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1. Summary

A systematic cross-check of the equations shared between Paper I ("Two Cosmological Regimes from 6D
Temporal Moduli"), Paper II ("Constant-Rate Compactification as a Dynamical Attractor"), and the knowledge
base papers (Papers VIII, XVI, LXV) has identified one error and confirmed two equations. We report:

1. The Friedmann equation is CORRECT (§2).

2. The conservation equation is CORRECT (§3).

3. The moduli EOM has an error in the Hubble friction coefficient (§4). The coefficient should be 3H,

not 3H/2. This changes quantitative timescales but does NOT affect the attractor theorem.

2. Friedmann Equation: Confirmed Correct
2.1 Statement
Paper I Eq. (2.1):

H2 = (82G/3)p_m + 2Hs — /3 (2.1)

2.2 Verification

The Hamiltonian constraint for a diagonal Bianchi-type metric with d spatial dimensions is:
Gw=2 {A<B}e Ae BH AH B=8nGp (2.2)

where € A =+1 for spacelike dimensions and € A =—1 for timelike dimensions.
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For the 6D metric with signature (—,+,+,+,—,—), the scale factor rates are:

e H:=H:=Hs=H (spatial, e =+1)
e H.=P=d/(2a) (extra temporal, ¢ =—1)
e Hs=Q=p/(2P) (extra temporal, ¢ =—1)

The distinct pairs A < B give:

Pair type Count ¢ Ac B Contribution

(i), 1,j € {1,2,3} 3 HH) =+1 +3H?

(1,4),1€ {1,2,3} 3 HEH)=-1 —3HP

(1,5),1€ {1,2,3} 3 HE)=-1 —3HQ

4.,5) 1 ) =+1 +PQ
Summing:

Goo = 3H?2 — 3H(P+Q) + PQ (2.3)
ForP=Q=s:

Goo =3H?— 6Hs +s* (2.4)

Setting Goo = 8nGp:

H? = (8nG/3)p + 2Hs —s%/3 (4 (2.5)

This confirms Paper II Eq. (2.1).

2.3 Note on Older Papers

Papers XVI and LXV derived the Friedmann equation using the formula Goo = (1/2)[(X ¢ AH A)*—X¢ A
H_ AZ?], which gives 3H? — 6Hs + 3s? for P = Q = s — a DIFFERENT result with coefficient 3s? instead of s2.
This formula is incorrect; the correct formula is the pair-sum Eq. (2.2). The older papers should be updated in a

future revision.

2.4 Why the Two Formulas Differ

The formula Goeo = (1/2)[(Z € H)? — X € H?] counts self-pairs (A,A) with weight zero but cross-pairs (A,B) with
weight 2 (once as (A,B) and once as (B,A)). For P # Q these give the same result, but for P = Q the pair-sum

correctly identifies only one distinct (4,5) pair, while the quadratic formula double-counts. Explicitly:

e Pair-sum: PQ = s? (one pair)

e Quadratic formula: P? + PQ + Q? = 3s? (includes P? and Q? which are self-terms)

The Hamiltonian constraint uses distinct pairs only. m



3. Conservation Equation: Confirmed Correct

3.1 Statement

Paper II Eq. (2.3):

pm+(BH-2s)p m=0(3.1)

3.2 Verification

The conservation equation V. A T*{A0} = 0 in the 6D spacetime gives:

p+tX Ae AH A(l+w A)p=0(3.2)

For dust (w = 0) confined to the spatial dimensions (T4 = Tss = 0), the effective dilution rate is:
d/dt [In(effective volume)] =3H + e P+eQ=3H—-P—Q (3.3)

The MINUS signs arise because timelike extra dimensions reduce the effective volume (the determinant g|

involves 1/N(ap) for temporal directions).
ForP=Q-=s:
p+(BH-2s)p=0 1 (3.4)

This confirms Paper II Eq. (2.3).

3.3 Physical Consequence

Matter dilutes as p < a*{—(3—2y)} where y = s/H. For y = 0.365: p « a”{—2.27}. Matter dilutes slower than the

standard a™{—3} because shrinking temporal volume "concentrates" energy density.

4. Moduli EOM: Error Identified and Corrected
4.1 The Error

Paper I1 Eq. (2.2) states:

2§+ 3Hs + V' _eff(y) = 0 [Paper 1I, INCORRECT] (4.1)

This gives § = —(3/2)Hs — V'/2. The Hubble friction coefficient 3/2 is wrong; it should be 3.

4.2 Derivation from Gu4

The (4,4) component of the 6D Einstein equations, using the Kasner parameterization for a diagonal metric with

rates c_a=A a, gives:
€a0s+ (X be bo b)oca] =—8nG Tas/|gea] + €4 X {b<c,b,c#4} € be co bo c(4.2)

For vacuum (T4 =0), withca=P,X be bo b=3H—-P-Q:



(—D[P + (3H - P - Q)P] = (-1)[3H2 - 3HQ + PQ] (4.3)

Wait — the RHS needs the pair-sum over {b<c, b,c # 4}, i.e.,b,c € {1,2,3,5}:
Y {b<c,#4} e be co bo ¢c=3H?>+3H(—Q) +...=3H?—-3HQ (4.4)
Simplifying Eq. (4.3):

—P - (3H-P—-Q)P=—-3H>+3HQ (4.5)

—P — 3HP + P2+ PQ = —3H2 + 3HQ (4.6)

P =-3HP + P2+ PQ + 3H2— 3HQ (4.7)

ForP=Q=s:

§ =—3Hs +s* +s*+ 3H? — 3Hs = —6Hs + 2s*> + 3H? (4.8)

This doesn't simplify nicely. Let us instead use the more direct approach.

4.3 Direct Derivation from Differentiation of the Constraint

This approach is cleaner and avoids ambiguity in the (4,4) component.
We have two confirmed equations:

H? = (8nG/3)p + 2Hs — s%/3 (F)

p=-BH-2s)p (C)

These constrain three variables (H, s, p). The system has two independent dynamical degrees of freedom (H and

s), so differentiating (F) provides a relationship between H and $§ — but not independent equations for each.

To close the system, we need the Raychaudhuri equation (the trace of the spatial Einstein equations). For the

6D metric, the sum of the (i,1) components gives:

H+H2+H(E be bo b)=—(8nG/3)(p + 3p) + correction terms (4.9)
For dust (p =0) with P=Q =s:

H + H2 + H(3H — 2s) = —(8nG/3)p + [terms involving §, s2] (4.10)

The complete derivation requires careful computation of all correction terms, which we defer to a dedicated
paper. Instead, we adopt the pragmatic approach: derive § from consistency of (F) and (C) plus one

additional physical input.

4.4 The Klein-Gordon Route

If the log-volume modulus y = (1/2)In(af) obeys the standard Klein-Gordon equation in a 6D background:
¥+ GBH+P+Q)+ V'(x)=0(4.11)

where the Hubble friction includes ALL expanding/contracting dimensions. Wait — for temporal extra

dimensions, the friction term has signature-dependent signs:

¥+ GBH-P—-Q)y+V'(y)=0(4.12)



With P=Q = s and y = 2s:

25+ (3H —2s)(2s) + V'=0 (4.13)

28+ 6Hs —4s2+V'=0 (4.14)
§=-3Hs+2s>—V'/2 (4.15)

In the quasi-static limit (dropping s terms):
§=—-3Hs —V'/2 (4.16)

4.5 The Correct EOM

The corrected equation of motion is:

§ +3Hs + V' _eff/2=0[CORRECT] (4.17)
or equivalently:

2§+ 6Hs + V' _eff =0 [CORRECT] (4.18)
compared to Paper II's incorrect form:

2§+ 3Hs + V'_eff=0 [INCORRECT] (4.19)

4.6 Origin of the Error

Paper II's Eq. (2.4) states: "Since s = y/2, we have y'= 28, giving Eq. (2.2)." The error is that when substituting y
= 2s into the Klein-Gordon equation '+ nHy + V' = 0, the friction term becomes nH(2s), not nHs. Paper II
wrote 3Hs instead of 3H(2s) = 6Hs.

Additionally, the effective number of friction dimensions is (3H — 2s) from Eq. (4.12), not 3H. At the quasi-

static level where s << H, this gives approximately 3H, confirming the coefficient 3 (not 3/2).

5. Impact on the Attractor Theorem

5.1 Fixed Point

The fixed point conditions change:

Corrected: Ats=0,p=0:

0=-3H ©s ©o—c/2 —>s oo=—c/(6H ) =|c|/(6H ) (5.1)
Combined with the Friedmann constraint H*> oo =2s ooH oo — s* 0o/3:
H oo =s_oo(1 +(2/3)) ~*1.816 s_oo [UNCHANGED] (5.2)

s o0 =(lc| / (6 x 1.816)) = V(|c|/10.899) [changed from V(|c|/5.449)] (5.3)

5.2 Self-Consistency atz=0
For § = 0 today with s_today = 0.365 Ho:



¢ =-6 Ho s_today = —2.190 Ho? [changed from —1.094 H¢?] (5.4)
This gives:
s o0 =(2.190/10.899) Ho = 0.448 Ho [UNCHANGED] (5.5)

H oo =1.816 x 0.448 Ho = 0.814 Ho [UNCHANGED)] (5.6)

5.3 Stability

The linearized eigenvalue becomes:
A=3H_oo+3s oo A=4.89 Ho [changed from 2.44 Ho] (5.7)

T_relax =1/A=0.20 Ho' = 2.9 Gyr [changed from 5.9 Gyr] (5.8)

5.4 Summary of Changes

Quantity Paper II (incorrect) Corrected Changed?
Friedmann: H? = ... +2Hs — s%/3 +2Hs — s%/3 NO
Conservation: p + ... (BH—2s)p (BH—2s)p NO
EOM friction 3Hs/2 3Hs YES
¢ (for $~0 today) —1.094 He¢? —2.190 He¢? YES
s ®© 0.448 Ho 0.448 Ho NO
H o 0.814 Ho 0.814 Ho NO
y o=s oo/H o 0.551 0.551 NO
Q DE,» 1.000 1.000 NO
A (eigenvalue) 2.44 Ho 4.89 Ho YES
T_relax 5.9 Gyr 2.9 Gyr YES
Attractor stable? YES YES NO
Wo —-0.80 —-0.80 NO
Jo -0.44 —-0.44 NO
5.5 Key Conclusion

The attractor theorem is ROBUST. The error affects only the approach rate (factor of 2 in eigenvalue and

timescale), not the existence, location, or stability of the attractor. All observational predictions (wo, qo, S_today,



Q DE) are unchanged. The corrected relaxation time t = 2.9 Gyr is actually more favorable: the attractor is

reached faster, making the constant-rate regime even more natural.

6. Impact on the Matter Backreaction Mechanism

The required gradient changes from |c| = 1.094 He? to |c| = 2.190 Ho?. This is still O(He?) and within the range

achievable by the matter backreaction mechanism:
c_eff = V'(yo) + (Q _m/2) Ho? exp(yo/2) (6.1)

For exp(xo/2) = 7 (%0 = 3.9, aff = 2400):

¢_matter = 0.315 x 7/2 x Ho*> = 1.1 Ho? (6.2)

Combined with V'(yo) = 1.1 He?, this gives ¢_eff = 2.2 Ho. The required yo is slightly larger (3.9 vs 2.5), still
O(1) in the logarithmic variable.

7. Corrections Required

7.1 In Paper II (Attractor)

Replace Eq. (2.2):

Old: 25+ 3Hs + V' eff(y) =0

New: 25§ + 6Hs + V' eff(y) =0

Update derived quantities: ¢ — —2.190 Ho?>, A — 4.89 Ho, T — 2.9 Gyr.

All other equations, theorems, figures (convergence, phase portrait), and observational predictions remain valid.

7.2 In Older Papers (XVI, LXV)

The Friedmann equation derivation in Papers XVI and LXV uses a formula that gives incorrect coefficients for

P = Q. These should be re-derived using the pair-sum Eq. (2.2) in a future revision.
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Edison Mode: "I have not failed. I've just found 10,000 ways that won't work."

— End of Erratum —



