physical spectrum and response-degree count
	What the spectrum claim must mean
	BRST and cohomological criterion
	Gauge-parameter independence of poles
	Gauge-invariant operator channels
	Response directions and physical polarizations
	Unstable particles and exact language
	Sector-by-sector certificate map
	Pole, residue, and state distinctions
	Why the response count and spectrum packet are both needed
	Nonperturbative boundary

	Goldstone-language translation and longitudinal vector content
	Angular coordinates in a gauge-fixed chart
	BRST status and double-counting prohibition
	The high-energy amplitude theorem
	Gauge and global target split
	What ``eaten'' preserves
	Failure modes


	III Structural integration
	Higgs bridge/fixation compatibility and the no-promotion theorem
	Imported Higgs endpoint
	The local bridge map
	Representative and response catalogue
	Vacuum route status
	No dependency inversion

	Custodial interface and electromagnetic noncollapse
	One doublet, two useful presentations
	Target-indexed custodial packet
	Deformation ancestry
	Why custodial and electromagnetic stabilizers differ
	The physical core and the custodial limit

	Phase versus symmetry: invariant signatures and gauge-fixed charts
	Why a gauge chart is not a phase
	Invariant phase signature
	Gauge-fixed chart rule
	Worked comparisons
	Fradkin–Shenker boundary
	Vacuum degeneracy and global symmetries

	AASC role map and the SYM-8 atlas
	Role assignment after physical reconstruction
	Multi-role compatibility
	Stable identifiers and evidence packets
	Role-map covariance
	Representative/invariant firewall


	IV Normal-form synthesis, rival audit, and theorem boundary
	Scope-preserving rival analysis and declared finite audit
	Why a rival ledger is still required
	Disposition classes
	Declared registry
	Representative examples
	Counterexample and open-burden protocol

	Integrated electroweak normal-form rigidity
	The complete physical packet
	Component rigidity
	Integrated theorem
	What is fixed and what is not
	Falsification boundary

	Adversarial audit and theorem-breaking burdens
	Audit rule
	Principal objections
	Dependency-inversion audit
	Certification scope
	Theorem-breaking burden

	Conclusion and downstream interfaces
	Scientific conclusion
	Relation to the original SYM-8 plan
	Exports to SYM-9
	Exports to SYM-11
	Final statement


	V Audit appendices
	Notation, conventions, and stable theorem identifiers
	Hypercharge convention
	Core symbols
	Stable theorem ladder
	Target identifiers

	Canonical calculations and algebraic certificates
	Doublet generators and annihilator
	Response form and stabilizer correspondence
	Neutral eigenvectors
	Current projection
	Charge table
	Degree-count certificate
	Symbolic validation results

	Canonical atlas and declared rival audit
	Thirty-field atlas
	Declared rival audit
	Rival classes
	Authority and synchronization

	Source, dependency, and proof-provenance ledger
	Direct arc dependencies
	Structural support dependencies
	Primary QFT certificates
	Publication provenance
	Proof provenance rule

	Exact nonclaims and standard-language translation
	Exact nonclaim register
	Standard phrase / preserved meaning / blocked promotion
	Terminology discipline

	Reproducibility, validation, and certification boundary
	Project structure
	Build sequence
	Encoded mathematical checks
	Certification doctrine
	Hostile-audit contract
	PDF verification

	Hostile-audit cases
	Purpose
	Interpretation
	Open scientific challenges

	References


