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ACTUAL IMAGES AND LOCAL FIBERS
IN THE SECOND COMMUTATOR LAYER

SHENGYONG PAN

ABSTRACT. Let K be an algebraically closed field of characteristic zero and let J be the commu-
tator ideal of the free associative algebra. We prove that, for every proper multilinear polynomial
f € J*\ J? and every n > 3, the set of values of f on M, (K) is sl,,(K) if tr f = 0, and M, (K)
otherwise. In the first case the evaluation map is smooth at an input with nonzero rank-one
square-zero value. In the second case it is flat at such an input, with a local complete-intersection
fiber of the expected dimension. The theorem allows arbitrary proper multilinear corrections
of the same degree in J®. We use restrictions to two active variables with commuting passive
inputs and detect the first nonzero trace term on the exact fiber of the traceless projection.
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1. INTRODUCTION

Throughout, K is algebraically closed of characteristic zero. We write M,, = M,(K) and
sl, = sl,(K). For a polynomial f in m original variables, let

Valo(f) = {f(A1, ..., Am) : A; € My}

be its set of single values, and write Sy = Val,(f). No linear span or Zariski closure is taken in
this notation. An ordinary multilinear polynomial uses each of its m distinct original variables
exactly once in every word. It is proper if substituting 1 for any variable gives zero in the free
algebra, equivalently if it is invariant under adding a scalar to any input. Let J denote the
two-sided commutator ideal of the unital free associative algebra.

The L’vov-Kaplansky conjecture predicts that the actual image of an ordinary multilinear
polynomial on M, is one of {0}, KI,, sl,, and M, (see [2]). We studied the quartic case by
repeated-input restrictions in [5]. Tang gives a quartic classification in [9, Theorem 1.1]. In [6,
Theorem A], we classify the images in degrees four through six, starting with proper sextics.

Here we fix the second commutator layer and allow arbitrary degree. For n > 3 we determine
the images and construct local fibers for proper multilinear polynomials in J2 \ .J3.
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Theorem 1.1 (The proper second layer in every size at least three). Let f be an ordinary proper
multilinear polynomial in m distinct original variables, and suppose f € J?\ J3. For every fired
n > 3 its actual image is

sl (K), trf isidentically zero on M,(K)™,

Val,,(f) =
ala(f) {Mn(K), tr f is not identically zero on M, (K)™.

Put h =tr f and g = f —n~'hl,. There is an input a € M™ with f(a) = N, rank N = 1 and
N? =0, such that

rank(dg,) = n? — 1, hlg-1v) # 0 in Og-1(ny  if h#O.

At this input the map to sl,, is smooth with local fiber dimension mn? —n?+1if h=0. Ifh #0,
the map to M, is flat with local complete-intersection fiber of dimension mn? — n?.
These assertions hold for f + R for every proper ordinary multilinear R € J? in the same

variables. The trace and the input a are taken for the complete polynomial f + R.

The proof uses complete restrictions to two active variables. Section 6 treats a nonzero
restriction with one common passive matrix. If all such restrictions vanish, Id(UT3) = J? (see
[3, Theorem 2.1]) gives a nonzero pair of symbols with independent diagonal passive matrices.
Section 7 treats that pair in an étale chart of the original source. The alternating polynomial s,
belongs to this second case.

The two local conditions in Theorem 1.1 hold at the same original input. If the restriction
has nonzero trace, its full differential is surjective at a rank-one square-zero input. If h £ 0 and
its restriction is zero, the first nonzero term in the transverse expansion of h gives a bilinear
test on the two full active matrices. Theorems 6.2 and 7.2 give a nilpotent input at which this
test is nonzero and the traceless differential along the restriction is surjective. Solving ¢ = N in
those tangent directions leaves the transverse variables unchanged. The selected term therefore
survives on the exact fiber g=!(IV) (see Section 6.4 and Proposition 7.14). A correction in J3
can change this term even though it vanishes on the restriction. The input is selected after the
correction is included in h. The local-image criterion of Section 2 then gives the stated sets of
values.

Section 3 gives coordinates for the proper second quotient and the vanishing lemma for restric-
tions with few active variables. Section 4 constructs the one-order operators. Section 5 gives the
size-three two-symbol construction and its traceful extension to larger sizes. Sections 6 and 7
treat the common-background and independent-diagonal restrictions, respectively. Section 8
formulates the remaining local-fiber questions and relates them to the higher-degree results in

6, 7, 8].

2. LOCAL FIBERS AND ACTUAL IMAGES

2.1. A single local condition for arbitrary degree. For noncentral-valued f define the
target vector space

V. — sl (K), trf=0,
T\ ML (K), trf#0.

Interior and closure in the next theorem use the Zariski topology on V.

Theorem 2.1 (Local characterization). Let f be noncentral-valued and multilinear. With N =
Ena,

Sy=Vy <<= Nelnty(Sy) <= N¢Vf\Sfo.

Consequently LK, for this field class and all degrees and sizes, is equivalent to the middle condi-
tion for every noncentral-valued f. Moreover, N € Sy already holds for every such f; the issue
1s coverage of a neighborhood, not merely the existence of a nilpotent value.

Proof. First note that Sy is invariant under conjugation and multiplication by nonzero scalars,
and contains zero.
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If tr f # 0, then KI,, € Sy. To see this, choose Weyl matrices U,V with UV = ¢qVU,
U™ = V™ = I, where ¢ is a primitive nth root. The U%V? form a basis, and only its degree-zero
element has nonzero trace. Expand a nonzero-trace evaluation multilinearly in that basis. Some
basis tuple has nonzero output trace. All words at this tuple have the same total (Z/nZ)? degree,
so their sum is a multiple of one basis element. It must be a nonzero multiple of I. Scaling one
input gives all scalars. If tr f = 0, the only scalar in Vy is zero, already in Sy.

Here is the elementary degeneration underlying the result. Every nonscalar W has a similar

u v

representative (., 7 ) with v # 0. For otherwise every row covector would be a left eigenvector,
forcing W to be scalar. The polynomial curve

-1
k() = <th th> =1 (to ?‘) W ((t) ?‘) (t#0)
has nonzero rank-one square-zero limit R(0), conjugate to N. If W € sl,, the whole curve
lies in sl,. Suppose an open neighborhood O of N in V; lies in Sy. After a fixed conjugation
the curve passes through N. Its inverse image of O is an open subset of A' containing zero,
hence contains some nonzero t. Conjugation and scalar invariance now give W € Sy. The
scalar discussion completes Sy = V;. The reverse implication and the closure formulation are
immediate from the definition of interior. Central-valued polynomials have image either zero or
K1,, by multilinearity, so the asserted equivalence with LK follows.

Finally, a nonscalar value has, after conjugation, a nonzero off-diagonal entry. Expand its
inputs in matrix units. Some matrix-unit tuple gives an output with a nonzero off-diagonal
entry. Regard these units as directed edges. Any nonzero word is an Euler trail using the same
edges. An open trail has uniquely determined initial and terminal vertices, so every nonzero
word in this tuple is a multiple of the same off-diagonal unit. The output is therefore a nonzero
multiple of E;;, ¢ # j. Scaling and conjugation give N itself. O

This argument is independent of degree, properness, and a chosen coefficient family. We use
it as a characterization and make no priority claim for the local reformulation. The proof also
applies to a restricted evaluation domain whenever its image has the stated conjugation and
scalar invariance, and all the required scalar targets have separately been obtained.

Corollary 2.2 (Two sufficient certificates). Let d = dim Vy and ¢ = mn?. Either of the following
suffices for Sy = Vy:

(1) There is a € f~1(N) with rank(df, : M — V) = d.
(2) There is a € f~Y(N) with

dim Offl(N),a =q— d.

In particular the required fiber dimension is (m — 1)n? in the traceful case and (m — 1)n® +1 in
the trace-zero case.

Proof. The first condition makes f smooth at a. Smooth morphisms are open [11]; restricting
to the smooth locus produces the neighborhood required in Theorem 2.1. For the second, the
local rings of source and target at these closed points are regular of dimensions ¢, d. The source
is Cohen—Macaulay, so the displayed dimension equality implies flatness by miracle flatness [12].
The flat locus is open [13], and flat morphisms locally of finite presentation are open [14]. Apply
Theorem 2.1 again. Over algebraically closed K, a nonempty fiber of a finite-type scheme over
a K-point has a K-point, so this yields actual matrix evaluations. O

The first condition implies the second, but neither is claimed necessary for polynomial surjec-
tivity. In particular, generic full rank only proves dominance; it does not locate an open image
neighborhood at N. The distinction is real even for invariant constructible cones: {0} U {4 :
det A # 0} is dense, contains every scalar, and omits N. It is an illustration of the logical issue,
not a claimed polynomial image.
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The rank-one attainment used in Theorem 2.1 is already in Kanel-Belov-Malev—Rowen: see
Lemma 5 on p. 6 of arXiv:1005.0191v3, the author version cited in [15], and its explicit restate-
ment for arbitrary n in Lemma 2 on p. 2 of arXiv:1306.4389v3 [16]. These locators refer to the
specified preprint versions.

2.2. Higher-order trace on a smooth traceless fiber.

Proposition 2.3 (Exact local trace criterion). Let f : M]* — M, be multilinear, let h = tr f
and g = f —n~YhI. Suppose f(a) = N is nonzero rank-one square-zero and rank(dg,) = n? — 1.
PutY = g~ 1(N) and Q = mn?. The following conditions are equivalent:

(1) hly # 0 in Oy,;

(2) dimOf—l(N)’a = Q — 77,2,'

(3) f is flat at a.
Each implies Val,(f) = M,. In formal local coordinates on Y, a nonzero leading term of any
positive weighted degree suffices for (1). No upper bound on the order of the first nonzero term
15 asserted.

Proof. The rank assumption makes Y smooth at a, with regular local domain R = Oy, of
dimension Q —n?+ 1. Since h(a) = 0, its restriction lies in the maximal ideal. If it is nonzero, it
is a nonzerodivisor and dim R/(h) = Q —n?. If it is zero, the dimension stays Q@ —n? + 1. Since
f7YN) is cut out in Y by h = 0, this proves (1)< (2). Miracle flatness proves (2)=-(3), and
the dimension formula for flat local maps gives the converse. Corollary 2.2 proves surjectivity.
Completion is faithfully flat, so a nonzero formal leading term detects a nonzero element of
R. O

This is the local-ring form of the higher-order mechanism. The compatible algebraic degenera-
tion tools in Glazer-Hendel [10, Proposition 2.10 and Corollaries 2.12-2.15] provide a framework
for proving flatness from weighted initial maps. In the present one-equation fiber problem, the
preceding elementary argument suffices; no convolution or Waring decomposition is needed.

For clarity, the corrected higher terms can be defined recursively. Let K, = ker dg, and choose
a linear right inverse R, : sl, — T, (M)") of dg,. The formal implicit function construction gives
unique homogeneous maps v, : K, — sl, of degree r > 2 such that

$(u) =a+u+ Ry ve(u),  g(gu)=N.
r>2

They are obtained by

vp(u) = —[degree r| | g | a +u + R, Z vj(u) | =N
2<5<r

The trace germ to test is H(u) = h(¢(u)), not h(a+wu). If dh, = 0, its first two possibly nonzero
homogeneous terms are

Hs(u) = 3d*hg(u, ),
Hs(u) = %d?’ha(u,u,u) — %tha (u, Radzga(u,u)).

Thus an uncorrected cubic derivative cannot in general certify the trace on the fiber. For positive
weights on u, a nonzero initial form of H certifies Proposition 2.3. If the entire germ is zero,
this particular seed is not flat; this does not rule out another seed or surjectivity by another
construction.

3. COORDINATES IN THE SECOND LAYER

3.1. Coordinates on the proper second layer. Let A = K(z1,...,x,,) be the unital free
associative algebra, J its two-sided commutator ideal, and P, its multilinear component. Write
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PP for the proper subspace, consisting of polynomials killed by every unit deletion. All

quotients in this subsection are free-algebra quotients; no matrix-identity ideal is imposed. Put

Qprop _ J2 N P’,I?){Op .
= AR

For a subset S C [m] of size at least two, set @ = minS and, for j € S\ {a}, define the
left-normed comb

bsj = %), Tas Tiys - - s Tipg ), i1 <-or <dgl—2, {1, 05-2f =9\ {a,j}.
Proposition 3.1. For m > 4, the classes
bs jbse ¢, |S],|9¢1>2, je€S\{minS}, ¢¢€ S5\ {minS},
form a basis of OQm°F. In particular its ordered-bipartition components are independent, and
m—2 m
Dy = dim QP = 3~ ( >(p— 1)(m—p—1)
p_
=2""2(m? — 5m +4) + 2m — 2.

(1)

Proof. We first compute the dimension without assuming independence of the proposed products.
Use the multigrading by the occurrences of the original letters, and put

s=ti+-+tm, C=[[A-t)"", Ha=(@1-s)"" B=1+(s-1)C
=1

Order the letters. For each word w whose proper prefixes are nondecreasing but which is not
itself nondecreasing, let g,, = w — sort(w). Its leading word in degree-lexicographic order is
w. These leading words are prefix-free. Reduction at the first nonordered prefix decreases the
order and terminates at the sorted representative. Therefore the g,, generate J as a right ideal.
Prefix-freeness makes their right multiples have distinct leading words, proving

J = @gwA, thegw = H;/Hy = B.

Because J" ! is also a left ideal, the same decomposition gives J" = D., guwJ" 1. Consequently
HJT‘ == BTHA, HJT/JT+1 — BTC

On a nonempty squarefree support of size p, the coefficient of B is p — 1, and its constant
coefficient is zero.

The PBW decomposition orders the original generators before a basis of the derived free Lie
algebra. It expresses A as the vector-space tensor product of sorted commutative monomials and
the proper algebra. This decomposition respects each J". Indeed, the derivations 0;(z;) = d;;
preserve J, hence every J"; on a multilinear component they are unit deletions. Successive
coefficient extraction uses these derivations and the projections f — f — z;0;f, as well as
multiplication by original generators, all of which preserve the ideal filtration. Thus removing
the sorted singleton factors divides the squarefree exponential generating series by e®. Since the

squarefree series of B is
P
B(a)= (p— 1)% = (z—1)e" +1,
p=2
the series for the proper second layer is B(z)2. Taking its 2™ /m! coefficient gives both expres-
sions in (1).

It remains to prove spanning. The proper algebra is generated by nontrivial free Lie com-
mutators, each a linear combination of combs. Modulo J?, Jacobi moves the least letter of a
comb into its initial bracket. Later adjoint letters can be reordered: interchanging adjacent ones
has an error of the form [L, [z, y]], a difference of two products of nontrivial commutators. The
resulting one-factor normal forms are exactly bg ;. Their classes are independent modulo J 2,
in UTy, set x; = Ei2 and every other letter of S equal to diag(1,0). The selected comb is a
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nonzero multiple of E13, and every other canonical comb begins with two equal diagonal inputs
and vanishes. Since J? vanishes on UT5, this isolates every coefficient.

Now express a proper element of J? as a sum of products of combs. After normalizing its
one-factor terms, their canonical remainder must be zero by that independence. Modulo J3, only
two-factor terms remain. Normalize each factor modulo J?; its error multiplied by the other
factor lies in J2. The displayed products therefore span. Their number is the first expression in
(1), already proved to be the dimension, so they are a basis. O

Lemma 3.2 (Vanishing on common-background sources). If an ordinary multilinear polynomial
lies in J", then its restriction with fewer than r active original slots and every other slot equal
to one common matriz D is identically zero. The identity holds for every D, not just diagonal
matrices, and all derivatives tangent to that linear source vanish.

Proof. Expand a member of J” as a sum of products of r commutator-ideal factors with possible
word contexts and take its original multihomogeneous component. The original variable sets in
each term are disjoint. Fewer than r active variables leave one ideal factor with only passive
inputs. It is evaluated in the commutative algebra K[D] and is zero. This proves an identity
on the entire linear restriction, and differentiation within that restriction preserves zero. No
assertion is made about transverse derivatives. (Il

4. ORDERED SYMBOLS AND SMOOTH NILPOTENT VALUES

Write H,, = {A € M, : A;; = 0 for every i} for the hollow subspace in the fixed basis. Every
traceless matrix is similar to a hollow matrix, by the prescribed-diagonal theorem of Fillmore [1].

4.1. Ordered words and mixed differential depths. The fixed-depth hypothesis can be
removed when the complete specialization has one order of its two active letters. The following
statement does not require homogeneity.

Theorem 4.1. Let 0 # F(u,v,w) = . argu’viw' € K[u,v,w], and put
Hp(D,A,B) =) ar4D"AD°BD".

Forn > 3, let Vr be the union of the conjugates of Hp(D, A, B), where D is regqular diagonal
and A, B € H,,. Then

b M), F(u,0) £ 0,
P\ sl (K),  F(u,v,u) = 0.

Proof. Suppose first that F'(u,v,u) # 0. Number the indices cyclically and put A = >, F; ;1
and D = diag(dy,...,d,). Then

(Hr(D,A,B))ij = F(d;,di—1,dj)Bi—1 ;. (2)

Each F(d;,d;—1,d;) is a nonzero polynomial. Each F(d;,d;—1,d;y1) is also nonzero, since n >
3 and its three indices are distinct. Choose D outside the zero set of the product of these
polynomials and the differences d; — d;. The source coordinates B;_1; and B;_1 ;41 are distinct
hollow coordinates. Equation (2) therefore realizes every matrix supported on the diagonal and
the forward cyclic band, by one hollow B. Set the wrap entry to zero to obtain any upper Jordan
form. This proves Vp = M,,.

Now suppose that F'(u,v,u) = 0. Write F = (u—w)G, where G # 0. The exact word identity

Hp(D,A,B) = [D,Hg(D, A, B)|

shows that every value is traceless. For fixed diagonal D, this commutator is hollow. We show
that every hollow target occurs. For a column j, the off-diagonal part of Hg is a linear function
of the n — 1 entries By;, k # j. Its matrix, with row and column indices different from j, is

w0, i=k
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For pairwise distinct 4, k, j, the coefficient G(d;, d, d;) is nonzero. A derangement of the n —1 >
2 indices contributes a nonzero monomial to det M. Distinct derangements give distinct
monomials in the independent entries A;j, so they cannot cancel. Thus every det M) is a
nonzero polynomial in D and hollow A. Their product with the differences d; — d; is nonzero.
Choose one pair (D, A) where this product does not vanish. All column maps are then invertible
simultaneously. Given T € H,,, prescribe the off-diagonal entries of H¢ to be T;;/(d; — d;) and
solve these column systems for one hollow B. This gives Hp(D, A, B) = T. Every traceless
matrix is similar to a hollow matrix, proving the second assertion. O

Corollary 4.2. Let 0 # P(s,t) =Y prss't® € K[s,t], and put
p(D,A,B) = pys(adp, A)(ad}, B).

For n > 3, the union of the conjugates of its values with D regular diagonal and A, B € H,
is My, if P(s,—s) # 0, and is sl,, if P(s,—s) = 0. If P is homogeneous, these conditions are
equivalent to P(1,—1) # 0 and P(1,—1) = 0, respectively.

Proof. Apply Theorem 4.1 to F(u,v,w) = P(u — v,v — w). This substitution is injective, and
F(u,v,u) = P(u—v,v— u). O
4.2. An ordered symbol with nonzero trace specialization.

Lemma 4.3 (An ordered symbol with nonzero trace specialization). Let h(u,v,w) =
Z@b,d hapquvPw® € Ku,v,w] satisfy h(u,v,u) # 0. Forn > 3, the morphism

Hyy : My(K) % 8y (K) X slp(K) — Mn(K),  Hp(D,A,B) =) hagD*AD’BD?,
a,b,d

has a nonzero rank-one square-zero value at a point where its differential is onto M, (K).

Proof. For a diagonal D = diag(dy,...,d,), entrywise multiplication gives
(Hn(D,A,B))ig =Y _ AijBjeh(di, d;, dy). (3)
j=1

Let D C K™ be the open set defined by pairwise distinct d; and
h(di,dj,di) #0  (2<j<n).

It is nonempty: each displayed factor is a nonzero polynomial by h(u,v,u) # 0, and the product
of these factors and the pairwise differences is nonzero in the polynomial ring K|[ds, ..., d,]. Put
7= 1(0,q2,...,qn)" # 0, take A hollow, and set B = ge}. Both A and B are traceless, and (3)
becomes
Hy(D,A,B) =tef,  ti=> Ajqh(di,dj,dy). (4)
j>1

Consider the parameter space

Z={(dq,A):deD, ge K" "\ {0}, Ay =0, Y Aijq;h(dy,dj,dy) =0
j>1
The last equation is a nonzero linear functional of the hollow entries of A at every base point (d, q):
some ¢; is nonzero, and all its possible h(d1,d;,d1) factors are nonzero. Its kernel is therefore
a vector bundle of hyperplanes over the irreducible base D x (K™~ 1\ {0}). In particular, Z is
irreducible. Every point of Z has ¢; = 0, so its output in (4) is square-zero.

Fix a column ¢ > 1. Varying the n — 1 hollow entries Bj,, j # £, gives outputs confined to
column ¢, with column vectors equal to columns j # £ of

(Mg)ij = A,’jh(di, dj, dg).
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These are legitimate variations in the full B-space sl,. Simultaneous conjugation in all three
original inputs is also a legitimate source direction. For its generator 1y, the output derivative
is

[Elg, tetl] =tyF1 — te}. (5)

Modulo matrices supported in the first column, this supplies —¢ in column ¢. Let A, be the
determinant of the matrix obtained from M, by replacing its ¢-th column by ¢. If A, £ 0, these
n derivative directions span the entire /-th output column modulo the first column.

We show that Ay is not identically zero on Z. Specialize ¢ = ey. Then the equation defining
Z reduces to Ay =0, and

ti = Ayh(d;, dy, dy).

Choose a fixed-point-free permutation o of [n] with o (1) # ¢. Such a permutation exists because
n > 3: choose an n-cycle whose successor of 1 is an index outside {1,¢}. The corresponding
determinant term has the monomial
n
[T 400
i=1

It uses neither a diagonal entry of A nor the entry Aqp. Its coefficient, up to sign, is a product
of nonzero polynomials in d. Indeed, in an ordinary column j # ¢ the factor is h(d;,d;, dy)
with ¢ # j. If ¢ = ¢, this is the nonzero trace specialization h(dy,d;,dy). Otherwise i, 7, ¢ are
distinct, and the factor is a copy of the nonzero polynomial h in three independent variables.
In the replacement column ¢, the row ¢ is neither ¢ nor 1, by the two conditions on o. Its
factor h(d;,dy,d;) is again a copy of h in three independent variables. Different permutations
give different monomials in the entries of A, so this term cannot cancel. Restricting a nonzero
coefficient polynomial to the nonempty open set D cannot make it identically zero. This proves
the required nonvanishing of Ay on Z.

It remains to control the first output column. At fixed D, B, the hollow A-variation E;; with
j > 1and i # j has output

q]‘h(di,dj,dl)Eil. (6)

For ¢ = 1 choose j = 2. For each i > 1 choose j(i) ¢ {1,i}, which is possible since n > 3. Each
selected h factor is a nonzero polynomial: for ¢ = 1 this is the defining trace specialization, and
for ¢ > 1 its three coordinates are distinct. Requiring these factors and the finitely many selected
¢; to be nonzero gives a nonempty open subset of the base (d, ¢). The hyperplane equation only
constrains A, so its inverse image in Z is nonempty and open.

This open set and all the nonempty opens {Ay # 0}, 2 < ¢ < n, meet because Z is irreducible.
At a point of their intersection, (6) fills the first column, and the B-variations together with (5)
fill every other column modulo it. Thus the full differential of Hj, is onto M,,. Moreover, Ay # 0
implies t # 0, since its replacement column is ¢t. The common value is therefore nonzero of rank
one and square-zero. The variations of A need not preserve the hyperplane equation defining Z;
they are variations in the original full source, as required. (I

5. TWO-SYMBOL NILPOTENT SEEDS

5.1. The complete shared-background two-symbol map on Mj. Let P,Q € K]Js,t] be
homogeneous of the same degree d > 2, each divisible by st; either may be zero. Define the
actual three-input polynomial map

Hpo(D,X,Y) = Y Prladp X)(adh Y) + Y Qps(adp YV)(ad} X). (7)
r+s=d rs=d
Put
p=P1,-1), ¢=Q(1,-1), e=(-1)% r=p+eq
We retain this reverse-symbol convention throughout the proof. The next statement supplies

smooth nilpotent points for every nonzero pair in size three.
Write £ = slg if 7 =0 and £ = Mg if 7 # 0.
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Theorem 5.1. The actual image of (7) on M3 is

{0}3 P=Q=0,
sl3, (Pa Q) 7& (070)7 T=0,
Ms, 1 #0.

In either nonzero case, there is an actual original input (D, X,Y) with a nonzero rank-one
square-zero value at which the map into its stated target is smooth. The local fiber is a complete
intersection of dimension 19 in the trace-zero case and 18 in the traceful case.

Proof of Theorem 5.1. For regular diagonal D = diag(dy, ds, d3), direct multiplication gives the
exact trace identity

tr Hpo(D,X,Y) =71 (di — d;)"X;;Y5. (8)

i?j

Equivalently the sum is tr((ad% X)Y), so density extends this identity to all D. It is a nonzero
polynomial function, as seen at D = diag(1,0,0), X = Eja, Y = FE;. Moreover a nonzero
symbol is detected on a path through three distinct indices: if P # 0, use X = E;j and Y = Ejy,
so that the reversed product is zero and the output is P(d; — dj,d; — d¢)Ey. Its two differences
are independent. The case Q # 0 is obtained by interchanging X,Y. Thus no nonzero pair
defines an identity or central-valued map on Ms.

5.1.1. A column-star chart for the two nonzero symbols. Assume initially that P, @ are both
nonzero. At a regular diagonal D take

X = uFs3 +vE39, Y = coF91 + c3FE3q, uvcacs # 0. (9)
Write
Fijo = P(d; — dj,d; — dy), Kijo = Q(d; — dj,d; — dy).
The exact value of the complete map is
N =ngFs + n3ks, ng = ucglFyzr, n3 = vcoF30. (10)

Choose D so that all triple-distinct symbol values needed below are nonzero. Each is a nonzero
polynomial under an invertible linear change of the two diagonal differences, so these finitely
many open conditions are simultaneously possible. In particular nong # 0, and N is nonzero of
rank one and square-zero.

Four variations of the original Y slot give pure off-block output directions:

Y |  FEn Eq3 Ean Es
dHQOY) | uK123E13 vKi32F12 vF301E31  ulF31Fo;.

Their multipliers are nonzero. We work modulo these four output coordinates when adding the
remaining directions.

Suppose first that p? # ¢. The variations 6Y = FEs3, E35 give a basis of the two lower diagonal
coordinates: their determinant is

uve(q® — p*)(da — d3)*? # 0.
The variations 0.X = FE1o, F13 give respectively
coF191 11 + coKo19Eoo + c3 K312 E39, c3F131 B + c3K313F33 + co K913 03,

Together with the previous six controls these have rank eight. With respect to the trace pairing,
normalize their one-dimensional conormal by C1; = 1. Its only other possibly nonzero entries
are

23 —

coFio1 oy — c3Fi31
- ) 32 — — .
c3K312 c2Ko13
Simultaneous conjugation of the full original tuple (D, X,Y’) gives output tangent [Z, N]. If

every such tangent were annihilated by C, then [C, N] = 0, which forces

Ca3ng = no, C3ang = n3.
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These equations cannot hold for every choice of the independent nonzero parameters u, v, co, c3:
for fixed diagonal data and ¢y, cs, the ratio ny/ng varies with w/v. If p = 0, both displayed
entries of C' vanish and the contradiction is immediate. Choose parameters where one equation
fails. An actual orbit tangent then supplies the ninth direction.

Suppose next that p? = ¢% and 7 # 0. Necessarily p # 0 and g = ep. Put

x=do—dy, y=d3z—di, [f=F31, g=F3;,
h = K312 = Q(y7 —.%'), ] = K213 = Q(.T, _y)7 A= (_x)da B = (_y)d'

The lower-diagonal variations now give Fay + E33. In target coordinates (11,22, 33,23, 32), the
two X variations, that normalized lower-diagonal variation, and the simultaneous orbit directions
generated by Fi9, F13 have columns

pceA pesB 0 na  ng
peo A 0 1 —ny O
0 pesB 1 0 —ng]|. (11)
0 CQj 0 0 —nN2
C3h 0 0 —ns3 0
Its determinant is
2fguvcsei (P*ay® — Qy, —2)Q(x, —y)). (12)

If the final polynomial is nonzero, choose the regular diagonal outside its zero set as well as
the preceding symbol zero sets. This proves rank nine at the same actual nilpotent value.
Interchanging X,Y and P, gives the same conclusion when the corresponding expression for
P is nonzero.

If both final polynomials vanish identically, unique factorization in K s, t] forces each symbol
to be a monomial: a nonmonomial irreducible factor of either symbol would divide s%?. The
endpoint equalities P(1,—1) = p and ¢ = ep then fix the coefficients. The pairs not yet covered
are exactly

P(s,t) = p(—1)&"s"dT, Q(s,t) = p(—1)% 97t 1<rt<d-1, (13)

where p # 0. Conversely each such pair makes both normal polynomials zero. We now treat
every one of these pairs uniformly.

5.1.2. All residual monomial pairs. For (13), set
k=r+/0—d, o= (-1)F, co=p(=1)%T.

At a fixed regular diagonal D, make the invertible linear changes on the hollow input spaces
U=ad}, X and V = ad," V. Then

cg Hpg = Ji(D,U, V) := UV + o ad}, (V) ad F (U). (14)

Any negative exponent in this formula denotes only the inverse of adp on its hollow root spaces
at the chosen regular diagonal. It is not a negative exponent in the original polynomial, nor a
claim about a rational map at singular D.
Take D = diag(0, x,y) with zy(y — x) # 0, and put
a:xka b:ykv c:(y_x)k'

These three scalars are nonzero for every integer k. Choose

0 1 -1
T b 0
The exact normalized value is independent of S, T":
0
Jy=N=[a] (1 1/a —1/b). (16)

b
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Its row-column pairing is 1 —1 = 0, so it is nonzero of rank one and square-zero. Set A = Ta—Sb
and choose A # 0, for example S =0,T = 1.
Here are entry formulas giving explicit tangent certificates without any bound on k. For
arbitrary hollow U = (u;;), V = (v;;) at this fixed D, the entries of Jj, are
Jr)11 = u12v91 + u13V31 + V12U21 + V13U31,
Ji)12 = u13v3z + (b/c)vizusa,
13 = u12023 + 0(a/c)viguas,
21 = Uu23v31 + (c/b)v2gua,

22 = U21V12 + U23V32 + V21U12 + V23U32, (17)

S

<

k)23 = u21v13 + (a/b)varurs,
31 = us2v21 + o(c/a)vsauai,
Ji)32 = uz1v12 + (b/a)vsiuie,

Jk)33 = u31013 + U32v23 + V31U13 + V32U23.

=

(Jk)
(Jk)
(Jk)
(Jk)
(Jk)
(Jk)
(Jk)
(Jk)
(

They follow by multiplying the six root multipliers of ad%, and also verify (16) directly.
Use row-major target order (11,12,13,21,22,23,31,32,33). When o = 1, the nine hollow
input columns in the order

Uiz, U13, U23, U32, V12, V13, V21, V23, V32

have determinant 4abA/c at (15), by differentiating (17). When o = —1, retain the first eight
of those columns and add the output column [Ej9, N]. Their determinant is 2abA/c. For an
additional direct check of this last normal direction, a trace-pairing conormal to all hollow U, V'
directions is

cA 0 0
C = | —2acA —cA — 2a3b> 2a3b
2bcA —2ab? —cA + 2a°V?

The first eight columns have minor 2a®b%/c? on target rows (11,12,13,21,22,23,31,33), and
[C, N] has entries 21 = 2acA, 31 = 2bcA, with every other entry zero. Thus the orbit direction
is genuinely outside the hollow tangent image.

Every hollow U or V direction is realized by an actual X or Y direction at fixed D through
the invertible changes above. The last column in the odd case is obtained by simultaneously
conjugating the actual original variables D, X, Y"; equivariance of (7) gives precisely the corre-
sponding commutator output. No differentiation of inverse powers at a singular diagonal is used.
Restoring cg rescales all outputs by a nonzero scalar. These nonzero determinants prove the
traceful smooth assertion for all residual pairs, including negative, zero, and positive k.

5.1.3. The trace-zero branch and the one-order boundary. Assume P,Q # 0 and 7 = 0. Use
the column-star input (9), with the same nonzero symbol opens and notation f,g,h,j, A, B as
above. The four pure off-block directions remain available. In the remaining traceless coordinates
(11, 22,23, 32), with 33 determined by the trace, the X directions E2, E13 and simultaneous orbit
directions F1o, F13 give respectively

R2 = (p62A7 _pCQAa Oa C3h)7 R3 = (ngB, Oa C2j7 O)a
02 == (712,—712,0, —ng), 03 = (ng,O, —ng,O).

Here ¢ = —ep, so the repeated diagonal contribution has opposite sign from (11). If p # 0, a
normalized lower-block Y variation gives By = (0, 1,0,0), representing E9s — F33. Expansion
gives

det(RQ, R3, By, 02) = jco (Agpvc% + fhucg) .

It is a nonzero polynomial in the independent nonzero source parameters. If p = 0, then ¢ = 0,
and instead

det(Rg, R3,02,03) = — fghjuvcics # 0.
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Choose one common input outside the required zero sets. Together with the four off-block
directions these give rank eight. Since (8) vanishes identically, the original map is smooth into
sl3 there.

If exactly one symbol is nonzero and its trace specialization is nonzero, Lemma 4.3 applies
to h(u,v,w) = P(u —v,v — w), after interchanging X,Y" if necessary. This is an actual smooth
point of the same three-input map, since the hollow inputs used there are allowed here. If its
trace specialization is zero, the proof of Theorem 4.1 fixes one regular diagonal D and one hollow
first input for which the second-input linear map is onto the entire hollow subspace. Its column
derangement determinants are simultaneously nonzero; this is a fixed-input assertion, not just
surjectivity of a union. Choose the second input giving the connected column-star nilpotent
FE51 + E31. The second-input variations fill all six hollow coordinates, while simultaneous conju-
gation gives both traceless diagonal directions, modulo those hollow coordinates. Hence the full
original differential has rank eight. This proves the smooth assertion on the one-order trace-zero
boundary as well.

5.1.4. Actual image and the original fibers. A smooth point gives an open image neighborhood
of its value in the specified affine target. The image of (7) is conjugation invariant and is a cone
by scaling X. The rank-one contraction in the proof of Theorem 2.1 therefore supplies every
nonscalar target in that target space. If 7 = 0, this gives all nonzero traceless matrices; zero is
obtained by X = 0.

For 7 # 0, scalar attainment must also be checked for this repeated-input map. Take a regular
diagonal D, index cyclically modulo three, and put

Xii—1=1, Yo = (d;i —di—1)™%,

with all other entries zero. The forward product contributes p to every diagonal entry and
the reversed product contributes eq; all off-diagonal entries vanish. Thus the actual value is
T13. Scaling X supplies every scalar, proving image Ms. This step does not apply ordinary
multilinear scalar extraction to a map with repeated D. Finally the Jacobian criterion gives
smooth fibers of dimension 27 — dim £; in the regular source local ring their dim £ defining
equations form a regular sequence. This completes the proof of Theorem 5.1. Il

5.2. Traceful pairs in every size. Use the map Hpg in (7), with homogeneous degree d > 2
symbols divisible by st, and put p = P(1,—1), ¢ = Q(1, 1), e = (=1)% and 7 = p + q.
Theorem 5.2 (Traceful two-symbol pairs). Suppose 7 # 0. For every n > 3, the map Hpg :

M3 — M, has actual image M,, and a smooth original three-input point over a nonzero rank-one
square-zero matriz. Its local fiber there is a complete intersection of dimension 2n>.

We prove the theorem by producing compatible seeds for an exact-fiber extension. Surjectivity
in a smaller matrix size alone is insufficient.

Lemma 5.3. Suppose P,Q # 0, 7 # 0, and at size h > 3 there is a regqular diagonal Dg and
hollow Xy, Yy with a nonzero rank-one square-zero value Ny. Assume the derivative of

(D,X,Y,g) — gHpo(D, X, Y)gt, D regular diagonal, X,Y hollow, g€ GLy,

is onto My at this input, and det(ade0 Xo) # 0 for 0 < j <d. Then there is a seed with these
same properties in size h + 1.

Proof. We use an exact singleton extension with a rank-one target and allow one endpoint
coefficient to be zero. Write Ny = ugvf), where vfug = 0. Put D = diag(Dy,t), E = Do — tI,
and initially X = diag(Xo,0). If the upper and lower new Y rectangles are v, w, their output
rectangles are

Aw, wBy,  Ay= ) Pjladp, Xo)E?, Bi= Y Qi(-1)'E'(ad}, Xo). (18)
it+j=d it+j=d
The highest power of ¢ in each sum has an invertible coefficient: homogeneity makes its other

exponent unique, and the corresponding symbol coefficient is nonzero. Choose ¢ so that D is
regular and A;, B; are invertible.
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If ¢ # 0, take the exact target N; = (1;75) 8). It has rank one and square zero. Solve (18)

with v =0 and w # 0. If ¢ = 0, then p # 0; instead take N; = (]\60 “00), solving with v # 0 and
w = 0. The old output block is unchanged and the new bottom-right entry is zero, so these are
exact values at single actual inputs.

For the new upper and lower X components u, z, the bottom-right derivative is

L(u,z) = (—1)d(szdv + qudu). (19)

It is nonzero by the chosen rectangle. Old input and old similarity variations have zero bottom-
right derivative. Their old outputs are onto Mjp, and their rectangular contributions can be
removed using (18). Hence, together with L, the derivative is onto Mp,1. Every (u,z) € ker L
extends to a tangent to the exact target fiber, without changing these raw cross components of
X.

The provisional X has a zero last row and column. Along such a kernel tangent, the first
possible determinant coefficient is

(1) det(ad], Xo) - 2B (ad}, Xo) ' Elu (0 <j <d), (20)

in order two. The last diagonal entry remains identically zero on the hollow source, so no second-
order diagonal correction enters this coefficient. If ¢ # 0, choose a nonzero u in the hyperplane
wE% = 0, then choose z outside the finitely many annihilating hyperplanes in (20). If ¢ = 0,
make the dual choice, first fixing z # 0 in zE% = 0. The hyperplanes have a nonzero vector
since h > 3, and all matrices in these Schur forms are invertible.

The auxiliary source is smooth and its exact target fiber is smooth at the provisional point.
The selected tangent therefore lifts to a formal arc in that fiber. All the determinant coefficients
(20) are nonzero on it; the surjectivity minor and regular-diagonal conditions remain units. Thus
the finite-type exact fiber localized at these finitely many functions has a K ((¢'))-point and is
nonempty. The Nullstellensatz supplies an actual K-point. This uses nonemptiness of a localized
algebraic fiber, not algebraization of an arbitrary formal arc. Removing the similarity parameter
only conjugates the rank-one target and preserves the raw determinant conditions. Surjectivity
of the auxiliary map implies surjectivity for the actual three-input map, since all its directions
are induced by actual D, X,Y variations. [l

5.2.1. Nonresonant pairs. Assume P,Q # 0 and p? # ¢>. Use the smooth column-star point (9)
from the proof of Theorem 5.1. Its value is N = nyFEs; + ngFs31 with naong # 0. The six hollow
Y columns span the coordinates 12,13,21,31,22,33. In the remaining quotient coordinates
(11,23, 32), the two raw upper-row X columns are Ry, R3, and the actual orbit columns generated
by Elg, E13 are
02 = (722, 0, —713), 03 = (ng, —ng, O).

The matrix [Re Rs O2 O3] has rank three by that proof. The orbit columns are independent, so
a nonzero vector in its kernel has a nonzero raw upper-row X component. Cancel its remaining
output using the six Y columns. Raw variations in X»;, X3; have zero output, since they and
Y have only a lower-left column, so the raw lower column can be chosen freely.

At this point every ad}, X has an invertible lower two-by-two block A; and zero first row and
column. A kernel tangent with nonzero upper row u and lower column z gives Schur determinant
coefficient — det(Aj)ujAj_lzj, where u;, z; are obtained from wu, z by invertible root multipliers.
For fixed u # 0 this is a nonzero linear functional of z. Choose z outside the finitely many
kernels for 0 < j < d. As in the proof of Lemma 5.3, lift in this same smooth exact target
fiber and localize. We obtain a genuine size-three seed with all determinant conditions, while
its rank-one nilpotent value and surjectivity are retained. The lemma now gives such a point in
every size. This argument establishes determinant nonvanishing on the actual nilpotent fiber,
rather than intersecting unrelated open sets in the unrestricted source.

5.2.2. The entire traceful resonance. Suppose p°> = ¢®> and 7 # 0. Then q = ep # 0. If both
symbols are monomials, use (15) with S = 0,7 = 1. Its smoothness was proved in Section 5. The
first original input X has exactly one nonzero determinant cycle, X19X23X3;. Every power ad},
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multiplies this cycle by nonzero root differences, so all determinant conditions of Lemma 5.3 hold
at this same point. This extends the residual monomial cases without importing any unproved
all-size smoothness implication.

Otherwise interchange the actual X,Y roles, and hence P, (), if necessary, so that @) is not a
monomial. The resonance remains ¢ = ep # 0. Define

(I)l(l‘,y, Z) = qde(yv Z) - Q(y7 —JI)Q($, Z)?
(DQ(x?y? Z) = qde(CL’, Z) - Q(Hf, _y)Q(y7 Z)

These are both nonzero. Indeed, if ®; = 0, setting =z = 1 gives ¢Q(y,2) = Q(y,—1)Q(1, 2).
The two factors are nonzero, and their Cartesian-product monomial support has constant total
degree only when each consists of one monomial. Thus @ itself is a monomial. Conversely a
monomial satisfies that identity. Finally ®o(z,y, 2) = ®1(y, x, 2).

Choose D = diag(0, z,y, —z) regular and set

a=Q(x,2), b=Q(y,2), f=Plx—-yy), g=Ply—mzx), u=a/f, v=0/g

Require these four symbol values, ®1, P, and every P, (Q value on a distinct-three-vertex path
to be nonzero. For any such path, its two differences are independent linear forms in z,y, z.
Each required factor is therefore a nonzero polynomial. Their finite product with the regularity
factors is nonzero, so one common choice exists. With a further parameter p # 0, put

X = By + pEy +ulas +vE3, Y = E21 + E3:1. (21)
Direct multiplication of the complete map gives
Hpo(D,X,Y)= N = (0,a,b,0)*(1,0,0,1).

The forward paths 2 —+ 3 — 1, 3 — 2 — 1 and the reverse paths 2 -1 — 4, 3 - 1 — 4 are the
only surviving paths. Thus the value is independent of p, nonzero of rank one, and square-zero.
The two two-cycles supporting X show that

det(ad’, X) = puv((dy — da)(dz — d3))” #0  (j > 0).

It remains to prove smoothness at a single such input. Put A = {1,4}, B = {2,3}, and let o
exchange 1,4 and 2,3. Write h; = X ;(;).- The eight cross-block hollow Y directions split into
four pairs. For a’ € A,b € B, the columns Yo, Yo(ayo) and the rows Hy o)y, Horo () glve

the matrix
(ha(a’)Pa(a’),a’,b’ ho(b’)QU(a’),o(b’),b’>
hb’Qa’,b’,U(b’) ha Pa’,a(a’),a(b’) ’

where Py, = P(d; — dj,d; — dy) and similarly for Q; the analogous pairs with A, B exchanged
supply the other block. Each determinant is the difference of a nonzero multiple of p and a
nonzero multiple of uv. A single p # 0 avoids their finitely many roots. The eight cross-block
outputs are then independent. The within-pair Y directions supply F11 + E44 and Eog + E33,
by ¢ =ep # 0.

Let C' annihilate these directions and all remaining hollow X and actual orbit directions under
the trace pairing. The preceding ten outputs force

k 7
CAZ(}Cl _ec>7 CB=<m —k)’

with no cross blocks. The raw Xyo direction gives Pjo1F41, so e = 0. Actual simultaneous
conjugation of D, XY gives [Z, N]| and hence [C, N] = 0. Comparing the two rank-one factors
of N gives

h = —2c, l=—(c+k)a/b, m = —(c—k)b/a.
The X direction has diagonal part gz?(E1; + E) and remaining entry Q(y, —2)E3s. Pairing
with C yields (¢ + k)®;/b = 0. Likewise X3 yields (¢ — k)®2/a = 0. Thus ¢ = k = 0, and
then C' = 0. These actual hollow and orbit directions span all My, including its trace direction.

Lemma 5.3 now extends this guarded point to every n > 4; size three is separately covered by
Theorem 5.1.
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5.2.3. Actual images and local fibers. If one complete symbol is zero, the traceful assertion
follows from Lemma 4.3. Otherwise the nonresonant and resonant cases exhaust 7 # 0. At each
smooth point, openness and the cone/conjugation argument in Theorem 2.1 give all nonscalar
values. For scalars in this repeated-input map, choose regular diagonal D, use cyclic indices
modulo n, and set

Xiic1=1, Yiori=(di —di—1)™%

All other entries are zero. Direct multiplication gives Hpg = 71I,; scaling X gives every scalar.
This is not ordinary-multilinear scalar extraction with the repeated D treated as independent.
The Jacobian criterion gives the asserted three-input fiber dimension and regular sequence. This
proves Theorem 5.2.

6. COMPLETE TWO-ACTIVE COEFFICIENT FIBERS IN EVERY SIZE AT LEAST THREE

We retain the standing algebraically closed, characteristic-zero field K. The results concern
the unchanged original ordinary multilinear polynomial. We first treat a nonzero complete two-
active restriction with one common passive matrix. Section 7 then treats the genuine second-layer
portion of the common kernel of all these tests.

Theorem 6.1 (The complete original coefficient fiber). Let f be ordinary multilinear in m =
d + 2 original variables, d > 2. Suppose that for some two original positions its complete
restriction, with X,Y in those positions and D in all others, is Hpg of (7), where P,Q are
homogeneous of degree d, st | P,Q, and (P,Q) # (0,0). For each n > 3,

sly, trf is an identity on M,
M,, trf is not an identity on M,,.

Val,(f) = {

In the first case f : M) — sl,, has a smooth original input over a nonzero rank-one square-zero
matriz; its local fiber dimension is mn® —n? + 1. In the second case f : M™ — M, has a
flat original input over such a matrixz, and its local fiber is a complete intersection of dimension
mn? — n?.

The restriction identity may be an actual identity on the fized M, ; a free identity suffices to
apply the statement in every size. Arbitrary same-degree ordinary corrections with zero complete
selected restriction are permitted, including the entire proper J> and all higher powers, with
every crossing partition and order. The target is always chosen from the actual size-n trace of
the corrected polynomial, and the nilpotent input may change with that correction.

Theorem 5.2 already proves the smooth full-matrix conclusion when the trace of the restriction
is nonzero. The remaining problem is not merely to find a trace-zero restriction value. One
must select a nilpotent input of that same restriction where the first surviving trace term of the
complete original map does not disappear on its exact traceless fiber. The following theorem
provides the needed compatibility.

Put V,, = {4 € M,, : A;; = 0}, the hollow subspace, and keep p = P(1,-1), ¢ = Q(1,—1),
e=(=1)%and 7 = p + eq. At a fixed regular diagonal D, write

Hp(X,Y)=Hpo(D,X,Y), Tp(X,Y,q)=gHp(X,Y)g™", X,Y €V, gcGL,.

For 7 = 0, let Gp consist of hollow pairs whose raw value is nonzero rank-one square-zero and
for which dI'p is onto sl,, at (X,Y,I). Let Q’%uard be the subset satisfying

det(ad}, X) #0  (0<j <d). (22)
The simultaneous conjugation in I'p is realized in actual inputs by
(D, X,Y) = (9Dg ™', 9Xg~ ', gYg ™).

In the original polynomial it conjugates every passive D slot as well. Raw tests and determinant
conditions below refer to X, Y before this auxiliary conjugation.
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Theorem 6.2 (Compatible nilpotent bilinear detection). Assume (P, Q) # (0,0) and 7 = 0.
For every n > 3 there is a nonempty Zariski-open set (1, of regular diagonal matrices such that,
for each fixed D € §y,, the tensors

{X®Y :(X,Y)eGp} spanV, ® V.

For n > 4 one may require (22); if p # 0, these guards can also be required in size three. After
allowing arbitrary diagonal parts in the original X,Y , every nonzero bilinear form on M, x M,
is nonzero at one actual smooth nilpotent seed of this same Hpg and this same D.

The span in this statement is a linear-functional detector, not an assertion that a polynomial
image can be added. Given a nonzero bilinear form, it supplies one compatible original input.
The fixed open 2, is independent of that form. In particular, a form whose coefficients depend
on D is first specialized at a suitable D € 2, and then detected at that same D.

The proof splits exhaustively into p # 0 and p = ¢ = 0. In the latter case the cubic cycle
norm separates invertible hollow operators from a two-dimensional cycle kernel. The former
case needs one four-vertex Laurent calculation. Once a guarded spanning set is available in size
four, a tensor uses at most four vertices, and the remaining size induction is uniform. We first
record those common mechanisms, so that they are not repeated in each coefficient family.

6.1. Diagonal enrichment and exact guarded extension.

Lemma 6.3. For fized regular diagonal D, hollow tensor detection by Gp implies full M, x M,
bilinear detection by actual smooth nilpotent seeds of Hp.

Proof. All active adjoint exponents are positive. Adding arbitrary diagonal matrices Dx, Dy to
the original XY therefore leaves the value unchanged. The hollow controls and simultaneous
conjugation, including these added parts, retain the same smooth certificate. Suppose a bilinear
form vanishes on every enriched pair. Its coefficient bilinear in Dx, Dy is zero. Its coefficients
linear in either added part vanish on the projections of the hollow seed set. Each projection
spans V,,: otherwise a nonzero functional vanishing on that projection, tensored with any nonzero
functional on the other factor, would contradict the hollow tensor span. Thus both mixed parts
vanish. The remaining hollow-by-hollow part vanishes by hypothesis. O

Lemma 6.4 (Trace-zero guarded singleton extension). Suppose P,Q # 0, 7 =0, and (Xo, o) €
g%,‘;‘““d i size h > 3. For a generic new diagonal entry z the same symbol pair has a guarded
smooth rank-one square-zero seed in size h+ 1 at D = diag(Dy, z). Moreover, any raw function
nonzero at the provisional input below can be retained while restoring all guards on its exact
saturated fiber.

Proof. Write the raw value as Ny = vy, with vjug = 0, and set E = Dy — zI and X =
diag(Xo,0). The full new upper and lower Y rectangle maps are

F(z)= Z Prs(adp, Xo)E®,
r4+s=d

G(2) = Y Qrs(—1)"E"(ad}, Xo).

r4+s=d

F(2)y, wG(z), (23)

The largest s in the first sum and largest r in the second have invertible leading coefficients by
(22). Homogeneity makes the other exponent unique, so there is no leading cancellation. Choose
one z making D regular and both matrices invertible. For A # 0 take y = 0 and w = Av§G(z) L.
The complete raw value is

N 0 uop
Ny = ()\v% 0) = <)\)(v(t),0), N12 =0, rankN; =1. (24)

Old controls give the old slj, block after correcting any new rectangles; (23) fills both rectangles.
A genuine new orbit direction Z = (§§) gives

[ Aevf —Noe
12, N1] = ( 0 —Avée) :
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Choose vie # 0. Its bottom-right entry supplies the missing scalar direction; its old-block trace
is the opposite scalar, and the remaining old traceless part and rectangles can be corrected.
Thus dI'p is onto slp41. This is an actual orbit normal and does not require either endpoint to
be nonzero.

Prescribe any raw new X upper column a and lower row b. Their complete derivative is
traceless and can be canceled by the old, Y-rectangle and orbit controls just described. These
corrections do not change the specified raw X cross components. Hence (a,b) extends to a
kernel tangent of the exact I'p = Nj fiber. For a formal arc parameter t, the first determinant
coeflicient is

det(ad), X (1)) = (—1)7"? det(ad),, Xo)bE (ad)y, Xo) " Ela+ O(t%). (25)

Choose a # 0 and then b outside the finitely many annihilating hyperplanes. All coefficients in
(25) are nonzero. The exact fiber is smooth at the provisional point, so the kernel tangent lifts to
a formal arc in it. A surjectivity minor, and any raw function nonzero at the provisional point,
are units on this arc. The finite-type localization inverting these functions and all guards is
nonempty, and has an actual point over the algebraically closed base field. This uses nonempti-
ness of a localization, not an assertion that an arbitrary formal arc algebraizes. Finally discard
the auxiliary g; the raw value is conjugate to N1, and raw guards and tests have been retained.
No global irreducibility of the exact fiber is needed. O

The rectangle and Schur mechanisms also appear in Lemma 5.3. Here the trace-zero orbit
normal permits arbitrary raw cross tangents and preserves raw tests in the same exact nilpotent
fiber, including when p = ¢ = 0.

Lemma 6.5 (Four vertices suffice for the size induction). Suppose the same nonzero trace-zero
pair has guarded hollow tensor spanning in size four at generic diagonal parameters. Then it
has that spanning property in every size n > 4.

Proof. Work over the algebraic closure of K(dy,...,d,). On an old h = n—1 vertex set choose a
finite guarded spanning collection defined over the algebraic closure of its old diagonal field. The
new diagonal entry is transcendental over these data, so Lemma 6.4 applies. Spanning survives
scalar extension to the full diagonal field.

If a bilinear T" vanishes at all guarded good size-n pairs, its value at each provisional extension
must be zero: a nonzero value would be retained by the exact-fiber guard restoration. That value
is

Th(Xo, Yo) + AT (diag(Xo, 0), <v6 ot 8)) .

It vanishes for every A # 0, hence its constant term vanishes. The old spanning collection forces
Ty, = 0. This works after removing any vertex. For n > 5, a pair of hollow matrix units uses at
most four vertices and lies in some (n — 1)-vertex subset. All coefficients of 1" are therefore zero,
proving the induction. O

Lemma 6.6 (One diagonal open independent of the test). A hollow tensor-spanning assertion
proved at the generic diagonal point by actual smooth nilpotent seeds descends to one nonempty
open 1, of regular diagonal tuples, with the same fixed-D assertion at every D € Q,,. The guards
may be included.

Proof. Select finitely many generic seed tensors forming a basis. Place D, their raw inputs,
auxiliary invertible matrices, raw rank-one square-zero equations, a nonzero entry in each value,
chosen surjectivity minors, the tensor-basis determinant, and the required nonzero guard de-
terminants in one finite-type incidence scheme. Its projection to diagonal D is dominant. By
constructibility its image contains a nonempty open. Every nonempty finite-type fiber over a
K-point has an actual K-point, since K is algebraically closed. This gives the same diagonal
open for all tests simultaneously.

When a construction uses Laurent series, a nonzero raw test yields an extension-field point of
this incidence, hence its nonemptiness. One does not descend a fixed fiber whose target itself
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has Laurent coordinates. In applications below the Laurent parameter changes raw X, Y, g while
D, and any D-dependent coefficients of the test, are fixed. O

6.2. The nonzero-endpoint trace-zero stratum. Throughout this subsection, the complete
symbols satisfy

p=PL-1)#0, q=QL—-1)=—-, e=(1)" (26)

In particular, both symbols are nonzero. There is no restriction on their other coefficients. We
write G5 for the hollow pairs (X,Y) such that Hp(X,Y) is nonzero of rank one and square

zero, the differential of I'p is onto s, at (X,Y, ), and
det(ad), X)#0 (0 <j<d).

The guards and all tensor evaluations in this subsection concern the raw matrices X, Y, before
the auxiliary conjugation in I'p.

Theorem 6.7. Assume (26). For every n > 3 there is a nonempty open set Q, of regular
diagonal matrices such that, at each fixed D € )y,

span{X ®Y : (X,Y) € Q%uard} =V, ®V,.

Consequently, after arbitrary diagonal parts are allowed in the two original active inputs, the
actual smooth nonzero rank-one square-zero seeds detect every nonzero bilinear form on My, x M,,.

We prove the tensor assertion first over the algebraic closure of the field of generic diagonal
parameters. This keeps D fixed throughout each fiber argument. In particular, the coefficients
of a bilinear form under examination are allowed to belong to this field, but they are held
fixed during every source deformation. The final passage to one common open set of diagonal
parameters is Lemma 6.6.

6.2.1. Guarded detection in size three.

Lemma 6.8. Under (26), at a generic reqular diagonal D of size three the tensors of g%“ard spamn

Vs®V3. Moreover, the exact local fiber at a generic column-star seed has a nonempty open subset
on which all the raw adjoint-power guards hold. One may impose simultaneously any prescribed
finite collection of additional guards of the form det(W o X)) # 0, where W o X = (w;; X;;) and
all siz off-diagonal w;; are nonzero constants in the fized coefficient field.

Proof. Choose D = diag(dy, dz, d3) with all distinct-three-vertex path values of P and @ nonzero.
These conditions hold at the generic diagonal: on any such path the two differences are inde-
pendent linear forms, and neither symbol is zero. Use the column-star chart (9)—(10), namely

X =uFEs3 + vEsg, Y = coFo1 + c3E3y, uveges # 0. (27)
For clarity, put
f=P(dy —ds,ds — dy), g = P(ds — da,dy — dy),
h = Q(d3 — di,d; — da) J = Q(dz — dy,d1 — d3),

A=(di—ds)?, B=(di—d3)?,  C=(do—ds)",
ny = ucs f, ng = vcag, n = na/n3.

The exact value is N = ngFs; + n3F31. The trace-zero column calculation in the proof of
Theorem 5.1, following (11), gives the remaining four-column minor

jeo (Agpvc% + fhucg). (28)

Together with the four pure off-block Y columns already displayed there, it proves that I'p
is smooth onto sl3 at a nonempty open set of these star parameters. All the columns use
hollow input variations or true simultaneous-conjugation directions; no variation of the diagonal
parameters is needed.

We first identify a complete kernel tangent, since both the guard restoration and the tensor
calculation depend on its full output. The hollow Y tangent image is spanned by the four
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off-block coordinates 12,13,21,31 and the line E9y — E33. Modulo this image, use coordinates
(11,23,32). The raw X directions Ej9, F13 and the orbit directions generated by Ej2, F13 have
columns
Ry = (pAc2,0,hes), Rs = (pBcs, je2,0), Oz = (n2,0,—n3), Oz = (n3, —n2,0).
Set
Lo = pAco + nhes, L3 =pBecs + 77_le2. (29)
The following are variations of the actual auxiliary source at (X, Y, I):
0X = L3FE13 — Lo FEs,
hesL jco L
s Cc3 L3 Eyy — Jcal2

FE
n3 ng % (30)

LoLg

pCu Ez2.

The first two lines have zero output in the displayed quotient. Their remaining output is

—LoL3(FE2— E33). The last line cancels it, because dHp(FEs32 in Y') = pCu(FE2 — E33). Thus the

complete differential of I'p on (30) is zero. In particular, the Y3y correction cannot be omitted.
The two scalars Lo, Ls are nonzero for generic star parameters. Independently add zoFo; +

z3F31 to 0.X; it has zero output, since every product of this lower column with the current Y is

zero. For a fixed entry-weight matrix W as in the lemma, the determinant along any arc with

this tangent has coefficient

oYy =

[tQ} det(W o} X(t)) = w12w23w31L3u23 — w13w32w21L2’022. (31)

Indeed, a hollow 3 x 3 determinant is the sum of its two oriented three-cycle products. Each
such product here contains two entries vanishing at ¢ = 0, so second-order corrections to the arc
cannot affect this coefficient. The right side is a nonzero linear form in (z2,23). This applies
to each wyp = (dg — db)j7 0 < j < d, and to every additional W under consideration. Choose
(22, z3) outside the finitely many kernels.

Let F be the exact fiber FBl(N ) and let x, be the chosen star point with auxiliary parameter
I. The source and the map are smooth at ., so F is smooth there, its local ring is a regular
local domain, and the selected kernel tangent lifts to a formal arc in this same fiber. Formula
(31) makes every required guard a nonzero element of that local domain. A chosen surjectivity
minor is a unit. Their product therefore defines a nonempty open subset of the local fiber. More
concretely, its formal point proves that the corresponding finite-type localization is nonempty,
and over an algebraically closed coefficient field it has an actual point. Discarding the auxiliary
g only conjugates the value; it does not change the raw guards or the saturated differential rank.

This argument also gives the precise continuation principle needed below. If a raw bilinear
form T vanishes on all guarded good pairs, then its germ on F at x, is zero. Otherwise its
product with the nonzero guard product would be nonzero in the local domain, and localizing
also at T would give a guarded good pair with 7" # 0. Consequently both the value of T" and
every kernel derivative of T vanish at each generic column star. We do not assert that the
unguarded star itself satisfies the determinant guards.

The same continuation principle holds at row stars. Write R°P(s,t) = R(¢,s). Direct trans-
position gives

Hpo(D, X" Y") = e Hgop por (D, X,Y)". (32)

The transformed endpoints are —p and ep, so the transformed pair again satisfies (26). Moreover
add(X*) = (—1) (ad], X).
Thus transposition preserves the guards on the first raw slot as well as the rank-one, square-
zero and saturated smoothness conditions. Applying the column argument to the transformed
symbols proves the row assertion for the original symbols.
We now compute the annihilator. Vanishing at the column stars and row stars, with each

isolated vertex in turn, kills every coefficient T'(Eqp, Ecq) for which {a,b} # {c,d}. To see the
coverage explicitly, two different edges in a three-vertex set share exactly one endpoint. A column
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star covers either orientation of the complementary X edge with a Y edge ending at the isolated
vertex, and a row star covers the orientations with that Y edge starting there. Independence of
u, v, c9, cg then Kkills the individual coefficients.

At (27), consider the raw variation

0Y = uls3 + evEss. (33)

It preserves the exact value: the new lower diagonal contributions are multiples of ep + g = 0.
Its tangent therefore belongs to the exact local fiber above. Since the germ of T on that fiber is
zero, its derivative on this tangent is zero. Expanding in u,v and repeating with each isolated
vertex gives

T(Eaw,Ew) =0,  T(Ep, Ew) = —€T(Eqa, Eva) (a <Db).
Only this derivative of the germ is used; no guard condition on the points of the shifted-star
family is being presumed. The remaining form has the shape

T(Xa Y) = Z Cab(XabY;)a - eXbaYab)' (34)
a<b

Apply its derivative to the complete kernel tangent (30). The result is

0= cracals — c13c3Lo + ]%”LQL?,. (35)

For fixed nonzero cy,cs, varying u/v makes n vary through a nonempty open subset of the
multiplicative line; the smoothness restriction (28) removes only a proper closed subset. Hence
(35) is a Laurent-polynomial identity in 1. With ¢ = co3/(pC), its coefficients of n~! and 7
respectively give

c12 = —(pA, c13 = (pB, (eacs(hj — p*AB) = 0. (36)
The final equation is the constant coefficient after the first two are substituted.

Suppose first that @ is not a monomial. Put x = dy — dy, y = d3 — d1. If the norm difference

in (36) vanished identically, it would give
Qly, —2)Q(x, —y) = p*a’y? = ¢*z%y".

Unique factorization forces both factors on the left to be monomials, and the invertible substi-
tutions force @ itself to be a monomial, a contradiction. Thus hj — p?AB # 0 at the generic
diagonal, so ¢ = 0 and 7' = 0. If @ is a monomial but P is not, apply the same argument to
the transformed pair in (32) and the form 7'(X,Y) = T(X*' Y*"). Its reverse symbol P°P is not
a monomial. This transposition, rather than an exchange of the two active inputs, retains the

guard on the required raw X slot.
It remains to treat two monomial symbols. Write

P = qps"t4, Q = Bys't*, k=r+/{—d, o= (—1)’“.

The endpoint condition says p/ap = —o. As in (14), make the invertible hollow root-space
changes U = adp X, V = ad‘é_T Y. The present trace-zero normalization is
g Hp(X,Y) = J~(U,V) := UV — oadf (V) ad " (U). (37)

Negative powers here mean only inverse root multipliers at the fixed regular diagonal. They do
not change the original polynomial. Put a = 2*, b = y*, ¢ = (y — )", all nonzero, and take the
same support as (15):

01 -1
U=10 0 a |, V = FEo1 + E31, 0 # 0. (38)
6 b O
Its exact normalized value is
0
JSU,V)=a] (1 -1/a 1/b),
b

which is nonzero of rank one and square zero.
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For completeness, the trace-zero tangent minor is recorded explicitly. Use the eight columns

u12,U13, U23, U32, V12, V13, V21, U23

and output rows (11,12,13,21,22,23,31,32), with the last diagonal entry determined by trace
zero. The entry formulas (17) apply with the sign of every reverse-order summand changed.
Their indicated derivative matrix is

1 1 0 0 0 —0 1 0
O 0 00 0 b/ 0 0
0 0 0 0 —oa?/c O 0 1
0 0 10 0 0 0 —cl/b
-1 0 00 0 0 -1 —b
0 —a/b 00 0 0 a/b 0
0 0 01 0 0 b 0
“bfa 0 00 0 0o 0 0

Its determinant is

(39)

—ab(fc + 2ab?)/c?, o =1,
ab(—0c + 2ab?) /2, o= —1.

Choose 6 # 0 away from its one root. These hollow directions already give the required rank

eight. Furthermore, the raw X has exactly one nonzero determinant cycle, X192 X23X31. Every

ad’, multiplies its factors by nonzero root differences, so all the guards hold at this very seed.
Equations (36) leave at most the form

T = (p[—A(X12Ya1 — €X21Y12) + B(X13Y31 — €X31Y13) + C(X23Y32 — €X32Y23)].
At (38), undoing the root-space changes gives
T(X,Y) = —2Ca.

Indeed, only Y51, Y3 are nonzero, and the two contributions inside the brackets both equal
—(=1)%" while p = ap(—1)4"". Thus ¢ = 0 also in the last case. This proves the lemma. [

6.2.2. The four-vertex tensor coefficients.

Proof of Theorem 6.7. Size three is Lemma 6.8. By the guarded extension and support argument
of Lemmas 6.4 and 6.5, size four is the only further tensor calculation needed. We give that
calculation at one fixed generic D = diag(dy, ds, ds,dy).

Let T be a bilinear form on Vj x V4 vanishing on all guarded good pairs. Restriction to each
three-vertex set is zero. Here the use of the extension lemma is essential: if Hp,(Xo, Yo) = uovg is
an old guarded seed, its provisional extension has new lower Y row )\v(t)G_l and X = diag(Xj,0).
A nonzero value of T there would survive restoration of the guards in its exact fiber. Thus the
provisional value is zero for every A # 0. Its constant term in A is the value of the restriction
of T at the old seed, so the size-three tensor span makes that restriction zero. Consequently we
may write

T(X, Y) = Z Cab,ceXab}/;:e- (40)
a,b,c,e pairwise distinct

Designate vertex 4 as new, and isolate vertex 1 in the old three-vertex block. Write z = dy,
Dy = diag(dy,dz, ds). Start with the generic column star (27), whose value is Ny = nel, where
n = (0,n2,n3)". The two rectangle matrices of Lemma 6.4, in the convention of (18), are

F(z)ab = P(da - dba db - Z)Xaba
G(2)ap = Q(z — da,da — dp) Xapy  (a #D),

At the generic four-tuple each of these six weights is nonzero: the two displayed arguments are
independent diagonal differences. They are fixed constants during the following deformation.

F(2)aa = G(2)aa = 0. (41)
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Use the exact-fiber tangent and formal arc from the proof of Lemma 6.8, imposing also
det F'(z) # 0 and det G(z) # 0 as its additional entry-weight guards. Formula (31) permits all
these choices simultaneously. Thus there is an arc

(X(8),Y (). 9(t)) €T, (No),  g(t) =1+ 0(t),

on which every required determinant has nonzero quadratic leading term. Only the raw X,Y
and the auxiliary g vary with . The diagonal entries dj, ds, ds, z, and the coefficients of T', do
not vary. The surjectivity minor at the initial star remains a unit. The raw old value factors as

Hp,(X(1),Y (1)) = g(t) " Nog(t) = u(t)v(t)",
u(t) = g(t)"'n, (42)
v(t) = elg(t) = e + O(t).
The change of the right factor will be included in the inverse calculation; it is not replaced by

the constant row ef.
Split G(z) into vertex 1 and the block B = {2,3}:

o0~ oty Bi0):

At t = 0, B(0) is the invertible hollow two-by-two block whose entries are the nonzero weights
in (41) times w,v. Both p(t) and k(t) are O(t). Its scalar Schur complement satisfies
S(t) = —p(t) B k(1) = 12 + O(F), £ 0, (13)
because det G(z,t) = det B(t) s(t) and its quadratic coefficient was required to be nonzero. Write
v(t)t = (v1(¢),vp(t)). The block inverse gives exactly
(v(t)'G(z,t)™ 1) = (v1 —veB 1k)s!,
(v(t)'G(z,t) g = —(v1 —vpB 'k)s ' pB~! +vpB~L.
Here v1 = 1 + O(t) and vg = O(t), so the Schur correction vg B~ is O(t?). In particular,
W) G t) =7t + 00, (WB)'CG(z,t) )2, (W(B)'Glz,t) s = 0(t™").  (44)

Thus the moving auxiliary conjugation does not cancel the leading pole.
Over the Laurent extension field form the provisional size-four input

X = <Xo(t) 8> . Y= (uwtgg?, £ 8) : (45)

The complete output, not merely its leading term, is
g oy (u@u(t)" 0) _ (u(t) t
HD(XaY) - ( U(t)t 0o/~ 1 (U(t) O) .

It is nonzero of rank one and square zero. The rectangle matrices are invertible, so Lemma 6.4
gives saturated smoothness at this provisional point as well as restoration of all size-four raw X
guards while retaining any raw function nonzero there.

By (40), terms supported on three old vertices are absent. The raw X rectangles involving
the new vertex are zero. Equations (27) and (44) therefore give

[t_Q] T()?, ?) = ’}/_1 (023,41u + 032,41’0). (46)

Indeed, terms with Yj9 or Y;3 must use an old X edge incident to vertex 1. Such X entries are
O(t), whereas those two Y entries are only O(¢t!), so they cannot contribute to the displayed
coefficient. The only possible order ¢t =2 terms use Y31 and Xo3 = u + O(t) or X33 = v + O(t).
If either of the two coefficients on the right of (46) were nonzero, choose the independent
generic star parameters u, v so that their displayed linear combination is nonzero, retaining the
finitely many smoothness and guard conditions. Then 7' is nonzero at the provisional Laurent
input. The guard-restoration part of Lemma 6.4 supplies, over an algebraically closed extension
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field, a guarded good raw pair with 7' # 0. To turn this into the required contradiction at the
fixed generic D, use the finite-type incidence defined by the conditions

rank Hp(X,Y) =1, Hp(X,Y)>=0, Hp(X,Y)#0,

d
dl'p onto sly, H det(ad], X) #0, T(X,Y)#0.
j=0
Rank one and the differential condition are imposed on the appropriate open minor charts. The
construction gives a point of this incidence over an extension of the fixed diagonal coeflicient
field, so it is nonempty. The algebraically closed coefficient field therefore supplies an actual
point, contradicting the hypothesis on 7. It is the incidence of raw rank-one square-zero values,
smoothness, guards and T # 0 that is descended here. We do not attempt to descend an exact
target fiber whose target coordinates have themselves become Laurent series.

It follows that Ca3 41 = C3241 = 0. The same argument with each isolated old vertex kills all
disjoint-edge coeflicients whose Y edge points from the designated new vertex. Transposition
(32), applied to the transformed symbol pair and transformed bilinear form, gives the identical
lower-row argument for coefficients whose Y edge points to that vertex. It preserves all the raw
X guards and does not invoke the size-four conclusion being proved. Finally the designation
of the new vertex is free: for any tested Y edge one may designate either of its endpoints as
the new vertex and use the other three vertices as the old block. This relabeling includes terms
whose X edge contains the original label 4; permuting only the old three labels would not suffice.
Every coefficient in (40) is zero.

This proves guarded size-four spanning. Lemma 6.5 now proves it in every size n > 5: a
pair of hollow matrix units uses at most four vertices and is contained in an (n — 1)-vertex
set. The induction is carried out over the generic diagonal field. For each old vertex subset,
its finite spanning collection may first be chosen over the algebraic closure of its own diagonal
field; the added eigenvalue is transcendental over those old seed data. The rectangle inverses in
Lemma 6.4 therefore exist by their invertible leading coefficients. Scalar extension preserves the
old span, even when the coefficients of T" depend on all diagonal entries. Thus no incompatible
numerical diagonal choices are made at different stages. Lemma 6.6 then supplies one nonempty
open €2, and actual spanning collections at every D € €,.

The full-matrix detection statement now follows from Lemma 6.3. Its hypothesis holds be-
cause st divides both complete symbols, so adding arbitrary diagonal parts to the two original
active inputs does not change the value or the available hollow and simultaneous-conjugation
smoothness controls. O

6.3. The complete zero-endpoint seed detector. We retain the notation Hp, V,,, and I'p
and the adjoint-power guards introduced above. Throughout this subsection

P(1,-1)=Q(1,-1) =0, (P, Q) # (0,0).

Since st divides both symbols, every nonzero symbol is divisible by st(s + ¢), and in particular
d > 3. For path indices put

Pij = P(d; — dy, dy, — dj), Qikj = Q(di — di, dy, — dj).
At diagonal D the complete map, including both orders, satisfies

(Hp(X,Y))ij = Z(Piijikij + Qi Yit Xk, (Hp(X,Y))s = 0. (47)
k
The terms with k£ = ¢ or k = j vanish. Thus Hp maps V,, x V,, into V,,.

Theorem 6.9 (Zero-endpoint detection in every size). For every n > 3 there is a nonempty
Zariski-open set Q) of reqular diagonal matrices such that, at each fixed D € €, the tensors

X®Y, (X,Y)egp, span V,, @ V,,. Thus these are actual nonzero rank-one square-zero values,

and dl'p is onto sl, at (X,Y,I). For n > 4 the same spanning assertion holds for g%“ard, with

all adjoint-power guards on the raw first input X. Allowing arbitrary diagonal additions to the
original X and Y gives tensors spanning M, @ M,.
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The one-order fixed-input operators are given in Theorem 4.1 and Corollary 4.2. The size-
three star differential is also contained in the proof of Theorem 5.1. We write the cycle operators
in the convention (7) and prove the tensor-detection and exact-fiber assertions below.

6.3.1. The common-zero-row detector in size three.

Lemma 6.10. The unguarded hollow assertion of Theorem 6.9 holds in size three, including
either one-order boundary.

Proof. Choose one regular diagonal D for which every triple-distinct evaluation of every nonzero
symbol is nonzero. These are finitely many nonzero polynomial conditions: for a fixed triple the
two successive differences are independent linear coordinates. Their simultaneous nonvanishing
therefore defines a nonempty open set.

Fix an index 4, and let R; C V3 be the linear space of hollow matrices with row i zero.
For X,Y € R; their complementary two-by-two hollow blocks have products supported on the
diagonal. Those diagonal contributions vanish in (47). Consequently Hp(X,Y") is supported on
column ¢, off its diagonal. Every nonzero value on R; x R; is therefore rank one and square-zero.
We show that a nonempty open subset of this entire irreducible pair space consists of smooth
seeds.

Relabel ¢ = 1. If both symbols are nonzero, take

X = uFs3 +vE39, Y = coF9 + c3FE3q, UVC2C3 7& 0.
The value is
N =ngFEa + n3Es, ng = Pagjucs, ng = Paajvcy,
with nong # 0. Four actual Y variations and two actual X variations give the following pure
hollow directions:
variation ‘ 0Y31 0Yo1 0Y13 0Y19 0X13 0X12
output | PpiuFs1  Psp1vE31 QuavE12 QuasuFi3 QaizcaFas  QaiaczEs.

Here each variation denotes a unit change of the indicated raw entry. All multipliers are nonzero;
any potential diagonal contribution is zero by the endpoint hypothesis. The fixed-D derivative
therefore fills V5. The orbit directions generated by F12, E13 have diagonal projections ng(F11 —
Es9) and n3(E1; — Es3). Thus dI'p has rank eight.

If Q = 0and P # 0, instead take both X and Y in R; with all four entries 21, 31, 23, 32 nonzero.
The output again has both lower column entries nonzero. The Y variations Fsq, F3; give the
two pure lower-column directions, with multipliers P301 X320 and P31 X23. The X variations
FE9, Eq3 give the two pure upper-row directions, with multipliers Pjo3Yo3 and P32Y30. Finally
the Y variations E19, F13 give the two lower off-diagonal directions, with multipliers P310X31 and
P513X91. Thus the fixed-D hollow derivative is again onto, and the same two orbit directions
complete it to sl3. If P = 0, exchange the actual input slots. This proves the required nonempty
openness for every R; X R;.

Let a bilinear form 7" vanish on all smooth nilpotent seeds. Its restriction to R; X R; vanishes
on a nonempty open subset, hence vanishes identically. Given any two hollow units E,, and
FE.4, there is an index ¢ different from both row indices a,c. Both units belong to R;, so
T(Ea, Ecq) = 0. All hollow tensor coefficients vanish. This is a size-three argument: the
complementary block has size two, and no common-zero-row assertion in larger size is being

used. O

6.3.2. A nonzero cubic cycle norm. Set u = —s — t and define the homogeneous polynomial

Apg(s,t) = P(s,t)P(t,u)P(u,s) + Q(s,t)Q(t, u)Q(u, s). (48)

Its coefficients are cubic polynomials in the symbol coefficients. A nonzero one-order symbol
has nonzero cycle norm, since all three linear substitutions in its product are invertible.

Lemma 6.11. If Apg # 0, then for every n > 3 the determinant of
LD7xiVn—>Vn, Y>—>HD(X,Y),
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is a nonzero polynomial in diagonal D and hollow X. Consequently, for D in a nonempty
regqular-diagonal open set there is a dense open set of hollow X on which Lp x is invertible, even
after imposing all adjoint-power guards on X.

Proof. First take n = 3. Use input order
(Y13a }/217 }/327 }/127 }/237 }/:31)

and output order
(H12, Has, H31; H13, Ha1, Hsz).

In these orders the full matrix of Lp x is block diagonal with blocks

Q132X32 0 Pi32X13 Q123 X23 P13 X2 0
Py13X21  Q213X13 0 , 0 Q231 X31 P31 X3 | . (49)
0 P31 X320 @Q321X01 P315X3; 0 Q312X12

Their determinants are respectively

X13X21 X32(P132Po13P321 + Q132Q213Q321),

X12X23X31(P123P231 P312 + Q123Q231Q312)-

For s =dy — ds, t = dy — ds3, and u = d3 — dy, the second parenthesis is AP,Q(s, t) and the first
is (—1)3¢Apg(t, s). Hence, with precisely the displayed input and output orders,

det Lp x = (-1)* [ [[ Xij | Arq(s.t)Apql(t ). (50)
i#]

A different pair of coordinate orders changes only the overall sign. When the cycle norm is
nonzero, a regular D making both factors nonzero exists. This gives the size-three assertion.

For the induction with both symbols nonzero, suppose that, at one fixed regular diagonal Dy
of size h, the determinant of Lp, x is a nonzero polynomial in X € V},. For each 0 < j < d, the
polynomial det(adJDO X) is also nonzero: a matrix supported on a Hamiltonian directed cycle
is invertible and remains invertible after its edges are multiplied by the corresponding nonzero
jth powers of root differences. The intersection of these finitely many nonempty opens in the
full affine space V} is nonempty. Choose X in it. This intersection takes place before any
nilpotent-value condition is imposed.

Put

. Xo O B wv
D = diag(Dy, 2), E = Dy— zIy, X:(OO 0>, Y:(w 0), B eV,

The complete hollow operator splits into three independent blocks:
F(z) = Z P,(ad], Xo)E®,
LDO,XO (B) F(Z)U) r+s=d

HD(X’Y):< wG(z) 0 )7 G = Y Q=1 E (adp, Xo).
r4+s=d

(51)

In particular these rectangles use the full P,Q coefficients. Let s, = max{s : Pj_5s # 0} and
re = max{r : Q,q4—, # 0}. Their leading coefficients as matrix polynomials in z are

(2 1F = Pas ()" adb ™ Ko, [77]G = Qror, 0" X0, (52)

They are invertible. Homogeneity leaves exactly one symbol monomial at each stated largest
exponent, so there is no possible leading-term cancellation. Thus both rectangle determinants
are nonzero polynomials in z. Choose z avoiding their roots and the eigenvalues of Dy. The
complete operator in size h+ 1 is invertible. In the new full hollow X-space its invertibility open
again intersects all adjoint-power opens, preparing the next induction step. No intersection with
a constrained nilpotent fiber is asserted here.
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For completeness, the one-order cases do not use an extension with an absent rectangle. If
@ = 0, choose regular D with all triple-distinct P;;; # 0. In column j the operator is the
(n — 1)-square hollow matrix

M;(X)i = Puj Xaw  (i,k #34, i # k).

A derangement o of the indices different from j contributes

sgn(o) H Pi,a(i)7in,o(i)
i#]
to its determinant. This coefficient is nonzero, and distinct permutations give distinct monomials
in the original entries of X. Thus each det M; is nonzero and their product is nonzero. This is

the fixed-input operator from Theorem 4.1, not merely an assertion about a union of images. If
P =0, write Q*V(s,t) = Q(t,s) and use the exact identity

Hyo(D,X,Y)! = (=1)%Hgsw o(D, X', V). (53)

It transfers the preceding invertibility while keeping the first input fixed; replacing a fixed-Y as-
sertion by a fixed-X assertion without this transpose would not suffice. The same unconstrained
intersection with the adjoint-power opens applies to both one-order cases.

Finally, a nonzero coefficient in X of the polynomial det Lp x remains nonzero on a nonempty
diagonal open set. Intersecting with the regular locus gives the asserted common open in D; for
every D there, the required opens in X are dense. O

Lemma 6.12. Under the hypothesis of Lemma 6.11, the tensors of guarded smooth nilpotent
seeds span V, @ V, for every n > 3.

Proof. Fix an allowed D, and let Up C V;, be the dense open set where Lp x and all the guard
matrices are invertible. For X € Up, a column index j, and a column w with w; = 0 and w; # 0
for every i # j, set

N =we}, Y =Lp'\(N). (54)

This Y is the actual preimage under the complete operator. With both symbols present it need
not itself have column support. The value Hp(X,Y) = N is nonzero rank one and square-zero.
Its actual Y derivative fills V,,. Moreover

diag[Eji, N| = wi(E;; — Ey) (1 # ),

so the actual orbit directions complete the derivative to sl,,.

Suppose a bilinear form 7" annihilates every guarded smooth seed. For fixed X € Up, the
linear functional

N +— T(X, Ly N)

vanishes on the full-support open subset of each hollow column space. It therefore vanishes on
that entire column space. All these column spaces span V,,, so T(X,Y) = 0 for every hollow
Y. This holds for a dense open set of X, and consequently 7" = 0. This argument uses all
column-target preimages of one actual operator. It does not add values of Hp or assume a
column shape for its second input. O

6.3.3. The zero cycle norm: exact lower kernels. It remains to treat Apg = 0. Both symbols
are then nonzero, since a nonzero one-order symbol has nonzero cycle norm. In size four choose
a regular diagonal tuple such that every triple-distinct Pj; and @Q;x; is nonzero. Their finite
product is a nonzero polynomial, so these choices form a nonempty open set. We first use three
lower vertices a, b, ¢, reserving a fourth vertex 0.

Lemma 6.13. Let A € V3 have all six entries nonzero. The complete lower operator Ly : B —
Hp,, (A, B) has rank four. Its kernel has a basis supported on the two opposite directed three-
cycles, with each nonzero coordinate a fized-D nonzero scalar times the corresponding entry of
A. Its conormal for the hollow trace pairing also has a basis of two invertible matrices supported
on opposite directed three-cycles.
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Proof. In input coordinates (Bqyc, Bpq, Bey) and output coordinates (Hyp, Hpe, Heq) one block is

Qachcb 0 Pachac
PbacAba QbacAac 0 . (55)

0 PcbaAcb chaAba

The opposite cycle gives the other block, exactly as in (49). Each determinant is zero by (48),
while its upper-left two-by-two minor is nonzero. Each block has rank exactly two.
For the displayed block an explicit right-kernel matrix B is

Bé};) _ Aaca B[SOIL) _ Py Abaa Bg) _ _Qacb
Qbac Pacb
with its other entries zero. The first two equations are immediate; the third is precisely
Py PoacPeva + QactQuvacQcba = 0. Interchanging b, ¢ gives B 2) on the opposite cycle. In particu-
lar the six entries of A remain independent variables; the coefficients in these two kernel vectors
depend only on D.
For an equally explicit conormal, a left null vector of (55) is

<1 _Qachcb QachbacAac>
’ PbacAba ’ PbacPcbaAba
Its three coordinates are nonzero. Transposing its output positions for the trace pairing gives

Qachcb E + QachbacAac E,.. (57)
PbacAba PbacPcbaAba

It satisfies tr(C1LA(B)) = 0 for every hollow B, and is an invertible directed-cycle matrix.
Interchanging b, ¢ gives Cy. Their supports are disjoint and opposite. They form a basis of the
two-dimensional conormal of the full rank-four lower operator. U

Acp, (56)

Cl - Eba -

6.3.4. A full size-four star differential.

Lemma 6.14. For every D in the size-four open just chosen, a nonempty open subset of the
entire column-star parameter space

X—<8 2), Y = ve, (A,v) € V3 x K3,
consists of nonzero rank-one square-zero seeds for which the fized-D derivative dHp is onto Vy.
The same assertion holds for row stars. The lower block A can simultaneously satisfy all its
adjoint-power guards.

Proof. At the displayed input,

Hp(X,Y)=N=wel, w=Fv, Fij=PjAy; (i,j€{ab,ec}), (58)
where the diagonal of F' is zero. The upper-row Y derivative is r — rG, with

Gij = QuijAij (i,j € {a,b,c}), Gii = 0.

The determinants of F and G each have the two distinct cycle monomials AgpAp.Acq and
AacAcpApa With nonzero coefficients. Each determinant is therefore a nonzero polynomial in
the same six original entries of A. The determinants det(adelow A) are likewise nonzero polyno-
mials, as is seen on a single directed-cycle support. Choose one A where all six entries, both
rectangle determinants, and all those lower guards are nonzero. This is an intersection of opens
in the full irreducible space V3.

The complete fixed-D hollow Y derivative is the direct sum of these two invertible three-
dimensional rectangles and the rank-four operator L4. Its rank is 34+ 3 +4 = 10. Its two-
dimensional hollow conormal is precisely the span of C7, Cs from Lemma 6.13, embedded in the
lower block.

Now vary the three entries of the raw upper row of X by a = (a;) je{apb,c)- 1ts only possibly
nonzero output is the lower hollow block

(dHp)ij = Qiojuia; (i # j). (59)
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The diagonal entries are zero by the endpoint hypothesis. For a lower conormal C, its pairing
with this output is

tr CdHD Zaj Mcv (MC)ji = Cinin; (MC)jj =0.

Both M¢, and M, are still 1nvert1ble directed-cycle matrices: every multiplier on their supports
is nonzero. Their opposite disjoint supports prevent proportionality. It follows that M, v, Mc,v
are independent on a nonempty open set of v. Indeed, dependence for every v would make every
vector an eigenvector of MgllMCZ, forcing that operator to be scalar, contrary to the supports.

Choose v in that open with both v and F'v of full support. These conditions are simultaneously
possible because F' is invertible and the vector space is irreducible. The three actual upper-row
X directions then fill the two-dimensional quotient of V4 by the Y image. Thus the full fixed-D
hollow derivative has rank 12. The value N in (58) is nonzero rank one and square-zero, with all
three complementary column entries nonzero. The orbit directions Fy; have diagonal projections
w;i(Eoo — Eji), giving the remaining three independent directions and rank 15 for dI'p.

All the conditions used are open in the whole star parameter space, and we have shown their
simultaneous nonemptiness. To obtain row stars for the same original symbols use

Hpo(D, X', V") = (—=1)Hgsw psw(D, X, Y)!, RV (s,t) = R(t,s). (60)

The transformed pair has zero endpoints and zero cycle norm, since its norm is Apg(t,s). Its
triple-distinct weights are nonzero under our same conditions on D, by reversal of the path and
homogeneity. The preceding column proof therefore applies to it. Transpose preserves all ranks
and the adjoint-power guards, since ad},(X?) = (—1)?(ad}, X)". O

6.3.5. Restoring guards in the exact raw fiber.

Lemma 6.15. At any column star in the nonempty open constructed in Lemma 6.1/, the exact
raw fiber Hp = N is smooth, and its local ring contains a nonzero product of all raw X guard
determinants. Fvery function whose germ on this fiber is nonzero can be retained at an actual
guarded smooth nilpotent seed in this same fiber. The corresponding assertion holds at row stars.

Proof. The surjectivity of the fixed-D hollow differential makes
Fy={(X"Y')eVixVy: Hp(X"Y') = N}

smooth at the star p. Its local ring R = O, is a regular local domain. The map from the
three raw upper-row X variations to the two-dimensional quotient by the Y image has rank
two. Choose a nonzero row a in its one-dimensional kernel. Its complete output lies in the Y
image and can therefore be cancelled by an actual hollow Y variation. Independently, every raw
lower-column X variation z has zero output: both products with the current Y = ve}, vanish.
Consequently, for every z, the raw variation

(02

can be completed by a hollow Y to a tangent vector of the exact fiber Fy. No output conjugation
is involved.

Put E = Doy — dol3 and Aj = adJ A. All E, A; are invertible. Smoothness lifts any such
tangent to a formal arc in ]:N Along ‘it the raw X remains hollow, its upper and lower cross
blocks start with ta and tz, and its lower block starts with A. The Schur complement gives, for
every guard exponent 7j,

det(ad), X (t)) = (—1)7T'¢* det(A;) aE7 AT B2 + O(t%). (61)

In particular second-order changes in the lower block or the cross blocks cannot alter the dis-
played coefficient; the upper-left raw entry is identically zero. For each j the row aEJ A;lEj is
nonzero. Choose one z outside the finitely many annihilating hyperplanes. Every determinant
in (61) is then nonzero on the formal arc. Their product is consequently a nonzero element of
R. The fixed-D and saturated smoothness minors already nonzero at p are units in R.
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Let b € R be any nonzero function germ. The product of b, the guard product, and these
minors is nonzero because R is a domain. On a sufficiently small finite-type neighborhood in
the component through p, its nonvanishing defines a nonempty open set. As K is algebraically
closed, this open set has an actual K-point. At that point the raw value is still exactly N, all
guards hold, the seed is smooth, and b is nonzero. This proves the stated retention property,
not merely a formal existence claim. The transpose identity (60) transports the entire raw-fiber
argument to row stars. Il

Corollary 6.16. If a bilinear form T on Vi x Vy vanishes at every guarded smooth nilpotent
seed, its entire germ on the exact raw fiber at every star in Lemma 6.1 is zero.

Proof. A nonzero germ could be retained at a guarded smooth seed in the same raw fiber by
Lemma 6.15, contradicting the hypothesis on 7. O

6.3.6. Siz independent monomials and the guarded base.

Lemma 6.17. For each D in the above size-four diagonal open, the tensors of guarded smooth
nonzero rank-one square-zero seeds span Vy @ Vy.

Proof. Suppose a bilinear form T annihilates all such tensors. By Corollary 6.16 it vanishes
at every generic column or row star. Polynomial continuation on the whole irreducible star
parameter space makes its restriction identically zero there.

First consider two hollow units Egy,, Eq with {a,b} # {c,d}. The second edge has an endpoint
outside {a,b}. If d is such an endpoint, use the column star isolated at d: E,;, belongs to its
lower block and FE.4 to its column. If ¢ is such an endpoint, use the row star isolated at ¢ instead.
Thus

T(Eaba Ecd) =0 if {CL, b} a {C’ d} (62)

This eliminates four-distinct-vertex coefficients as well, without an embedding assertion from
size three. No relation between the remaining same-edge and reversed-edge coefficients has been
assumed.

Fix now an isolated vertex 0 and a generic lower block A. Choose a v making its column star
one of the smooth points above. For either of the explicit lower kernel matrices B*) in (56), the

line
(X,m=<(8 g),uea+t(g B?,,)» (63)

lies in the exact same raw fiber: the additional full output is tL4(B®)) = 0. The zero germ
from Corollary 6.16, restricted to this line, gives

(6 5)- aw)) -0

Let C be the directed three-cycle supporting one such kernel vector, and write B, = 7. A, on
it. Each v, € K* depends only on D, and the cycle contains exactly one orientation of each
unordered lower edge. Using (62), the preceding identity is

> Ve (T(Ee, Ee)A? + T(Ez, Ec) Az Ac) = 0, (64)
eeC

where € denotes the reverse edge. This identity holds for a nonempty open set of the six
independent entries of A, hence is a polynomial identity in them. Its three square monomials and
three unordered-edge product monomials are six distinct monomials. Every coeflicient displayed
in (64) therefore vanishes. The opposite kernel cycle kills the other three square coefficients and
the opposite three ordered reverse-edge coefficients on this lower triangle.

Varying the isolated vertex covers every unordered edge of the four-vertex set. All coefficients
left after (62) consequently vanish, and 7' = 0. The two kernel shifts were taken in a fiber of the
full operator, at a common original input, rather than in fibers of its summands. O
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6.3.7. Completion in all sizes and diagonal enrichment.

Proof of Theorem 6.9. If the cycle norm is nonzero, Lemmas 6.11 and 6.12 give even guarded
hollow detection in every size at least three. If the cycle norm is zero, Lemma 6.10 gives the
required unguarded size-three result, while Lemma 6.17 supplies the guarded size-four base for
both nonzero symbols.

For this latter case apply the exact guarded singleton extension 6.4 and the support induction
6.5. Their hypotheses concern the complete trace-zero map and guarded smooth nilpotent seeds,
all of which have just been verified; they do not require a nonzero endpoint. They give full
guarded hollow tensor span in every size n > 5. The generic fixed-diagonal descent in 6.6 then
gives a nonempty numerical diagonal open (2, supporting a full spanning collection at each one
of its points. In particular D is not selected separately for different tensor coefficients. The
size-three branch needs no claim that its raw first input can satisfy the guards.

The common diagonal-enrichment lemma 6.3 upgrades these hollow assertions to full M, ® M,
detection. Its hypotheses hold because st divides both symbols, and the smoothness controls
used here are actual hollow input directions and simultaneous conjugation of the entire original
tuple. O

The conclusion is a detector for the complete zero-endpoint restriction with arbitrary coeffi-
cient dependence between P and (). Together with the original trace transfer in Theorem 6.1,
it applies to every ordinary coefficient fiber having this restriction, including corrections whose
complete chosen-pair restriction is zero. No standalone outer-adjoint or corank-one hypothesis
is needed, and no size-two or all-pairs-zero assertion is part of Theorem 6.9.

6.4. The complete original trace on the same nilpotent fiber. We now prove Theorem 6.1.
This step uses the actual matrix-entry polynomial tr f at the specified size, not a formal free
trace coefficient and not a selected low-activity detector. In particular, all fixed-size polynomial
identities are included before the first nonzero trace term is selected.

Proof of Theorems 6.2 and 6.1. For the seed theorem, 7 = 0 implies ¢ = —ep. The case p # 0
is Theorem 6.7; the case p = 0 is Theorem 6.9. In the latter proof the cycle norm is either
nonzero or identically zero. If only one symbol is nonzero its norm cannot vanish, since it is a
product of three nonzero polynomials under invertible substitutions. Thus these cases exhaust
every nonzero pair, without imposing a product or fixed-depth hypothesis. Lemmas 6.6 and 6.3
give the stated common diagonal open set and the full, rather than hollow, bilinear detector.

For the original map, if 7 # 0, the smooth nilpotent input of Theorem 5.2 is an input of the
complete restriction of f. Its tangent directions are original-source directions, so the full original
differential is onto M,,. Writing h = tr f and g = f — n~'hl,, we obtain rank(dg,) = n? — 1
and dhalyer(dg,) 7 0 at this input a. Thus h|y-1(y) has a nonzero linear term at a. Theorem 2.1
gives the actual image and smoothness gives the fiber assertion. Hence assume 7 = 0 for the
rest of the proof, and put

W(A):A—%In, g=r1f, h=trf.

Choose one passive original variable as an anchor D. In each of the other m — 3 passive
positions put D + Z;; retain the original active variables X,Y. These are invertible linear
coordinates on M,". The linear subspace S = {Z; = --- = Z,,,_3 = 0} is the complete restriction
source. On it h = 0 and g = Hpg. If h is an actual identity, any seed in Theorem 6.2 gives
an original smooth input into sl,. Theorem 2.1 then gives Val,(f) = sl, and the local fiber
dimension mn? —n? + 1.

Suppose instead that h is a nonzero polynomial in actual matrix entries. Expand it by total
degree in the normal variables:

-3
hMD,X,Y,Z)=> H;(D,X,Y,Z), H,#0, 1<v<m-3. (65)

3

j=v
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Every H; is homogeneous of degree j in Z and bilinear in the full original matrices X, Y. Indeed,
every word of f uses each original slot once. Lower components in (65) vanish as actual size-n
polynomials, including cancellations arising from trace identities. Each component is separately
invariant under simultaneous conjugation: apply that invariance to h(D, X,Y,tZ) and compare
powers of the scalar t.

The conjugation-saturation of the nonempty diagonal open set €2, in Theorem 6.2 is dense in
M,,. Indeed, if a polynomial vanishes on that saturation, then for each fixed conjugating matrix
it vanishes on the corresponding conjugate of the full diagonal space by density of €2, in that
space. It therefore vanishes on the dense regular semisimple locus. Invariance of H, now shows
that there are Dy € Q,, and fixed normal matrices Z° for which

T(X,Y) = H,(Dy, X,Y,2Z°

is a nonzero bilinear form on M,, x M,,. For if it vanished for every such Dy, Z", X, Y, conjugation
and density would force H, = 0. The seed detector chooses original Xy, Yy at this same Dg such
that T'(Xo,Yy) # 0, the value N = Hpg(Dy, Xo,Yp) is nonzero rank-one square-zero, and
the restriction differential onto sl,, is surjective. Let a = (Dg, Xy, Yp,0) in the original linear
coordinates.

At a the map ¢ is smooth, already using directions in 7,S. Choose an (n? — 1)-dimensional
control space L C T,S on which dg, is an isomorphism onto sl,. Complete it to linear source
coordinates (¢, w, Z) centered at a. The formal implicit function theorem solves the ezact partial
fiber ¢ = N uniquely as £ = ¢(w, Z) in a formal neighborhood, with ¢(0,0) = 0. Since L C T,S,
this solution does not change any normal coordinate Z;.

The total lowest Taylor term of A at a is precisely

HU(D07X07}/07Z)' (66)

It is nonzero by the chosen Z°. A variation of any coefficient variable D, X,Y in H, adds at
least one to its total degree; all H; with j > v have larger total degree already. Substitution of
the exact control correction ¢(w, Z) therefore leaves (66) unchanged. This is a statement about
the complete lowest Taylor term in actual original coordinates, not just a normal symbol before
solving the fiber.

The local ring of g~'(N) at a is regular of dimension mn? — n? + 1 and is a domain. Its
completion is the formal ring just used, so h is a nonzero element of that local ring. It vanishes
at a and is a non-zero-divisor. Adding the trace equation gives the full fiber f~(V) as a local
complete intersection of dimension mn? — n?. The same local trace-germ and miracle-flatness
argument as Proposition 2.3 proves that f is flat at this original input. Corollary 2.2 and
Theorem 2.1, including their ordinary multilinear scalar extraction, give the actual image M,,.
No scalar value is supplied merely by taking a closure. If v = 1, the surviving linear trace term
supplies the missing normal and the point is smooth into M,. If v > 2, its Jacobian rank is
exactly n? — 1: it is flat but not smooth. These alternatives are compatible with the asserted
local complete-intersection fiber. [l

2

Corollary 6.18 (Full higher-ideal coefficient fibers). Let F' satisfy the complete restriction
hypothesis of Theorem 6.1. Every same-degree ordinary polynomial f = F+ R with zero complete
selected restriction for R has the image and local-fiber classification in that theorem. In particular,
R may range over the entire proper multilinear J3 component and all higher powers. The target
is determined separately by tr(F + R) on the fized M,.

Proof. The complete selected restriction is unchanged. The vanishing of proper J2 on the whole
two-active source is Lemma 3.2. We use that vanishing only to identify the restriction. Trans-
verse derivatives of R are not set to zero: they are included in h and in every coefficient of (65).
The theorem reselects the seed for the corrected polynomial, rather than asserting that an old
nilpotent input remains suitable. O

6.5. Coefficient scope, examples, and the remaining boundary. For a fixed ordered pair
of original active positions, the free proper degree-m J? coefficient space maps onto the full
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symbol space
{(P,Q) :deg P =degQ =m — 2, st | P,Q}, dim = 2(m — 3).

To see surjectivity without a dimension heuristic, partition the m — 2 passive original leaves
into sets of sizes r,s > 1 and form one iterated commutator on the first active leaf and its r
passive leaves, and another on the second active leaf and its s passive leaves. Their ordered
product restricts, up to a nonzero sign, to (adp X)(ad} Y). Reversing the product gives the
other order. All passive leaves remain distinct. As r + s = m — 2 varies these are exactly the
two monomial bases. Thus the kernel of this fized pair map has codimension 2(m — 3). This is
not a codimension formula for the common kernel over all pairs and is not a quotient by size-n
polynomial identities. Every nonzero fiber of this map is covered, with the actual trace deciding
its target.

Remark 6.19 (A high-activity fixed-size trace identity does not obstruct the transfer). Take
twenty-eight distinct original variables, arranged into fourteen pairs, and write A4; = [a;,a}],
B;, = [bi,bg], 1<i<7. Set

R = Z sgn(U)AU(l)BlAU(Q)BQ ce AU(7)B7.
oc€Sy

This is proper, ordinary multilinear, and belongs to J'*. On M3, every common-D restriction
with at most fourteen active original slots is zero. With fewer than fourteen, one basic commu-
tator has both entries D. With fourteen, either that still happens or each factor has one active
entry. In the latter case all seven A; belong to imadp. For regular diagonal D this space has
dimension six, so alternation kills the value. Conjugation and polynomial density extend the
identity to every D. This covers every choice of active original slots.

Nevertheless tr R is not an identity. Use

(A1,..., A7) = (Er2, Evs, E21, Eo3, E11 — Ea2, E31, E39),
(Bi,...,B7) = (E21, Esg, E12, Es1, E3, Ev3, E91).

Here is a direct certificate requiring no enumeration of 7! terms. Let (u;,v;) be the following
ordered coordinate pairs:

(1,2),(1,3),(2,1),(2,3),(1,1),(3,1),(3,2).

Then B; = E,,, cyclically and

Uj41
7
tr(C1By -+ C7Br) = [ [(Ci)usu-
i=1
The coordinate-evaluation matrix of the seven displayed A; is I7. Hence the alternating trace
is its determinant, namely one. All values have independent original lifts: F;; = [Ey, E;] and
Eq1 — E9s = [E19, E91]. Embedding these inputs in a three-by-three block proves actual trace
nonvanishing for every n > 3. With D = diag(0, 1,2), the thirteen off-diagonal factors can be
written [D, E;;/(d; — dj)], using one active original slot each; the diagonal factor uses two. Thus
fifteen active slots already detect the trace. The example is not invisible to every common-D
template.
Label the same twenty-eight original leaves x1,...,x2s, and let C14 denote a left-normed
commutator on fourteen distinct leaves. Put

F =[Ci4(z1,...,214), Cra(z15, . . ., T28)].

The complete restriction with active 1, 215 is [ad ¥ X, ad} Y7]; the two signs from the left-normed
combs cancel. Thus F' 4+ R has actual image M, for every n > 3 by Theorem 6.1. In size three
its entire trace is still zero on every common-D source with at most fourteen active slots. The
theorem uses the first surviving actual normal term, not the false inference that a low-activity
detector must see all traceful higher-ideal coefficients.
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The common zero restriction region remains outside this theorem. It contains proper J? itself
and also genuine second-layer examples such as s4, whose two passive equal inputs make every
chosen-pair restriction zero by alternation. Individual members may have other classifications.
In particular, 7 = 0 alone is not the hypothesis: some complete pair (P, () must be nonzero.
The fixed-size actual trace is still required to determine the target. Size two is not covered by
the present seed theorem. No resolution of general LK is asserted.

Here the zero-restriction limitation refers to Theorem 6.1. The independent-diagonal The-
orem 1.1 covers every genuine proper second-layer member of that region, including s4, while
retaining the exclusions of pure J3, size two, and general LK.

The actual-image criterion, scalar extraction, local trace-germ criterion, one-order column
operators, cubic cycle determinants, and highest-power rectangle arguments are established
earlier in this manuscript. The proofs here reuse those mechanisms and supply the compatible
full tensor detectors, exact raw-fiber controls and whole original trace transfer needed for this
complete coefficient region. They do not claim historical priority for those ingredients.

7. THE ENTIRE PROPER SECOND COMMUTATOR LAYER

The common-background theorem of Section 6 retains only the sums of the independent
passive coefficients at each fixed depth. We now keep each passive diagonal independently. This
recovers every proper ordinary polynomial in the second commutator layer, including the kernel
of all common-background pair tests. The field remains algebraically closed of characteristic
zero. The ideal J is the two-sided commutator ideal of the unital free associative algebra, as in
Proposition 3.1.

The common-background branch is already Theorem 6.1. The additional proof has two parts:
a compatible nilpotent tensor span for the complete independent-diagonal restriction, and an
étale chart of the entire original source that retains its first nonzero trace normal. In particular,
a triangular value alone is not used as an ambient flatness certificate.

7.1. The exact original two-slot restriction. Choose two original positions X,Y and label
the other positions Dq,...,Dy, where d = m — 2 > 2. For diagonal passive inputs write
Vo = ((Di)aa)l_;. For a subset S C [d] and a vector a = (a;) put ag = [[;cqai, with empty
product 1.

Proposition 7.1 (Independent passive coefficients). For each original pair of a proper multi-
linear f € J? there are unique arrays (cs), (es), indexed by @ # S C [d], for which

P(a,b) = Y csasbge, Qa,b) = > esasbse, (67)

2#5C(d] 2#SC[d]
and the complete actual restriction is
Hp(X,Y)ae = f(X,Y;D1,...,Dg)ac

=Y [P(va = vb, v — ve) Xap Yo (68)
b

+ Q(va — vy, vp — 'Uc)YabXbc] .

The positions on the first line are the original positions, regardless of the order used to display
their names. At least one pair has (P, Q) # (0,0) when f ¢ J>.

Proof. Expand each ordinary word according to the order of X,Y and the three passive gaps
before, between and after them. This gives two path coefficients separately linear in each triple
((Di)aas (Di)wp, (D;)ee). Properness is scalar-translation invariance in every passive variable, so
each triple occurs through one of its two successive differences. Thus each coefficient has a
unique expansion in the 2¢ products agbge before the two extreme subsets are removed.

A one-active evaluation with diagonal passive inputs vanishes. An off-diagonal entry is an
evaluation of f on a two-dimensional upper triangular block, where J? vanishes; diagonal entries
also vanish. Make X diagonal, and let Y have a single off-diagonal entry. The two independent
endpoint entries of X give P(0,b) = Q(a,0) = 0. Interchanging the roles of X,Y gives P(a,0) =
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Q(0,b) = 0. Hence both extreme coefficients vanish separately. This proves (67) and (68) for
the unchanged original polynomial.
There is also exact finite extraction. On three vertices put

DS _ Eun, 1€,
! —FEs33, 1 g S.

Then
cs = f(E12, Bag; D)3, es = f(Ea3, Big; D))y3.

Every UTj3 evaluation expands into diagonal and strictly upper triangular inputs. Terms with at
most one radical input vanish as above, and a word with three radical inputs vanishes because
the radical has cube zero. The remaining terms have exactly two original active positions and
are precisely these path tests. Thus vanishing of all the pair symbols would make f an identity
of UTs. The classical triangular identity theorem Id(UT;) = J", used in the commutator-degree
framework of [3, Theorem 2.1], gives the final assertion for r = 3. g

The last implication uses the triangular identity theorem, not a claim that a nonzero free
polynomial is nonzero on every fixed matrix algebra. Here the fixed-size issue can be settled
directly: for n > 3 the map

UTy — M, Tr— diag(T, tllfn_g)
is a unital algebra embedding, since T+ t11 is a character. Consequently
Id(M,) CIA(UTs) =J*>  (n>3). (69)

In particular the theorem’s polynomial is not an identity in any of its asserted sizes. No such
inclusion is used for n = 2.

If some common-D restriction is nonzero, the ordinary homogeneous symbols obtained by
setting a = s1, b = t1 satisfy the hypotheses of Theorem 6.1. We therefore assume for the
new branch that all original pair restrictions on a common D vanish, and choose a nonzero
independent pair from Proposition 7.1. Then

ZCS:ZeS:O (1<r<d-1).
|S|=r |S|=r

It follows as a polynomial identity in all d coordinates that

P(a,—a) = ag » (-1)" Pleg =0,  Q(a,—a) =0. (70)
S

Thus Hp is hollow for every diagonal tuple and all full XY . It ignores diagonal parts of the
active inputs, since both S and S¢ are nonempty. The seed argument below only requires (67),
a nonzero pair, and (70); it does not require the stronger grouped coefficient sums once the
endpoints have been established.

7.2. Independent-vector nilpotent tensor detection. Let V,, = {X € M,, : X,, = 0} and,
for a fixed diagonal tuple D = (Dy,..., Dy), define

I'p(X,Y,9) =gHp(X,Y)g™', g€ GL,.

Its orbit directions are actual directions of the original polynomial: one simultaneously conju-
gates every D;, X,Y. All tests and guards below concern the raw X,Y, before this conjugation.
For S C [d] define the composition of commuting adjoint operators

Kg(X) = (H ale.> (X), Ky(X)=X. (71)
€S
Thus (Ks(X))ab = Xab [ Licg((Di)aa — (Di)w); (71) is not a product of the matrices adp, (X).
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Theorem 7.2 (One fixed diagonal open for all bilinear tests). Assume (67), (70) and (P, Q) #
(0,0). For every n > 3 there is a nonempty open set S, of diagonal tuples, with each D; regular,
such that at every fixred D € €y, the tensors X @Y of hollow pairs satisfying

N = Hp(X,Y) #0, rank N = 1, N? =0, rank dlp|(xy,) =n° — 1
span V,, @ V,,. For n > 4 the same assertion holds after imposing all 2% guards
det Ks(X) £0 (S C [d)), (72)

including S = @. Allowing arbitrary diagonal parts of X,Y then supplies one such original
nilpotent seed where any prescribed nonzero bilinear form on full M, x M, is nonzero.

The span is only a bilinear detector. It selects one input compatible with a subsequently
specified nonzero test and does not add actual polynomial values. Both the fixed-D quantifier
and the full active matrix spaces will be needed for the trace normal.

For notation write

Pirj = P(v; — vg,vp, — vj), Qikj = Q(v; — vi, v — vj).

For every distinct triple 7, k, 7 each nonzero symbol gives a nonzero polynomial in the diagonal
parameters: the two vector differences can be prescribed independently. The product of all such
nonzero path weights and all coordinatewise eigenvalue differences is therefore nonzero. We
may impose their simultaneous nonvanishing on one diagonal open. At any such D, each guard
determinant is a nonzero polynomial on the full affine space V},, h > 3: take X supported on
a directed Hamiltonian cycle, whose nonzero edges remain nonzero after every subset rescaling.
This observation alone does not put the guards on a nilpotent fiber; that step is proved below.

Lemma 7.3 (The common zero row in size three). The unguarded assertion of Theorem 7.2
holds in size three on the simultaneous path-weight open just described.

Proof. Let R; C V3 be the matrices with row ¢ zero. For X,Y € R;, the complementary two-
by-two hollow block can contribute only diagonal products, and these vanish by (70). Every
nonzero output is consequently a column star supported in column ¢, of rank one and square
Zero.

Use ¢ = 1 first. If both symbols are nonzero, put

X = uFs3 +vE39, Y = coF9 + c3FE3q, UVC2C3 7é 0.

The value has entries Noy = Pagjucs and N33 = Psgjvcs, both nonzero. The Y variations
FEo1, E31 control respectively Hsp, Hop; the Y variations Eis, Fi3 control His, His through Q;
the X variations Fpo, F13 control Hss, Hos through (). The indicated weights and parameters
are all nonzero, so these are six independent hollow controls. The actual orbit directions E19, F13
have diagonal projections Noj(E11 — E92) and N31(F11 — E33). Thus the saturated differential
has rank eight.

If Q = 0, take every entry 21, 31,23, 32 of both X, Y nonzero. The Ys1, Y3; variations give the
two lower-column coordinates; X192, X13 give the upper row using Ya3, Y32; and Yis, Y13 give the
lower off-diagonal coordinates using Xs31, Xo1. Additional lower-column components, if present,
are removed with the first two controls. Again the hollow rank is six and the orbit rank is eight.
If P = 0, exchange the actual active inputs. Relabeling vertices gives the construction on each
RZ' X Rz

The good conditions are a nonempty open in the whole irreducible space R; X R;. A bilinear
form vanishing on all good seeds therefore vanishes identically on each such space. Any two
hollow matrix units omit a common row in size three; hence every tensor coefficient is zero.
This proves the assertion without imposing a one-variable homogeneity condition or a size-three
guard. O
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7.2.1. Cycle determinants with vector differences. Put a = vy — vy, b = v9 —v3, and ¢ = —a —b.
Define
A(a,b) = P(a,b)P(b,c)P(c,a) + Q(a,b)Q(b,c)Q(c, a). (73)
The norm is a polynomial in 2d independent coordinates. In size three, use the input and output
orders
(Y13, Ya1, Y32; Y12, Ya3, Y31), (H12, Ha3, H31; Hi3, Ho1, H3g).
The operator Lp x : Y — Hp(X,Y') then has the two cyclic blocks

Q132X32 0 Pi32X53 Q123X23 Pr23X12 0
Py13Xo1 Q213X13 0 ) 0 Q231 X31 P31 X3 | . (74)
0 P31 X530 Q321X01 P319X3; 0 Q312X 12

Their determinants are respectively
(—1)*" X135 X091 X32A(b, a), X12X23X31A(a,b).

The sign follows from simultaneous reversal of every difference: P(—b, —a) = (—1)%P(b,a), and
similarly for (). Only total degree d is used, not homogeneity in one scalar difference. If A is
nonzero, both oriented factors are simultaneously nonzero on an open. If A =0, both P,Q are
nonzero: when only one is present, the three invertible linear substitutions in its product cannot
make a nonzero polynomial vanish in a domain.

Lemma 7.4 (Independent diagonal rectangle operators). Suppose P,Q # 0 and every Kg(Xo)
is tnvertible in size h. Adjoin new independent diagonal entries z = (z1,...,24) and set E; =
D — 21, Es = [[;eq Ei- At X = diag(Xo,0) the complete two new Y rectangles are F(z)y
and wG(z), where

F(z) = csKs(Xo)Ese, G(z) =) es(—1)¥EgKse(Xo). (75)
S S
Both determinant polynomials in the independent z; are nonzero.

Proof. The block formula follows directly from (68). In particular the P and @) sums act on sep-
arate rectangles. The old hollow operator is unchanged, and diagonal outputs vanish identically.

Assign weights w; = 2'7! to the z;. All subset weight sums are distinct, and every proper
submonomial of a squarefree subset monomial has smaller weight. Choose S, with cg, # 0
maximizing ), ge wi- The unique top-weight term of F'is

(—1)1%leg, Kg, (Xo)zse.

Every other monomial in every entry has strictly smaller weight. Thus in the determinant the
unique top-weight monomial has coefficient

det((—1)%*leg, Kg, (X0)) #0

and monomial zgf. Any determinant product using a lower-weight term has smaller total weight
and cannot cancel it. For G select S, maximizing its subset weight among eg # 0. The signs
from (—1)I¥Eg cancel in the top coefficient, which is eg, K¢ (X), again invertible. This proves
actual matrix determinant nonvanishing in every fixed size; it makes no assumption that a formal
noncommutative leading word avoids matrix identities. O

Lemma 7.5 (Invertible hollow operators and bilinear detection). If A # 0, the guarded hollow
assertion of Theorem 7.2 holds in every n > 3.

Proof. When both symbols are present, the cyclic determinants give the invertible Lp x locus
in size three. Intersect it with all subset guards in the full affine hollow X-space. Given such
a size-h point, the old operator and the two rectangles of (75) are independent blocks of the
operator at X = diag(Xp,0). Lemma 7.4 permits one choice of z avoiding both determinant zero
sets and every coordinatewise eigenvalue collision. The new operator is invertible. Its nonempty
open locus in the entire new V1 intersects every new subset guard, preparing the next step.
No constrained nilpotent fiber is used in this open intersection.
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If @ = 0, a different proof avoids an absent rectangle. For each output column j, the operator
on vertices other than j is the hollow (n — 1)-square matrix

M;(X)ik = Py Xip (i, k # J, i # k).

A derangement of these n—1 > 2 vertices contributes a determinant monomial with nonzero path-
weight coefficient. Distinct permutations give distinct monomials in the independent entries of
X, so det M; is nonzero. The product over j, and with all the subset guards, is nonzero.
For P = 0 the row version follows by transposition of the full map, with the two difference
arguments interchanged. Thus it also produces an invertible fixed-X operator, rather than
merely an invertible operator with the other input fixed.

A nonzero coefficient of det Lp x remains nonzero on a nonempty diagonal open. At each
such fixed D let Up C V,, be its dense invertibility-and-guards open. For X € Up, choose any
full-support hollow column star N = wez- and set Y = LB}XN . This is an actual input; with
both orders present Y need not itself be a column star. The Y derivative fills V,,, and the orbit
directions have diagonal projections w;(FE;; — Ey;), i # j. Hence this is a smooth nilpotent seed.

If T vanishes at all such seeds, for fixed X € Up the linear functional N + T(X, L' N)
vanishes on a dense open of every hollow column space. It vanishes on all those spacesj and
therefore on their span V,,. Thus T(X,Y) = 0 for all hollow Y’; density in X gives 7= 0. No
addition of actual polynomial values occurs in this linear-functional argument. O

7.2.2. The zero cycle norm on four vertices. It remains to treat A = 0. Both symbols are then
nonzero, since a nonzero one-order symbol has nonzero cycle norm. In size four choose a diagonal
tuple with every D; regular such that every triple-distinct Pj;; and Q1 is nonzero. Their finite
product is a nonzero polynomial, so these choices form a nonempty open set. We first use three
lower vertices a, b, ¢, reserving a fourth vertex 0.

Lemma 7.6. Let A € V3 have all six entries nonzero. The complete lower operator Ly : B —
Hp,. . (A, B) has rank four. Its kernel has a basis supported on the two opposite directed three-
cycles, with each nonzero coordinate a fized-D nonzero scalar times the corresponding entry of
A. Its conormal for the hollow trace pairing also has a basis of two invertible matrices supported
on opposite directed three-cycles.

Proof. In input coordinates (Bygc, Bpg, Bep) and output coordinates (Hyp, Hpe, Heq) one block is

Qachcb 0 Pachac
PbacAba QbacAac 0 . (76)

0 PcbaAcb chaAba

The opposite cycle gives the other block, exactly as in (74). Each determinant is zero by (73),
while its upper-left two-by-two minor is nonzero. Each block has rank exactly two.
For the displayed block an explicit right-kernel matrix B is

Abaa Bé;) = _g:jcc: Acln (77)
with its other entries zero. The first two equations are immediate; the third is precisely
Pov PoacPeva + QachQvacQcba = 0. Interchanging b, ¢ gives B 2) on the opposite cycle. In particu-
lar the six entries of A remain independent variables; the coefficients in these two kernel vectors
depend only on D.

For an equally explicit conormal, a left null vector of (76) is

<1 _Qachcb QachbacAac>
" PoacAva’ PoacPebaAba

Bc(zp = Aac, Blgi) ==

Its three coordinates are nonzero. Transposing its output positions for the trace pairing gives

ac AC aci acAac
QachAch 5+MEM. (78)

Ci=FEpy — ——
¢ PbacAba ¢ PbacPcbaAba
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It satisfies tr(C1La(B)) = 0 for every hollow B, and is an invertible directed-cycle matrix.
Interchanging b, ¢ gives Cy. Their supports are disjoint and opposite. They form a basis of the
two-dimensional conormal of the full rank-four lower operator. (Il

7.2.3. A full size-four star differential.

Lemma 7.7. For every D in the size-four open just chosen, a nonempty open subset of the
entire column-star parameter space

0 0 3
X:(O A)’ Y = ve, (A,v) € V3 x K°,
consists of nonzero rank-one square-zero seeds for which the fized-D derivative dHp is onto Vy.
The same assertion holds for row stars. The lower block A can simultaneously satisfy all its
subset adjoint guards.

Proof. At the displayed input,
Hp(X,Y)=N=wej, w=Fv,  Fj=Pjdi (i,j€{a,bc}), (79)
where the diagonal of F' is zero. The upper-row Y derivative is r — rG, with
Gij = QuijAij (1,7 € {a,b,c}), G;; = 0.

The determinants of F and G each have the two distinct cycle monomials AgpAp.Acq and
AgecAcpApe with nonzero coefficients. Each determinant is therefore a nonzero polynomial in
the same six original entries of A. The determinants det Kg(A) for all S C [d] are likewise
nonzero polynomials, as is seen on a single directed-cycle support. Choose one A where all
six entries, both rectangle determinants, and all those lower guards are nonzero. This is an
intersection of opens in the full irreducible space V3.

The complete fixed-D hollow Y derivative is the direct sum of these two invertible three-
dimensional rectangles and the rank-four operator L4. Its rank is 34+ 3 +4 = 10. Its two-
dimensional hollow conormal is precisely the span of C,Cs from Lemma 7.6, embedded in the
lower block.

Now vary the three entries of the raw upper row of X by a = (a;) je{ap,c}- 1ts only possibly
nonzero output is the lower hollow block

(dHp)ij = Qiojvia; (i # 7). (80)

The diagonal entries are zero by the endpoint hypothesis. For a lower conormal C, its pairing
with this output is

tr(CdHp) = a;j(Mcv);,  (Mo)ji = CjiQiojs  (Mc)j; =0
i

Both M¢, and M, are still invertible directed-cycle matrices: every multiplier on their supports
is nonzero. Their opposite disjoint supports prevent proportionality. It follows that M, v, Mc,v
are independent on a nonempty open set of v. Indeed, dependence for every v would make every
vector an eigenvector of MEIIMCQ, forcing that operator to be scalar, contrary to the supports.

Choose v in that open with both v and F'v of full support. These conditions are simultaneously
possible because I is invertible and the vector space is irreducible. The three actual upper-row
X directions then fill the two-dimensional quotient of V4 by the Y image. Thus the full fixed-D
hollow derivative has rank 12. The value N in (79) is nonzero rank one and square-zero, with all
three complementary column entries nonzero. The orbit directions Fy; have diagonal projections
w;(Foo — Ej;), giving the remaining three independent directions and rank 15 for dI'p.

All the conditions used are open in the whole star parameter space, and we have shown their
simultaneous nonemptiness. To obtain row stars for the same original symbols use

Hpo(D, X', V") = (—1)%Hgsw pw(D, X, Y)!,  R*(a,b) = R(b,a). (81)
The transformed pair has zero endpoints and zero cycle norm, since its norm is A(b,a). Its
triple-distinct weights are nonzero under our same conditions on D, by reversal of the path and

homogeneity. The preceding column proof therefore applies to it. Transpose preserves all ranks
and the subset adjoint guards, since Kg(X?*) = (—1)/8IKg(X)". O
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7.2.4. Restoring guards in the exact raw fiber.

Lemma 7.8. At any column star in the nonempty open constructed in Lemma 7.7, the exact
raw fiber Hp = N is smooth, and its local ring contains a nonzero product of all raw X guard
determinants. Fvery function whose germ on this fiber is nonzero can be retained at an actual
guarded smooth nilpotent seed in this same fiber. The corresponding assertion holds at row stars.

Proof. The surjectivity of the fixed-D hollow differential makes
Fnv={(X"Y)eVyxV,: Hp(X',Y') = N}

smooth at the star p. Its local ring R = O, , is a regular local domain. The map from the
three raw upper-row X variations to the two-dimensional quotient by the Y image has rank
two. Choose a nonzero row a in its one-dimensional kernel. Its complete output lies in the Y
image and can therefore be cancelled by an actual hollow Y variation. Independently, every raw
lower-column X variation z has zero output: both products with the current Y = vef, vanish.
Consequently, for every z, the raw variation

=)

can be completed by a hollow Y toa tangent vector of the exact fiber Fr. No output conjugation
is involved.

Put E; = D'V — (D;)ool3, Es = [lics Bi and Ag = K5(A), with the latter computed using
the lower diagonal tuple. All F;, Ag are invertible. Smoothness lifts any such tangent to a
formal arc in Fy. Along it the raw X remains hollow, its upper and lower cross blocks start
with ta and tz, and its lower block starts with A. The Schur complement gives, for every subset
S cld],

det Kg(X (1)) = (~1)¥142 det(Ag) aEsAg  Esz + O(t?). (82)
In particular second-order changes in the lower block or the cross blocks cannot alter the dis-
played coefficient; the upper-left raw entry is identically zero, even for S = @. For each S the
row aESAglES is nonzero. Choose one z outside the finitely many annihilating hyperplanes.
Every determinant in (82) is then nonzero on the formal arc. Their product is consequently a
nonzero element of R. The fixed-D and saturated smoothness minors already nonzero at p are
units in R.

Let b € R be any nonzero function germ. The product of b, the guard product, and these
minors is nonzero because R is a domain. On a sufficiently small finite-type neighborhood in
the component through p, its nonvanishing defines a nonempty open set. As K is algebraically
closed, this open set has an actual K-point. At that point the raw value is still exactly N, all
guards hold, the seed is smooth, and b is nonzero. This proves the stated retention property,
not merely a formal existence claim. The transpose identity (81) transports the entire raw-fiber
argument to row stars. O

Corollary 7.9. If a bilinear form T on V4 x V4 vanishes at every guarded smooth nilpotent seed,
its entire germ on the exact raw fiber at every star in Lemma 7.7 is zero.

Proof. A nonzero germ could be retained at a guarded smooth seed in the same raw fiber by
Lemma 7.8, contradicting the hypothesis on T. O

7.2.5. Siz independent monomials and the gquarded base.

Lemma 7.10. For each D in the above size-four diagonal open, the tensors of guarded smooth
nonzero rank-one square-zero seeds span Vy ® Vy.

Proof. Suppose a bilinear form 7' annihilates all such tensors. By Corollary 7.9 it vanishes
at every generic column or row star. Polynomial continuation on the whole irreducible star
parameter space makes its restriction identically zero there.

First consider two hollow units Egp,, E.q with {a, b} # {c,d}. The second edge has an endpoint
outside {a,b}. If d is such an endpoint, use the column star isolated at d: E,;, belongs to its
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lower block and E.4 to its column. If ¢ is such an endpoint, use the row star isolated at c instead.
Thus
T(Eap, Eca) =0 if {a,b} # {c,d}. (83)
This eliminates four-distinct-vertex coefficients as well, without an embedding assertion from
size three. No relation between the remaining same-edge and reversed-edge coefficients has been
assumed.
Fix now an isolated vertex 0 and a generic lower block A. Choose a v making its column star
one of the smooth points above. For either of the explicit lower kernel matrices B®) in (77), the

. o =((o 4)web+e(p p)) (34)

lies in the exact same raw fiber: the additional full output is tL4(B*)) = 0. The zero germ
from Corollary 7.9, restricted to this line, gives

(5 5):( ) =0

Let C be the directed three-cycle supporting one such kernel vector, and write B, = . A, on
it. Each 7. € K* depends only on D, and the cycle contains exactly one orientation of each
unordered lower edge. Using (83), the preceding identity is

> Ve (T(Ee, Ee)A? + T(Ez, Ec) Az Ac) = 0, (85)
ecC
where € denotes the reverse edge. This identity holds for a nonempty open set of the six
independent entries of A, hence is a polynomial identity in them. Its three square monomials and
three unordered-edge product monomials are six distinct monomials. Every coefficient displayed
in (85) therefore vanishes. The opposite kernel cycle kills the other three square coefficients and
the opposite three ordered reverse-edge coefficients on this lower triangle.
Varying the isolated vertex covers every unordered edge of the four-vertex set. All coefficients
left after (83) consequently vanish, and 7" = 0. The two kernel shifts were taken in a fiber of the
full operator, at a common original input, rather than in fibers of its summands. O

7.3. Exact guarded extension and one common diagonal open.

Lemma 7.11 (Singleton extension in the exact saturated fiber). Suppose P,Q # 0 and a hollow
smooth nilpotent seed in size h > 4 satisfies every subset guard. For a generic new diagonal vector
z=(z1,...,2q) it extends to a guarded smooth nilpotent seed in size h + 1. Any raw function
nonzero at the provisional input in the proof can be retained while restoring the guards.

Proof. Write H poa (X0, Yy) = No = ugvf, with vfug = 0, and provisionally take X = diag(Xo, 0).
By Lemma 7.4, both F(z),G(z) are invertible for a generic z, simultaneously with every E;
invertible and all diagonal entries distinct in each passive coordinate. Put

[ Y0
Y= <)\v6G(z)_1 0> ’ A# 0. (86)
The complete raw value, with no discarded cross terms, is
upvh 0 ug
Ny = (ongo 0) = <)\)(v6,0), rank Ny =1, N7 =0. (87)

The old saturated controls produce the old sl block. Any extra cross components they create
are corrected with the two invertible Y rectangles, without changing that old block. These
rectangles themselves supply the two full cross blocks. A genuine orbit direction Z = (§ §) has

_ (Qevl —Nge
12, 1] = ( 0 —)\vée) :

Choosing ve # 0 gives the last trace-balanced diagonal direction. The saturated derivative is
therefore onto sly .
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These controls can be taken in the old raw variables, the new Y rectangles and the auxiliary
orbit variables. None changes the new raw cross blocks of X. Prescribe an arbitrary column
a and row b for those two cross variations. Their output can be cancelled by the preceding
controls, producing a tangent of the exact saturated fiber I'p = N; with these prescribed raw
X components.

That fiber is smooth at the provisional point. Lift the tangent to a formal arc and keep raw
X hollow. The new diagonal raw entry is identically zero, including for the empty-subset guard.
With Ag = Kg(Xo) and Eg = Hies(Dfld — 2;Ip), the Schur complement gives

det Kg(X (1)) = (—1)¥H142 det(As) bEgAg' Esa + O(t%). (88)

The coefficient is a nonzero bilinear form in (a, b), since Eg, Ag are invertible. Fix any a # 0 and
choose b outside the finitely many annihilating hyperplanes. All coefficients are then nonzero.
Unknown second-order corrections cannot cancel them: the upper-left old block begins at Ag,
both cross blocks begin in order one, and the new scalar diagonal is identically zero.

The smooth local fiber ring is a regular local domain. The arc shows that its product of guards
is nonzero. Multiply it by a surjectivity minor and any raw function nonzero at the provisional
point; those latter functions are units locally. A finite-type localization of the component through
the point is nonempty and has an actual point over the algebraically closed field. This is not an
assertion that a chosen formal arc algebraizes. Discarding the auxiliary conjugator leaves a raw
value conjugate to N1, so rank one and square zero persist, while the raw guards and test have
been retained. In contrast to the size-four restoration, this argument fixes the saturated value,
not necessarily the raw value. O

Lemma 7.12 (Tensor induction and fixed-diagonal descent). Guarded hollow tensor spanning
in size four at generic independent diagonal parameters implies the same assertion in every
n > 4, on one nonempty open of diagonal tuples independent of the test.

Proof. Work first over an algebraic closure of the field of all independent diagonal entries. On
an old h = n — 1 vertex set choose finitely many guarded seed tensors spanning V}, ® V}, over the
algebraic closure of the old diagonal function field. The new d entries z; remain algebraically
independent over that field and over the finitely many algebraic coordinates of these seeds. Hence
the two nonzero determinant polynomials from Lemma 7.4 stay nonzero, and Lemma 7.11 applies
to each seed. The spanning property is preserved by scalar extension.

Let T vanish on all guarded good pairs in the new size. It must vanish at each provisional
input: otherwise exact-fiber guard restoration retains a nonzero value of T'. At (86) its value is

Th(Xo, Yo) + AT (diag(Xo, 0), <v6 Gt 8)) .

It vanishes for every nonzero A, so its constant term vanishes. The old spanning collection gives
Ty, = 0. This works on every (n — 1)-vertex subset. For n > 5, any two hollow matrix units use
at most four vertices and fit in such a subset. Every coefficient of T is therefore zero, closing
the induction from the guarded size-four base.

To obtain the claimed numerical open, choose finitely many generic seed tensors forming a
basis and put their coordinates into one finite-type incidence scheme. Its conditions consist of
the raw rank-one square-zero equations, a nonzero raw entry for each value, the chosen saturated
surjectivity minors, the tensor-basis determinant, and all subset guards. The projection to the
independent diagonal tuples is dominant, because the construction has a point over the algebraic
closure of their function field. Its constructible image contains a nonempty open. Intersect with
the coordinatewise regular-diagonal open. Every nonempty finite-type fiber over a K-point has
a K-point, since K is algebraically closed. Thus every D in this one open supports a spanning
collection simultaneously. The diagonal tuple is not reselected separately for different bilinear
forms or tensor coordinates. |

Proof of Theorem 7.2. Lemma 7.3 handles size three. If A # 0, Lemma 7.5 gives all sizes,
including the guards. If A = 0, both symbols are present. The full four-vertex construction
in Lemma 7.10 gives the guarded base, and Lemma 7.12 gives every larger size and the one
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common diagonal open. These cases exhaust every nonzero symbol pair satisfying the zero-
endpoint identities.

It remains to pass from hollow to full bilinear tests. Arbitrary independent diagonal parts can
be added to X, Y without changing Hp, by the nonempty proper subset conditions in (67). The
hollow differential and its actual simultaneous-conjugation controls persist; the added diagonal
parts are conjugated along with the other original inputs. Suppose a bilinear form on M,, x M,
vanishes at every such enriched seed. Expanding in the two independent added diagonal matrices
first kills its diagonal-by-diagonal part. Its two mixed parts vanish on the projections of the
hollow seed set. Each projection spans V,,: otherwise a nonzero linear functional annihilating
that projection, tensored with any nonzero functional on the other factor, would contradict
hollow tensor spanning. Thus both mixed parts vanish. The hollow-by-hollow part vanishes by
the already established tensor span. The full form is zero, proving the final assertion. O

If one also requires the full enriched input to retain the guards, the nonempty-subset guards
are unchanged. The empty-subset guard det X may change after a diagonal addition; restrict
those additions to the open set where it stays nonzero. This open contains the zero addition at a
guarded hollow seed, so the same polynomial-continuation argument applies. The trace transfer
below only needs the enriched smooth nilpotent seed, not its guards.

7.4. An original-input chart along the commuting-passive locus. The independent pas-
sive matrices cannot be replaced by the linear common-D coordinates used in Theorem 6.1. In
particular, a nonzero polynomial on the original source need not remain nonzero on the locus of
commuting passive tuples. We retain all transverse directions by the following chart. Write D,
for the vector space of diagonal matrices and V,, for the hollow matrices. As above, d =m — 2.

Lemma 7.13 (A full original-input chart). Let D = (Dy,..., Dq) € D¢,
distinct diagonal entries. Take
AecV,, Z; eV, (2<i<d), X, Y e M,,
and restrict to the open set where g = I, + A is invertible. The map
U(D,A,X,Y,Z) = (gD1g™", g(D2+ Z2)g~",...,9(Da + Za)g™ ",
9Xg ' gYg™)

puts these entries in their specified original positions. Its source has dimension mn?, and U is
étale at every point with A =0 and Z = 0. In particular, it is dominant onto M]".

The subspace S = {Z = 0} gives a local étale chart on the simultaneously conjugated
commuting-passive locus with reqular semisimple first passive input. Its dimension and
codimension are

with D1 having pairwise

(89)

dim S = 3n% + (d — 1)n, codim S = (d — 1)(n? — n).
If dUp is onto sl,, at (X, Y, 1), the restriction of d(f o W) to T(p o x,v,0)S is also onto sl,.
Proof. The number of coordinates in the source of (89) is
dn+ (n®> —n) + (d — 1)(n* — n) + 2n? = (d + 2)n* = mn>.

At a point (D, 0, X,Y,0) its derivative is

0By =dD; + [0A, D],

§B; = 6D; +6Z; + [6A, D] (2<i<d), (90)
0Bx = 0X + [0A, X], dBy =Y + [0A,Y].

Given an arbitrary tangent vector (0B, ...,0Bg,0Bx,0By) to the original source, the diagonal
of §B; determines dD;. For a # b,

[6A, Dilay = ((D1)eh — (D1)aa) 5 Aab-

The nonzero eigenvalue differences therefore determine the hollow matrix 0 A uniquely. For each
i > 2, subtract [0 A, D;] from §B; and take its diagonal and hollow parts; these determine §D;
and §Z; uniquely. Finally, the last line of (90) determines the unrestricted 6.X,dY. Thus the
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derivative is an isomorphism between smooth spaces of equal dimension, proving étaleness at
the stated point.

The source is a nonempty open subset of an affine space, hence is irreducible. The étale locus
is open and contains the stated points, and an étale map is open. Consequently the image of
U contains a nonempty open subset of the irreducible original source. This proves dominance,
and in particular injectivity of pullback on its ring of polynomial functions.

For completeness, the commuting-passive locus used here is smooth. A regular semisimple
matrix By has centralizer K|[Bj], of dimension n. Every matrix commuting with it has a unique
expression

n—1
B; =) byBi.
r=0

These expressions identify its centralizer bundle with the trivial rank-n bundle over the regular
semisimple locus: the displayed powers are linearly independent in every fiber, and the inverse
coefficients are regular locally, by an invertible matrix-entry minor. Choosing Bs, ..., By in this
bundle already makes them commute with one another. The passive locus thus has dimension
n? + (d — 1)n; the two full active matrices add 2n? dimensions. The image of S lies in this locus.
Its tangent map is injective by (90), and its dimension equals that of the locus. This proves the
asserted local chart statement and the codimension formula.

It remains to compare the allowed conjugation directions. By the actual restriction formula
(68), on S one has

(f © W)(D,A,X,KO) = gHD(X,Y)g_l.

The coordinate A provides every hollow infinitesimal conjugator. If B is diagonal, then [B, D;] =
0 for every ¢, and simultaneous conjugation by I,, +tB to first order has exactly the same input
tangent as

0X = [B, X], oY =[B,Y], 0A=0, 6D;=0, dZ;=0.

Both active variations are allowed because X, Y are full matrices. Equivariance gives the output
derivative [B, Hp(X,Y')]. Decomposing an arbitrary infinitesimal conjugator into its hollow and
diagonal parts proves that every direction supplied by dI'p is supplied in T'S. No diagonal-torus
direction has been lost by taking A hollow. (I

7.5. The first actual trace term on the same exact fiber. The next argument uses the
complete matrix-entry trace polynomial at the fixed size n. It does not substitute a free cyclic
class for that polynomial, and does not require a trace to appear at a prescribed small order.

Proposition 7.14 (Trace transfer in the independent chart). Suppose the complete selected
restriction of the original ordinary multilinear polynomial f is (68), and its nonzero symbol pair
satisfies the zero-endpoint hypotheses of Theorem 7.2. Fizx n > 3 and put h = tr f on M. If
h = 0, the original map into sl, has a smooth input over a nonzero rank-one square-zero matriz,
with local fiber dimension mn? —n? + 1, and its actual image is sl,.

If h # 0, the original map into M, has a flat input over such a matriz, with local complete-
intersection fiber of dimension mn® — n?, and its actual image is M,. More precisely, the
construction has a first nonzero normal trace order 1 < v < d — 1. Its differential has rank n?
when v =1 and rank exactly n®> — 1 when v > 2. Thus in the latter case the constructed point is

flat but not smooth.

Proof. Let ©,, C Dg be the single nonempty open set supplied by Theorem 7.2; it already
requires regular diagonal passive matrices. Put

tr B
W(B):B—%In, F=foVl, G=noF

Trace invariance cancels g from the pulled-back trace:

(hoU)(D,A,X,Y,Z) = h(D,X,Y,Z) = tr f(Dy, Do+ Zo,...,Dg+ Zg, X,Y),  (91)
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with the same original slot order as in (89). In particular, this is a polynomial in D, XY, Z
and is independent of A. The zero endpoints in (68) make Hp(X,Y') hollow for all full X,Y.
Consequently

h(D7X7YaO):O7 F|S:gHD(XaY)g_1-

If h = 0 on the original source, choose any full seed from Theorem 7.2. For example, its
assertion applied to any nonzero bilinear form ensures that the seed set is nonempty. At the
corresponding point p = (D, 0, X,Y,0), the value N = F(p) is nonzero rank-one square-zero.
Lemma 7.13 makes d(F'|s), onto sl,. Since VU is étale at p, the original differential is onto s,
as well. The original map is therefore smooth there, and its fiber has dimension mn? — (n? —1).
Smoothness gives an open image neighborhood of N; Theorem 2.1 gives the asserted actual
image.

Now assume that the actual polynomial /i is nonzero. Dominance of ¥, proved in Lemma 7.13,
implies h # 0. Expand by total degree in the independent hollow coordinates Zs, ..., Zy:

N d—1
WD,X,Y,Z)=> H;yD,X,Y,Z), H,#0, 1<v<d-1. (92)
j=v
Every H; is homogeneous of degree j in the Z coordinates and bilinear in the full active matrices
X,Y. Indeed, each original passive position other than the first contributes either its D; or its
Z;, at most once, and each active position occurs exactly once. The term of degree zero vanishes
by the preceding hollow restriction. The bound is d —1 = m — 3 because there are precisely that
many transverse passive positions. All coefficients below order v vanish as polynomials in actual
size-n entries. This includes every fixed-size trace identity and every cancellation involving
higher-ideal terms of f.
There are D* € €, and fixed hollow matrices Z° = (Z9, ..., Z9) such that

T(X,Y)= H,(D* X,Y, 7% (93)

is a nonzero bilinear form on M,, x M,,. Here is a coefficient-level justification of this simultaneous
choice. Expand H, in the matrix-entry variables of X,Y, Z. At least one coefficient is a nonzero
polynomial in the independent diagonal coordinates of D. Its nonvanishing open set meets the
nonempty open 2, in the irreducible affine space DZ. At such a D* the polynomial in X,Y, Z
remains nonzero. Some coefficient of an X-entry times a Y-entry is then a nonzero polynomial
in Z. Since K is infinite, choose Z° where this coefficient does not vanish. This proves the
assertion without a density claim for commuting tuples in the original source.

Apply Theorem 7.2 to this T at this same D*. It gives full original matrices Xg, Yy for which

T(Xo,Yy) # 0, N = Hp-(Xy,Yp), rank N =1, N2 =0,

and the saturated differential is onto sl,,. Set p = (D*, 0, X, Yp,0) in the chart and a = ¥(p) in
the original source. The two properties required for the trace argument now hold at one input:
G(p) = N, and

d(G|s)p : TpS — sl, is onto, H,(D*, Xy,Yy,Z) # 0.

The second assertion follows by evaluation at Z9; the first is Lemma 7.13. Nothing here adds
values from different input tuples.

We next solve the exact traceless equations without changing the normal coordinates. Write
g = mn? and r = n? — 1. Choose an r-dimensional linear subspace L C T,S on which dG), is an
isomorphism onto sl,,. In the affine coordinates of the chart centered at p, choose coordinates ¢
along L and complementary coordinates w within S, leaving every coordinate of Z untouched.
Thus

(¢,w,Z) are local coordinates, #0=r, #(w,Z)=q—r, S ={Z=0}.

Choose any linear coordinates on sl,. The Jacobian of the r functions G — N with respect to ¢
is invertible at p. The formal implicit function theorem therefore gives a unique formal solution

(=¢(w,2), #0,00=0  G(¢(w,Z),w,Z)=N.
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In particular, for the exact partial fiber Y = G~1(N),
Oyp = Kl[w, Z]]. (94)

The correction ¢ may have a linear term. That causes no problem: its entries have zero constant
term, and no Z coordinate is replaced or eliminated.

We verify the initial trace term after this correction explicitly. Let m be the maximal ideal in
the completed chart at p. Equation (92) gives

h = H,(D*,Xo,Y0,Z) (modm"t)),  hem (95)

To prove the congruence, every monomial in H, already has Z-degree v. Replacing a coefficient
variable among D, X, Y by its value at p changes that coefficient by an element of m, raising the
total order by at least one. The terms H; with j > v have total order at least v + 1 before any
such replacement. The polynomial is independent of A, so that coordinate introduces no further
term. Upon substituting ¢ = ¢(w, Z), every centered coefficient variable remains in (w, Z) and
the normal coordinates stay exactly Z. Hence (95) becomes

hly = Hy(D*, X0,Yy,Z) (mod (w, Z)"™") in K[[w, Z]]. (96)

Its right-hand side is nonzero. Thus the first surviving normal trace term is also the full lowest
total Taylor term on the exact partial fiber; an implicit correction cannot cancel it.

The surjective differential of G makes R = Oy a regular local ring of dimension ¢ —r =
mn? —n? + 1. In particular, R is a domain. The completion map is injective (equivalently here,

completion is faithfully flat and the maximal-ideal filtration is separated). Equation (96) shows
that hly is a nonzero element of R. It lies in the maximal ideal because F'(p) = N has trace
zero, and, since R is a domain, it is a non-zero-divisor. The full fiber over N is obtained by
adding this one trace equation to G = N, so

dimOp-1(n), =(q—7) = 1= mn? — n?.
Moreover, the r traceless equations form a regular sequence in the regular local ring of the chart:
their independent linear parts can be completed to a regular system of parameters. Appending
the non-zero-divisor h gives a regular sequence of length n2. The full fiber is therefore a local
complete intersection at p.

The target M, and the chart source are regular, and the latter is Cohen—Macaulay. The
displayed fiber dimension is the difference of their dimensions, so miracle flatness proves that F
is flat at p. Since V¥ is étale at p, the original fiber at a = ¥(p) has the same local dimension
and is a local complete intersection. Flatness descends through this local faithfully flat change
of source; equivalently, miracle flatness applies directly to the original regular local source of
dimension mn? and its fiber of dimension mn? — n?. Thus the asserted point belongs to the
original map f, rather than just to a restriction or a quotient representative.

Flatness for morphisms of finite presentation is open on the source, and a flat morphism locally
of finite presentation is open. It follows that the actual image contains an open neighborhood
of N in M,,. Indeed, each K-point in this open set has a nonempty finite-type fiber, which has
a K-point because K is algebraically closed. The degeneration in Theorem 2.1 now yields every
nonscalar target. The scalar part of that theorem applies to the original ordinary multilinear
polynomial f; we spell it out to keep its scope explicit.

Choose Weyl matrices U,V € M,, with UV = (VU and U™ = V" = I, where ( is a primitive
nth root of unity. The matrices U%V?, 0 < a,b < n, form a basis, and their traces are zero except
for UVY = I,. Since tr f # 0, some original input tuple has nonzero output trace. Expanding
that tuple multilinearly in the Weyl basis shows that a tuple of basis matrices has nonzero
output trace. Every word of f uses exactly the same original inputs once, so at this basis tuple
every word is a scalar multiple of the same Weyl basis matrix, of degree >_.(a;,b;) in (Z/nZ)>.
Its nonzero trace forces that degree to be zero. The output is therefore a nonzero scalar matrix.
Scaling one original input gives every scalar matrix. Together with the open-image argument
this proves Val, (f) = M,, as a set of single evaluations.
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Finally, if v = 1, (96) is a nonzero linear form on the tangent space of ). Thus d?zp is nonzero
on ker dG), and the combined map (G, h) has rank r +1 = n?. This is equivalent to dF, having

full rank. If v > 2, (95) gives dh), = 0, whereas dG,, still has rank r. Hence dF), has rank exactly
n? — 1. The étale chart preserves these ranks for df,. The first case is smooth, and the second
is flat but not smooth. O

Completion of the proof of Theorem 1.1. If some ordered pair of original positions has a nonzero
complete common-D restriction, Theorem 6.1 gives both the actual-image classification and the
required original local fiber. For the remaining case every such complete restriction is zero.
Proposition 7.1 supplies a nonzero independent pair, and (70) gives its zero endpoints. Apply
Theorem 7.2 and Proposition 7.14 at the specified size n. These two cases exhaust proper
ordinary J2\ J2. Throughout, the test deciding the target is whether the actual polynomial
tr f on this M]" is zero. No conclusion about that test is inferred merely from its value on the
commuting-passive slice, and its answer is allowed to depend on n. O

7.6. Higher-ideal corrections and the exact second-layer boundary.

Lemma 7.15 (Vanishing on the whole commuting-passive slice). Let R be ordinary multilinear
and belong to J". If fewer than r original positions are active and all other original inputs
commute with one another, then R vanishes for arbitrary matrices in the active positions. In
particular, every ordinary multilinear R € J? vanishes on the entire two-active, commuting-
passive source in every matrix size.

Proof. Write R as a sum of products of r commutator-ideal factors, allowing arbitrary word
contexts, and take its component of degree one in each original variable. In every surviving
summand the variable sets of the factors and contexts are disjoint. With fewer than r active
positions, at least one of the r ideal factors uses only passive inputs. Those matrices lie in a
commutative subalgebra, on which the commutator ideal evaluates to zero. That factor, and
therefore the whole summand including its surrounding words, vanishes.

One can also see that no cancellation or choice of presentation is being assumed by multiplying
the active inputs by independent central parameters t1,...,t;, where k < r. Modulo the ideal
(t1,...,tx) the evaluation takes values in a commutative algebra, so it sends J" into (t1,...,%;)".
Ordinary multilinearity makes the evaluated R equal to t; - - - t, times its unscaled value, of total
parameter degree k < r. Its membership in that ideal forces the unscaled value to be zero. The
identity holds on the entire slice and hence also along its simultaneous conjugates. ([

Corollary 7.16 (Same-degree corrections with no lost trace terms). Let F' be proper ordinary
multilinear of degree m with F € J*\ J3. For every same-degree proper ordinary multilinear
R € J3, the corrected polynomial f = F + R has the conclusions of Theorem 1.1 in each size
n > 3. Its complete independent symbol pair is unchanged for every selected active pair. Its
target and its compatible nilpotent input are determined using the actual corrected polynomial.

Proof. The class of F+ R in J2/J? is the nonzero class of F. Lemma 7.15 shows that the entire
selected commuting-passive restriction, not just one triangular value, is unchanged. Thus its
complete independent symbols are unchanged. Apply Theorem 1.1.

The restriction identity is the only use made of the vanishing of R on this slice. Its transverse
derivatives need not vanish. Every one of them and every higher transverse trace coefficient
is retained in (91) and (92) for f = F' + R. The first surviving order and the bilinear form
(93) may therefore change, and the seed is reselected for that form. The assertion does not say
that a previously chosen triangular witness stays flat for every correction. Cross-partition terms
outside J? are likewise not removed: their contributions are already in the full coefficient arrays
of (67). O
Remark 7.17 (The alternating quartic lies in the independent branch). Use the standard con-

vention

s4(w1, 22,73, 74) = Z Sgn(g)v’%(l)950(2)500(3)%(4)-
og€Sy
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Its commutator expansion is
sS4 = [x1, 2] [x3, 4] + |23, 24][271, 2]
— [1, 23] 72, 24] — [22, T4][71, 73]
+ [x1, x4][x2, T3] + [T2, T3][T1, T4].

Set x1 = D1, x9 = Dy, x3 = X, x4 = Y, with D1, Dy diagonal. The first two products vanish,
and the complete symbols in the convention of (68) are exactly

P(a, b) = agbl — albg, Q(a, b) = a1b2 — a2b1 = —P(a, b) (97)

Indeed, the XY -ordered terms contribute —aibs + a2b1, and the Y X-ordered terms contribute
its negative. Both common-D specializations are zero, both endpoints P(a, —a),Q(a, —a) are
zero, and P is not zero. Writing ¢ = —a — b, its triangle norm is

P(a,b)P(b,c)P(c,a) + Q(a,b)Q(b,c)Q(c,a) = 0.

Thus this example uses the size-three zero-row and size-four cycle-kernel branch of Theorem 7.2;
it is not covered by a nonzero common-D restriction. In fact every common-D chosen-pair
restriction of s4 vanishes, because two of its original inputs coincide.

The polynomial is proper: inserting I in one position makes all its commutator products
vanish. The expansion places it in J2. Its nonzero independent restriction, together with
Lemma 7.15, proves s ¢ J3. Cyclically moving the first letter of a four-letter word to the last
position preserves its trace and changes the alternating sign by (—1)3 = —1. Summing in s4
gives trsy = —trsy, hence trsy = 0 in characteristic zero. Theorem 1.1 consequently gives
actual image sl, and an original smooth nonzero rank-one square-zero input for every n > 3; its
local fiber dimension is 3n? + 1.

For a small exact instance, take

Dy = diag(0,1,2), Dy =diag(0,1,4), X = E+ E3, Y = Ean + E31.

Formula (97) gives the actual value N = —2F5; 4+ 2E3;, which has rank one and square zero.
The all-size smoothness assertion above follows from the proved seed and trace arguments, not
from extrapolation of this one value or from a numerical rank calculation.

8. FURTHER QUESTIONS

8.1. The size-two boundary. The image classification on M is due to Kanel-Belov, Malev
and Rowen [15, Theorem 2]. The local statement of Theorem 1.1 has a separate size-two bound-
ary. By the Amitsur-Levitzki theorem [4], s4 is an identity on Ms, although s, € J2\ J3.
Moreover, with zero endpoints in (68), every surviving term requires three distinct vertices.
Thus the independent-diagonal restriction used in that branch vanishes on Mj. For noncentral
polynomials on My, it remains to determine the scope of the smooth and flat nilpotent-fiber
conclusions.

8.2. The third commutator layer. The classification in degrees four through six is given in [6,
Theorem A]. The higher-arity study in [7] includes local-fiber results for the entire six-slot third
layer, for classes arising from sg with same-degree J* corrections in sizes n > 4, and for specified
families of higher arity. The general proper third layer J3/J% in higher arity remains open. The
fixed-size identity and central cases must be distinguished from the noncentral case. On Ms,
higher-arity third-layer classes can have nonzero scalar image [7, section Central weighted third
classes in size three].

For an ordinary multilinear f € J3\ J* and n > 4, some restriction with three active original
variables and independently chosen diagonal passive inputs is nonzero. Indeed, Id(UTy) = J*
by [3, Theorem 2.1]. In a nonzero evaluation on UT}, expand each input into its diagonal part
and its strictly upper triangular part. Terms with fewer than three strictly upper triangular
inputs vanish by Lemma 7.15. Terms with at least four vanish because the fourth power of the
strictly upper triangular ideal of UT} is zero. A nonzero term therefore has exactly three active
inputs, and it embeds into M,,. By the same lemma, every same-degree multilinear correction
in J* vanishes on each three-active restriction.
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In size three, the three-active restrictions can all vanish on a nonidentity in J3\ J% An
example in seven variables is
5
Z(—l)l_lszl(xl, B > S $5)[[$6, 377], .%'i],
i=1
where the hat indicates omission [7, section Higher third symbols and original correction trace
fibers]. In this case one needs a construction using a larger set of original input directions.
For a noncentral polynomial f in the third layer, write h = tr f and g = f — n~'hI, on the
full original source M;*. The following question specifies a sufficient extension of the method of
this paper.

Problem (Original fibers in the third layer). Let n > 3 and let f be a proper ordinary multilinear
polynomial in J3\ J* with at least one nonscalar value on M,,. Is there an original input a with
f(a) = N, rank N = 1, and N2 = 0 such that

rank(dg,) = n? — 1, hlg-1v) #0in Og-1(ny,, if h # 07

For h = 0, the differential condition gives the smooth traceless fiber. For h # 0, Proposition 2.3
gives the flat full-matrix fiber. Thus the rank condition and the trace condition must hold at
the same original input. Nonvanishing on UT} supplies a restriction, and the conditions in the
problem concern the local ring of the original fiber.

Suppose h Z 0 and h vanishes on a three-active slice. In an original-input chart, the first
nonzero transverse trace coefficient is trilinear in the three active matrices. A sufficient statement
for extending Proposition 7.14 is that, for every passive tuple in a nonempty regular-diagonal
open set, the active tensors X ® Y ® Z span M23 as (X,Y, Z) ranges over inputs with nonzero
rank-one square-zero value at which the slice differential, with simultaneous conjugation, surjects
onto sl,. This would permit the choice of an input on which the first nonzero trace coefficient is
nonzero. The exact traceless equations could then be solved along the slice with the transverse
parameters fixed. Degree eight is the first degree in which a nonzero J*# correction can occur, so
it is the first case in which this trace condition must allow a nonzero correction with the same
original variables. Polynomials lying wholly in .J* require a separate treatment.

8.3. Beyond the proper second layer. For nonproper polynomials in higher degree, a unit
restriction can supply a surjective traceless differential along the retained variables at a rank-
one nilpotent value. After restoring the deleted inputs, one must control the trace on the exact
traceless fiber of the original map, as in the bounded-degree argument of [6]. The constructions
for traceless containment in [8] address the strengthened Mesyan conjecture in higher degrees.
The local-fiber question here also requires full-matrix coverage for the traceful noncentral branch.
The arbitrary-degree L’vov—Kaplansky conjecture remains open.
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