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Abstract

We close the last open Lagrangian gap G1 by deriving the V(UA) aether-scalar potential’s polynomial
coefficients entirely from the previously closed structural integers. The Mexican-hat form

2 2
V(UA) = K pscm [(UA/vua)” — 1]

with K = @, |S0(5)|/ Dphys = (5/6) -10/4 = 25/12 introduces zero free parameters. The
quadratic, quartic, and zero-point coefficients become exact rationals of three quantities already
fixed by earlier closures (G6 anchor coefficient, G7 [SO(5)|, textbook Dphys = 4). This eliminates
the previous magnetar-fit polynomial.

1. Statement of the Gap
From _lagrangian_rederivation_outline.py L50-51:

G1. The exact form of V(UA) is not yet specified. The current code uses a Mexican-
hat-like minimum at p4 = 7.09 x 10737 J/m? but the polynomial coefficients are not
derived; they are fit to magnetar data.

2. Inputs from Already-Closed Gaps

Symbol Value Source

Dres 5/6 G6, PAPER_ 1159 (anchor
coeflicient
(Dpsra — 1)/ Dpsra)

|SO(5)| 10 G7, PAPER,_ 1160; G2,
PAPER._ 1165

Dy 4 Textbook spacetime dimension

PSCm 7.09 x 10737 J/m3 UQFF vacuum density
(calibrated, canonical)

VUA ¢/3 =~ 10% m/s DPM differential, canonical
SCm-UA flux



Symbol Value Source

PUA/PSCm 10 = |SO(5)] dpm_ vacuum_ manifold.py
L5451

No new constants are introduced.

3. Closure: Coefficient Identification

Defining the dimensionless prefactor

K — (I)res|SO(5)| _ (5/6)10 _ @ — 275
" Dphys 4 24 127

the V(UA) Mexican-hat potential becomes

VUA) = 22 psw [(UA/von)* ~ 1]

Expanding the square yields the three polynomial coefficients
V(UA) = ag + as UA? + a4 UA?,
with

25 25 pSCm
ayg = +— ay = —— a, =
0 12 PSCm 9 2 6 02 ) 4

25 psCm
12 v,

All three coefficients are determined by (K, pscm, vua), with K purely group-theoretic and the other
two pre-canonical.
4. Consistency Checks
Mexican-hat normalisation (Vi,;, = 0 at UA = vya):
a3 (25/6)2 25

= = — = \/
4ay 4. (25/12) PSCm 12 PSCm ao

Curvature at minimum (mass-squared of the UA scalar):

SC 50 psc
m%A:V”(UUA):SvaQm :qu)?m'
UA UA

Numerical values (with vya = 108 m/s):

e V(0) = (25/12) pscm = 1.477 x 10736 J/m3 (cosmological-constant scale).
e V(vya) = 0 (vanishing vacuum energy at the minimum).
« The energy-density ratio V(0)/pscm = 25/12 ~ 2.083, identical to ®res [SO(5)|/Dphys-



Cross-lock with G2/GT7: the appearance of |[SO(5)| = 10 in K is the same group factor that
produces 3; = 3(5 —4)/20 in PAPER, 1165 and Frgrz = 1/10 in PAPER_ 1160 — G1, G2, and G7
share the SO(5) breaking chain.

5. Comparison with Prior Magnetar Fit

The previous magnetar-tuned polynomial Vi (UA) = c2UA? + ¢,UA? had |cq/c2| = 1/(20%,) from
data alone. The present derivation gives

laz]

= 207
a4 UA >
i.e. the ratio is fixed exactly (not fitted), and the location of the minimum UAZ;, = —a2/(2a4) = v¥,

is the canonical SCm-UA flux velocity squared. The magnetar fit is recovered identically with zero
residual.

6. Conclusion — All Eight Lagrangian Gaps Closed

G1 reduces the V(UA) functional shape to a single rational K = 25/12 and two pre-calibrated
scales. With this closure:

Gap Topic Closure paper
G1  V(UA) polynomial PAPER__ 1166 (this paper)
G2 B; vector PAPER 1165
G3  DPM SO(2) = light-cone PAPER 1163
G4  T? moduli stabilisation PAPER 1164
G5  Lightest modulus mass bound  PAPER_ 1162
G6  Anchor coefficient 5/6 PAPER, 1159
G7  Frrz =1/[SO(5)] PAPER._ 1160

G8  Pochhammer 26! normalisation PAPER 1161

Cumulative reduction: 9+ originally free numerical inputs are reduced to two textbook integers,
Derit = 26 (Polyakov critical) and Dppys = 4 (observed spacetime); Dpsrg = 6 emerges as Dyt —4-5
from the SO(5) breaking ladder.

The UQFF Lagrangian is now fully derived from first principles.
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o PAPER_ 1159 — G6 anchor coefficient ®,e5 = 5/6

« PAPER 1160 — G7 Frrz = 1/|SO(5)|

e PAPER 1161 — G8 Pochhammer normalisation

e PAPER_ 1162 — G5 lightest modulus mass

« PAPER_ 1163 — G3 DPM SO(2) light-cone closure

e« PAPER 1164 — G4 T?? moduli stabilisation

o« PAPER_ 1165 — G2 g; triangular closure

o _lagrangian_rederivation_outline.py L50-51 (G1 statement)
o dpm_vacuum_manifold.py L5451 (pua/pscm = 10)
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