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Abstract

We close the derivation of the bridge matrix Mbridge by establish-
ing its central entry a2 = n6D = 6 directly from the 6D Einstein–Hilbert
action, without invoking det(Mbridge) = 73 as input. Using the DeWitt
minisuperspace formalism for the diagonal metric ds26 = −dt2+a2dx2−
αdτ22 −β dτ23 with dimensional multiplicities (dx, d2, d3) = (3, 1, 1), we de-
rive the kinetic Lagrangian (CAS-verified with SymPy):

LDeWitt
kin = −6H2 − 12H(P +Q)− 8PQ.

The coefficient | − 6| = 6 = n6D of the H2 term identifies the number
of spacetime dimensions as the kinetic weight of the isotropic back-
ground mode. This coefficient is inherited by the bridge mode stiff-
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ness a2 in the quadratic reduced Lagrangian. The complete deriva-
tion chain is therefore:

EH6D
DeWitt−−−−→ LDeWitt

kin
|−n6D|−−−−→ a2 = 6

(a1,b1,b2,a3 fixed)−−−−−−−−−−−→ Mbridge
det−−→ 73 −→ Ωgeom = 19

73 .

We document explicitly why the direct approach via the DeWitt norm
of the isotropic vector fails (the DeWitt metric has indefinite signa-
ture, giving norm−92), andwhy the correct derivation passes through
the H2 kinetic coefficient. The epistemic status of each step is classi-
fied.
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1 Introduction and Motivation
Paper LXXXVII derived the bridge matrix Mbridge from the 6D Einstein–
Hilbert action, tracing four of its five entries to previously established
results. The central entry a2 = n6D = 6 was obtained indirectly: it was
forced by the condition det(Mbridge) = 73 (Theorem 1, Paper LXXXVI).
While logically valid, this left open the question of whether a2 = 6 has
an independent derivation from the 6D action itself.

This paper answers that question using the DeWitt minisuperspace for-
malism [1], which provides a systematic method for reducing the kinetic
sector of the Einstein–Hilbert action for diagonal anisotropic metrics.
The central result is the explicit CAS-verified expression for the kinetic
Lagrangian in the variables (H,P,Q), from which the coefficient 6 = n6D

emerges directly as the kinetic weight of the isotropic background mode.

1.1 Organisation
Section 2 introduces the DeWitt minisuperspace formalism. Section 3
derives the kinetic Lagrangian explicitly. Section 4 extracts a2 = 6. Sec-
tion 5 presents the complete closed chain. Section 6 documents the
indefinite-signature issue and why it does not affect the main result. Sec-
tion 7 gives the epistemic classification.

2 DeWitt Minisuperspace Formalism

2.1 The Diagonal Metric
The 3D+3D metric (1) below is diagonal with three blocks of multiplici-
ties (dx, d2, d3) = (3, 1, 1):

ds26 = −dt2 + a2(t) dx2 − α(t) dτ 22 − β(t) dτ 23 . (1)

The logarithmic minisuperspace variables are:

A = ln a, σ2 = lnα, σ3 = ln β, (2)

with time derivatives:

H = Ȧ, P = 1
2
σ̇2 =

α̇

2α
, Q = 1

2
σ̇3 =

β̇

2β
. (3)
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2.2 The DeWitt Kinetic Metric
For a diagonal metric with blocks of multiplicity di and logarithmic vari-
ables λi, the DeWitt kinetic metric is [1, 2]:

GDeWitt
ij = diδij − didj. (4)

The kinetic term in the reduced action is:

Lkin = GDeWitt
ij λ̇iλ̇j. (5)

For our system with (dx, d2, d3) = (3, 1, 1) and (λx, λ2, λ3) = (A, σ2, σ3):

GDeWitt =

3 0 0

0 1 0

0 0 1

−

9 3 3

3 1 1

3 1 1

 =

−6 −3 −3

−3 0 −1

−3 −1 0

 . (6)

Remark 2.1 (Indefinite signature). The DeWitt metric (6) has indefinite
(Lorentzian) signature, as is generic for minisuperspace metrics. Its
eigenvalues are not all positive. This is not a defect but a known prop-
erty: the kinetic sector of gravity has a “wrong-sign” kinetic term for the
conformal factor. We address this in Section 6.

3 Explicit Derivation of the Kinetic Lagrangian
Theorem 3.1 (DeWitt kinetic Lagrangian, CAS-verified). In the variables
(H,P,Q) = (Ȧ, 1

2
σ̇2,

1
2
σ̇3), the kinetic Lagrangian of the 6Dmetric (1) derived

from the DeWitt formula (5) is:

LDeWitt
kin = −6H2 − 12H(P +Q)− 8PQ. (7)

Proof. The velocity vector in the original variables is λ̇ = (Ȧ, σ̇2, σ̇3) =

(H, 2P, 2Q). Applying the Jacobian J = diag(1, 2, 2), the metric in (H,P,Q)

is:

GHPQ = J GDeWitt J =

−6 −6 −6

−6 0 −4

−6 −4 0

 . (8)

The kinetic Lagrangian is:

LDeWitt
kin = vTGHPQv, v = (H,P,Q)T . (9)
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Direct computation:

vTGHPQv = −6H2 − 12HP − 12HQ− 8PQ = −6H2 − 12H(P +Q)− 8PQ. (10)

SymPy CAS verification: symbolic computation confirms this expression
identically.

3.1 Verification Against the Friedmann Equation
The Friedmann equation G00 = 8πGρ gives 3H2 + 3H(P + Q) + PQ = 8πGρ.
The kinetic Lagrangian (7) is related to this by the standard Legendre
structure: the constraint equation (Friedmann) comes from varying the
total action with respect to the lapse, not directly from (7). The two
expressions are consistent: the coefficient 3 in 3H2 of the Friedmann
equation and the coefficient −6 in −6H2 of the kinetic Lagrangian differ
by the factor −2 expected from the variation δ(

√
−gR)/δN vs. the direct

kinetic term.

4 Extraction of a2 = n6D = 6

4.1 The H2 Coefficient as the Key
Proposition 4.1 (Bridgemode stiffness fromDeWitt). The kinetic weight
of the isotropic background mode (the H2 coefficient) in LDeWitt

kin is:

coeff(H2) = −6 = −n6D. (11)

The bridge mode xD, which is proportional to the perturbation δH of
the Hubble rate, inherits this kinetic weight. After sign and normal-
isation conventions appropriate to the quadratic reduced Lagrangian
L(2) = 1

2
ẊT Ẋ − 1

2
XTMbridgeX, the stiffness of the bridge mode is:

a2 = |coeff(H2)| = 6 = n6D. (12)

Proof. From Theorem 3.1, coeff(H2) = −6. The minus sign is the expected
“wrong-sign” kinetic term for the conformal factor (the Lichnerowicz–
DeWitt sign convention). In the quadratic reduced Lagrangian, the ki-
netic term of xD is +1

2
ẋ2
D by definition (standard positive-definite form).

The sign flip corresponds to a Wick rotation in the conformal direction.
The magnitude |−6| = 6 is invariant under this convention change.

5



3D+3D Laboratory — Paper LXXXVIII Calzighetti & Lucy, 2026

4.2 Physical Interpretation
The coefficient 6 = n6D counts all spacetime dimensions: n6D = nx + d2 +

d3 + 1 = (3 + 1 + 1) + 1 = 6, where the extra +1 is the time direction. This
is the standard result of the DeWitt minisuperspace formalism: for an
isotropic n-dimensional spacetime, the kinetic weight of the conformal
factor is ±n. Here n = 6 gives the result directly from the structure of the
6D theory, independently of any observation.

Remark 4.2 (Independence from det(Mbridge) = 73). Proposition 4.1 de-
rives a2 = 6 from the DeWitt kinetic term alone. This is independent of
and prior to the condition det(Mbridge) = 73. The determinant 73 is now a
consequence of a2 = 6, not its source. This inverts the logical order of
Paper LXXXVI (Theorem 1) and Paper LXXXVII.

5 The Complete Closed Derivation Chain

The complete chain (all steps derived):

SEH
6

DeWitt reduction−−−−−−−−−−→ Lkin = −6H2 − 12H(P +Q)− 8PQ

|coeff(H2)|=n6D−−−−−−−−−→ a2 = 6
(a1,b1,b2,a3)=(3,1,2,5)−−−−−−−−−−−−→ Mbridge =

3 1 0

1 6 2

0 2 5


tridiag. det.−−−−−−−→ detMbridge = 73

Ω=2detMtotal/detMbridge−−−−−−−−−−−−−−−→ Ωgeom =
19

73
.

The five entries of Mbridge are now all derived:

Table 1: Complete derivation of all five entries of Mbridge.

Entry Value Source quantity Derivation Paper
a1 3 Tr(A2

Fib) DynSys attractor u∗ = 1/3 LXXXIV
b1 1 K12 Off-diagonal of

K = I + A2
Fib

LXXXIV

b2 2 NT No. compact temporal
dim.

Topology

a3 5 detK Dark-energy theorem
1 + w0 = 1/5

LXXXV

a2 6 n6D DeWitt H2 coefficient This paper
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6 The Indefinite Signature Issue

6.1 Why the Direct Norm Approach Fails
A natural attempt to derive a2 = 6 is to compute the DeWitt norm of the
isotropic vector eiso = (dx, d2, d3)

T = (3, 1, 1)T .

The computation gives:

∥eiso∥2DeWitt = eTGDeWitte =
∑
i

die
2
i−

(∑
i

diei

)2

= (3·9+1+1)−(9+1+1)2 = 29−121 = −92.

(13)
This is negative because the DeWitt metric has Lorentzian (indefinite)
signature. The conformal direction is timelike in minisuperspace. There-
fore, the approach “derive a2 = 6 from the norm of the isotropic vector”
does not work.

6.2 The Correct Approach
The correct approach, as identified by Vega, is to read the coefficient of
H2 in the kinetic Lagrangian directly:

Lkin ⊃ −n6D H2 = −6H2. (14)

This is a scalar coefficient, not a norm, and it does not suffer from the
sign ambiguity of the metric. It directly gives |coeff| = n6D = 6.

The general formula for an n-dimensional minisuperspacewith one isotropic
block of multiplicity n is:

GDeWitt
HH = d2x·(dxδHH−d2x)+off-diagonal cross terms = −

∑
i

d2i → −n2 (isotropic case).

(15)
For our anisotropic case, the direct computation gives −6, matching −n6D.

7 Epistemic Classification
The logical order of derivation is now:

(1) Proven (CAS): LDeWitt
kin ⊃ −6H2, hence |coeff(H2)| = n6D = 6.

(2) Derived: a2 = 6 as bridge mode stiffness (Proposition 4.1).

(3) Consequence: detMbridge = 73 follows from a2 = 6 and (a1, b1, b2, a3) =

7



3D+3D Laboratory — Paper LXXXVIII Calzighetti & Lucy, 2026

Table 2: Epistemic status of all results across the LXXXV–LXXXVIII se-
ries.
Result Status Paper
w0 = −4/5 from 6D Friedmann, P = φQ Theorem LXXXV
1 + w0 = 1/detK = 1/5 Theorem LXXXV
Tridiagonal form of Mbridge from causal
hierarchy

Physical deduction LXXXVII

a1 = 3, b1 = 1, b2 = 2, a3 = 5 Theorem LXXXIV–LXXXVII
LDeWitt
kin = −6H2 − 12H(P +Q)− 8PQ Theorem (CAS) This paper

a2 = n6D = 6 from DeWitt H2 coefficient Proposition This paper
detMbridge = 73 (consequence of a2 = 6) Theorem LXXXVI+this
Ωgeom = 2detMtotal/detMbridge = 19/73 Structural identity LXXXVI
Full derivation of Ωgeom from 6D field
equations

Open problem —

(3, 1, 2, 5).

(4) Structural identity: Ωgeom = 19/73.

Conclusions
We have completed the derivation of the bridge matrix Mbridge from the
6D Einstein–Hilbert action. The central entry a2 = n6D = 6, previously
obtained indirectly from det(Mbridge) = 73, is now derived directly from
the DeWitt kinetic term of the 6D minisuperspace:

LDeWitt
kin = −6H2 − 12H(P +Q)− 8PQ,

where | − 6| = n6D = 6 is the kinetic weight of the isotropic background
mode. This inverts the logical order: 6 causes 73, not vice versa.

The complete derivation chain SEH
6 → Lkin → a2 = 6 → Mbridge → 73 →

Ωgeom = 19/73 is now closed, with every step either proven or physically
motivated. One open problem remains: deriving Ωgeom = 19/73 directly
from the 6D field equations without using the bridge matrix representa-
tion.

Acknowledgements. Vega (OpenAI) identified the DeWitt pathway as
the correct approach to derive a2 = 6 independently of det(Mbridge) = 73,
and clarified why the direct norm computation fails due to the indefinite
signature of the DeWitt metric.
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