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We develop a quantum-gravity framework in which, within extreme regimes
such as black-hole interiors, the fundamental speed of light is promoted to
a quantum operator that does not commute with spacetime, thereby induc-
ing a quantised metric whose nonlinear back-reaction prevents the geometry
from approaching physical singularities. Within this structure, an internal
Hawking-like excitation—the anti-eigen fluz—can tunnel outward through
quantum-corrected horizons. We apply this framework to cosmology by
tracing initial conditions to a primordial black hole whose fields saturate
the lower bound of non-perturbative quantisation, enforcing a fundamental
asymmetry between the tunnelling probabilities of the anti-eigen flux and
standard Hawking radiation. This asymmetry drives the non-perturbative
primordial black hole along a negentropic trajectory toward an intrinsically
unstable Planck-scale black hole, which inevitably generates a quantum-
gravitational jerk (recoil) of 2.175 x 10°! hawkings—an event we term the
Jerk Tremendous—triggering a transition to classical behaviour, decoupling
gravitational and quantum dynamics, and yielding an asymptotically free
gravitational universe without a cosmological constant problem. In the per-
turbative regime of black hole quantisation, tunnelling probabilities become
symmetric, restoring unitarity and ensuring the conservation of information.
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1 Fundamental Framework

Status of Extreme Field Theory Extreme Field Theory (EFT), as de-
veloped in this work, is formulated as an effective operator-based framework
designed to capture quantum-geometric corrections in extreme gravitational
regimes—particularly within black hole interiors where semiclassical grav-
ity proves inadequate. The formalism promotes selected geometric quan-
tities to quantum operators, encoding back-reaction effects and correlations
across perturbative and non-perturbative regimes, most notably allowing the
speed of light to acquire an operator-valued character. Consequently, in
the extreme-field regime the fundamental object of the Einstein field equa-
tions—the metric tensor—acquires an operator-valued structure, reflecting
the quantisation of geometry at extreme curvature. EFT thus complements
established quantum gravity programmes, offering a physically motivated in-
termediate description of extreme-field dynamics with implications for black
hole interiors, the information paradox, and early-universe cosmology.

Motivation 1. Recent observations by the James Webb Space Telescope [148,
149] suggest that our Universe may have originated within a primordial black
hole [41,|131], challenging our understanding of black hole interiors and their
role in cosmic evolution. Classical frameworks such as Newtonian mechan-
ics, general relativity, and quantum field theory—uwhile successful in many
domains—remain incomplete when addressing singularities and the informa-
tion paradox in extreme gravitational regimes (36,155, 74,79). These limita-
tions motivate the development of an extreme field theory, in which quantum-
gravitational effects allow fundamental quantities, such as the speed of light,
to acquire an operator-valued character [5,/15,(27,37,606,/164).

Definition 1 (Extreme Quantum-Gravitational Electrodynamics). In ex-
treme quantum-gravitational regimes, electromagnetic field dynamics obey:

VMFMV = J(l]/uantum7 (1)

where F* = NVFAY — VY A is the Maxwell tensor, and J”

quantum 7”6]77’68671755 a
non-vanishing quantum source.

Proposition 1. The field equations yield a modified wave equation with
non-trivial source terms that cannot be gauged away.

Proposition 2 (Quantum Speed of Light). In extreme quantum-gravitational
regimes, the speed of light emerges as a quantum operator C*> = c* + X.



Proof. We begin with the modified Maxwell equation, Eq. , expressed in
terms of the potential A*:

Frr = VHEAY — VYV AR, (2)
Computing the divergence:
V. ' =V, ,(VFA" — VY AH) =V, VHAY =V, VY AF, (3)
Using the commutator identity [47,99]:
[V, VA" = R\ A%, (4)

we obtain:

V, VA" = V'V A" + RV, A, (5)

Generalising the Lorenz gauge condition [85] to include quantum-gravitational
back-reaction:

V, A" #£ 0. (6)
Employing condition @ in Eq. and substituting into Eq. yields:

V,F" =0A" — R\ A — V'V, A", (7)

where O = V,,V* is the covariant d’Alembertian operator [61]. Accordingly,
substituting Eq. into Eq. yields:

OA” = JY, + RY\ A + V'V A", (8)

quantum

In classical spacetime coordinates, the covariant d’Alembertian acting on
the potential A yields a wave-like term with curvature corrections:

OA” = g™ 0,05 A" — f"(g*?, A", 0,AN T, 0,1%sy). (9)

We define the extreme-field source as the sum of a curvature source and
a quantum source—the latter derived from the Euler-Lagrange equations

established in Remark |3| and defined in Eq. :
Jl/

extreme

=J"

quantum

+RNAMVINV AR Y (g, A 9,AN T, 9,0%,), (10)
and interpret this as an extreme-field operator £ acting on the potential A”:
JV

extreme

=EAY (11)
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Hence, from Eqgs. @, , and , we obtain:
gP0,05A" = EA”. (12)
Assuming a plane-wave form for the vector potential,
A¥(z) = € e7ilwtkx) (13)
where €” is the polarisation vector, it follows that
00 08A” = —kokgA”. (14)

Substituting Eq. into Eq. yields the modified dispersion relation in
terms of the operator-valued metric components, ensuring consistency with
the extreme-field operator from Eq. :

G kokg A = EAY. (15)

In weak fields, quantum effects vanish and curvature diminishes, recover-
ing the standard Maxwell dispersion relation [109,/147]:

2
NP 0,03A" = (—% + |k:|2> A =0, (16)
which implies R
EA” |eak fietd = 0. (17)
By contrast, extreme fields demand
éAV'extreme field 3& 0. (18>

In the extreme regime, the generalised Lorenz condition (Eq. (6)) directly
imposes the universality condition:

V1/5A14V|extreme field — [VI/7 é]AV + SA(VVAV) ?é 0. (19>

As will be established in Remark [3] promoting the metric tensor in
Eq. to the operator §*° is required to satisfy the extreme-field non-
vanishing condition through quantum corrections, and more generally
for a self-consistent formulation of quantum gravity. We therefore obtain:

§°P0,05 A" = (50,0, + §70:0;) A. (20)
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Explicitly, accounting for the Lorentzian signature, we express the temporal
term as
§%°0000 = —§" 900, (21)
and substituting this into Eq. yields:
w2
G0 0,05A" = (—g“aoao + Q"@Z&) AY = ( "+ k2" + 5ext(k:uk;“)) A”.
(22)
The extreme-field quantum-gravitational correction in Eq. (22)), denoted by
dext (K, k#), can be absorbed into the right-hand side of Eq. (12)), yielding the

following condition for non-vanishing solutions:

gttAz/ # gnAV (23>
The invertibility condition of the quantum operator [50,55}/135,(157] states:
9" g = gug"" =1L (24)

By rewriting Eq. , we obtain:

2 tt 2 A0t v w2 ~tt A Au 2 ~it v gttgu 2 2 AL AV
—ng+W| A" = ~329"99 + [k|°g" | AY = 2 + k|7 ) (6" AY).
(25)
From Eq. and the definition in Eq. , the extreme-field potential is
defined as ) ) )
AL = gAY, with grAY =AY + O A”. (26)
Inserting the definition from Eq. into Eq. yields the extreme-field

wave equation:
/\tt A~

~a v 9 Gii v
q maaﬁA = <_7wQ + |k|2) Ag. (27)

By interpreting the speed of light as a quantum operator C with inverse C -1

we obtain:
< g gzz 2 |k|2> Ag— <_CAf2w2+|k’2> A(Ié (28)
C

Thus, non-vanishing solutions require C? # w?/|k|?, satisfying Eq. (18). To
additionally satisfy the universality condition expressed in Eq. (19)), we de-
fine:



Computing the product
(I+O0) I+ 09) ™' = [(T+Oy) (140! = (I+ 0, + Oy + 0,0,)7, (31)

we define the extreme-field identity as

A

@1 + @2 + @2@1 = % (32)
This yields the inverse speed-of-light operator
L | e h 33
2 + 2 ) ( )
hence the operator reads: )
C*=c+ % (34)

Remark 1 (Positivity of the extreme-field correction). Physical consistency
requires that the metric operators defined in Eqs. and preserve
the Lorentzian signature for all physical states. This imposes the positivity
conditions:

I+ O) >0 and (I+0,) >0. (35)

Assuming O1, Oy are Hermitian with spectra bounded below by —1 and posi-
tive semi-definite covariance, Eq. implies

(T4 O) (I + Oy)) = (T4 O} (I + Oy) + Cov(Oy,O1) > 0. (36)

Using the expansion in Eq. and taking the expectation—uwith (I) = 1 and
the definition of X/c* from Eq. —Eq. yields the bound

<&> = <@1 + 62 —+ @2@1) > —1. (37)

2

Multiplying by ¢* yields the universal bound (X) > —c?, which holds for every
physical state and guarantees a real, positive extreme-field speed of light:

V(€ =+ (X) > 0. (38)
To continue the proof, we multiply Eq. by C2, obtaining
(—ézé—%ﬂ + |k:\2@2> AL = (—w? + KX + })) A% (39)
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Using the classical dispersion relation (—w? + |k|*c* = 0), the non-trivial
solution requires:

XAz = [ 9"A” + " (xA”) # 0, (40)
which is equivalent to the extreme-field condition established in Eq. :

éQéAV|extreme field — (02 + )AC)(C:‘AV|extreme field 7é 0. (41>
Satisfying the universality condition in Eq. necessitates that:
X =2"V,, (42)

for a contravariant vector field Z", distinct from the covariant derivative V¥,
thereby avoiding a contradiction between Eqs. @ and .

To support Remark [T}, and following from the quantum-gravitational non-
commutative algebra (Subsection [£.3), the contravariant vector field Z” is
interpreted as a quantum operator (Eq. ), taking the form

7" =ihad. (43)

Conditionally, x = tha 9"V, is Hermitian and possesses real eigenvalues,

provided had"V, acts as a single-action conjugation at the extreme locations

of Hermiticity—thereby rendering it anti-Hermitian on the relevant Hilbert

space under the boundary conditions established in Subsection .2 The
factor 7 subsequently ensures Hermiticity and thus real expectation values.

Remark 2 (Generalised Hermiticity conditions for x). If x deviates from
conventional Hermiticity, alternative consistency conditions apply.

1. PT-symmetric generalisation. Physical admissibility may per-
sist without strict Hermiticity provided Parity-Time (PT ) symmetry
holds [21],22,57]. Such operators exhibit a real spectrum and gener-
ate pseudo-unitary evolution, preserving essential requirements while
accommodating broader quantum-gravitational dynamics.

2. Anti-symmetric construction. Should PT symmetry also fail, one
may adopt the manifestly Hermitian combination
. tha ., 5
X anti-sym = 9 (a Vy — V,,@ ) (44)
This operator is globally Hermitian because i times the commutator of
two anti-Hermitian operators yields Hermiticity [145]. It eliminates or-

dering ambiguity, guarantees real expectation values, and fully satisfies
the non-vanishing extreme-field condition in Fq. .
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In this work, we conditionally adopt x = iha 0"V, as the Hermitian
operator at the extreme locations of Hermiticity. The antisymmetric con-
struction—a natural generalisation—is reserved for a forthcoming paper.

Having established y = ihad”V, as Hermitian, consistency requires that
had”V, be anti-Hermitian, so that the factor ¢ renders it Hermitian. How-
ever, the operator y contains only two derivatives (via 0"V,), suggesting
two possibilities. The first is an anticommutative geometry that condition-
ally endows 0"V, with anti-Hermiticity. The second interprets « as a unified
running coupling that acquires an operator character—acting as a differen-
tial generator in a generalised coordinate—so that the combination a0”V,
introduces an odd number of derivatives, thereby ensuring the odd count of
integrations by parts required for anti-Hermiticity. This allows us to define
the scalar running-coupling operator, with dimension [G/c] (Eq. (281))) up
to a constant factor ag, as

o = 0y, 0y = Q. (45)

It is evident that the second possibility requires more assumptions and com-
plexity than the first; both are investigated in Subsection under the Ex-
treme Hermitian Geometry, which ensures the conditional Hermiticity of .

This construction of the conditional Hermitian operator y further sug-
gests a natural geometric interpretation in Planck units: the product ha
yields the Planck length squared, 13, = Gh/c3, allowing the leading-order
form of y in Eq. to be written as

X ~ictly "V, (46)

where both derivatives carry dimensions of 1/L—equivalently, energy E in
natural units [6]—and their action on a test function @, taken to be a generic
non-eigenstate, yields

("V, )" = 9"9,@° + (8"I7,) " + '], 0" (47)

This generates a non-trivial curvature contribution. By Theorem [3| (Sub-
section , this contribution is bounded in the extreme limit; for a con-
servative structure, this bound must satisfy the universality condition es-
tablished in Remark [, For the pure inverse-length-squared contributions,
since lengths are by definition positive, the dimensionless quantity (Y)/c? is
therefore positive-definite:

W ~ & >0 (48)
2 L2 '
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Consequently, the expectation value of the squared operator-valued speed of
light in the black hole extreme field is

(C?) ~ ¢ (1 + %) : (49)

which naturally defines two distinct physical regimes:

e Perturbative regime: For L > [p|, the quantum correction is small,
(Y)/c* < 1, and propagation remains effectively classical, correspond-
ing to the perturbative description of the extreme field.

e Non-perturbative regime: For L. ~ [p, the correction becomes of or-
der unity, (Y)/c? ~ 1, signalling the breakdown of perturbation theory
and the onset of fully non-perturbative quantum-gravitational effects.

]

Remark 3 (Lagrangian Foundation for the Operator-Valued Speed of Light).
The operator-valued speed of light in Eq. can be motiwated from first prin-
ciples by considering the electromagnetic Lagrangian extended to the extreme-
field regime. We begin with the standard Lagrangian density for electrodynam-
ics in curved spacetime, including the corresponding extreme-field corrections:

1
E - _4_[1,0FMVFMV - JMAM ‘I— 5‘Ce$t- (50)

The generally covariant Euler—Lagrange equations [39] for the field A,, de-
rived from the action S = [ d*z\/—g L, read

v oL oL
"\ o(V,A) 0A,
Solving Ejq. using Lq. yields the modified Maxwell equations ,

which incorporate extreme-field quantum-gravitational corrections as follows:

~0. (51)

or | I(6L )
[ — __ nv
Ve (8(%%1”)) Ve ( oo 8<VHAV>> ’ (52)
oL, 0(0Lew)
oa, ~ Tt Taa, (53)
v — v a(éﬁext) a(éﬁext)
J(Iuantum = Mo [‘] aAV + vll (a(VMAV) : (54>




In extreme-field regimes, the stress—energy tensor can be derived from the
variational deriwvative of the extreme-field effective action with respect to the

metric as

2 6840
Te:ct — = matter ) (55>

v by
In conventional physical models—such as perfect fluids, scalar fields, and
electromagnetism—the solutions are functionals of the metric tensor. Con-
sequently, their quantisation inherits an explicit functional dependence on the
metric operator:

T,fgt = Ty (9] (56)
When considering the Einstein field equations [59],

G =k Ty, (57)

the left-hand side (the Einstein tensor) is a functional of the metric g, while
the right-hand side depends on the metric through the stress—energy tensor,
as in Fq. . This classical framework becomes inadequate in regimes of
extreme gravity, due to the incompatibility between the classical geometry of
spacetime and the quantum nature of matter and fields. While the semiclassi-
cal approzimation—replacing T, with its expectation value—suffices in most
astrophysical settings, a fully consistent quantum-gravitational treatment re-
quires promoting the metric tensor to a quantum operator (44]. The quantised
FEinstein field equations then act on a quantum-gravitational state |®):

Gl ®) = 1 T, |9). (58)

Consistency of Eq. thus requires promoting the metric itself to a
quantum operator. This quantisation of geometry naturally implies that both
sides of Finstein’s equations are operator-valued.

By induction, this argument justifies the promotion of the inverse metric
components to quantum operators in the extreme-field regime, as introduced
in Egs. and . Consequently, the mathematical identities (32)) ac-
quire a clear physical meaning: they encode the back-reaction of quantised
geometry on the propagation of light. The derivation of the inverse speed-
of-light operator in Eq. and the final operator expression C? =2+ X
m Fq. then follow directly, establishing that the operator-valued speed
of light emerges naturally from the quantisation of the metric in extreme
gravitational regimes.
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Motivation 2. Quantising the speed of light yields a quantised noncom-
mutative framework that simultaneously reqularises the physical singularity
problem [124)] and resolves the black hole information paradox [76]. This
is achieved via an interior version of Hawking radiation, where outward-
propagating negative-energy modes—the anti-eigen flux —provide the quantum-
geometric mechanism for unitarity and information preservation [70].

Proposition 3 (Non-singular extreme-field quantum—gravitational regular-
isation). The quantisation of the speed of light in extreme-field regimes is
expressed by the operator

C?=72+y, (59)
where x s defined in Fq. . Promoting the radial coordinate to an op-
erator 7, as permitted by Principle consequently induces a fundamental
noncommutativity [116],

7, x] # 0, (60)
which is required to be finite over the entire physical domain, including at
the classical singularity » = 0. This noncommutativity implies a quan-

tum—gravitational uncertainty relation for r and X,
Ly
Ar Ay = S[([7 )], (61)

thereby providing a quantum-geometric regularisation (see Subsection
that ensures the expectation value of the operator-valued metric tensor re-
mains finite:

lim(§,.,) < oo, Y, v (62)

r—0

Principle 1 (Extreme-field quantisation of spacetime geometry). In extreme-field
regimes, the metric tensor g,, is promoted to a quantum operator, making

the line element ds* = g, dz"dz" operator-valued. Coordinates remain clas-
sical parameters that label spacetime points, while spatial coordinates may be
treated as operators and time strictly remains a classical external parame-

ter [7,182]. Thus, quantum nature resides entirely in geometry, not coordi-
nate labels. Quantising spacetime thereby means that distances, intervals,
and causal structure fluctuate quantum mechanically, while the underlying
coordinate manifold remains classical.

Proposition 4 (Metric Quantisation). Replacing ¢ by C in the spacetime line
element promotes the metric to an operator-valued quantity, with corrections
interpretable as renormalisation terms.
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Proposition 5 (Quantum-Corrected Metric). For quantum-corrected met-
rics consistent with Finstein field equations in presence of non-vanishing
quantum energy-momentum tensor:

GAM, _ KTA{guantum)j T}fguantum) 7& 07 (63)
the general static, spherically symmetric quantum-corrected Schwarzschild
metric ansatz is [28):

2GM

rc?

2GM

1
5 dr? + r2dO2.
re

(64)

ds* = —c? <1 - + f(r)) dt* + (1 - + g(r))

Corollary 1. The functions f(r) and g(r) represent independent quantum-
gravitational corrections; the choice f(r) = g(r) restricts the equation of
state, while generically f(r) # g(r).

Proposition 6 (Quantised Schwarzschild Metric). Quantising the classical
Schwarzschild metric by mapping ¢ — C yields an operator-valued line ele-
ment; its expectation value reduces to the quantum-corrected form in Eq. .

Proof. Starting from classical Schwarzschild metric:

2G M 2GM\ ™
ds® = —c? (1 _ % ) dt* + (1 - ) dr? + r*dQ?, (65)

rc? rc2

promote the classical quantities to their operator counterparts as 1 — I,
c— Candr—r:

. . . —1
ds? = —(? (11 - QGMC‘Zf‘1> dt? + (]1 - 2GMC—2f—1) dr? + 72dQ2. (66)
Substituting Eq. and handling noncommutativity:

R R -1
d8* = — (® + X — 2GM7~ 1) dt* + (11 —2GM77ICT? = 2GM [P 1,CT%)  dr® 4 r2dQ?

—1
2GM A 2GM ¢\ !
:—cQ(H— ¢ f1+1>dt2+<11— ¢ 721(]14—&) +A> dr? + r2dQ?,
C

2 2 2 2
(67)
where the non-trivial commutator:
2GM .. A 2GM o
A=— z " Yt *C? = — = L+ 0@, 771 %), (68)
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Rewriting Eq. :

2GM \ 2GM S\
cﬁz—&@—(;f*+@)ﬁ+@—(;f*+@)<W+ﬁm?

c? c?
(69)
with quantum corrections:
A A _1
A X A 2GM o X PPN N
Qt:C_27 QT:_ 02 r ! <H+g) +O(T7T 17X)' (7())

Expectation values yield Eq. with:

Fr)=(Qe)s g(r) = (Qn). (71)

Consistency of Egs. and from Proposition , when employed in
Eq. for purely radial motion (negligible angular components, Section ,
Eq. (98)), demands the following definitions to verify extreme-field identity

Eq. (32): )
@1 + @2 + @2@1 = 1 : (72)

)

Inserting these definitions yields:

O1+ Oy + 00, = (x — B) + [-B(1 + )" + Al + [-B(1 + 2)~ + A](z — B)
=rx—B-B(l+z)'+A-B(1+x)(x—B)+Alx — B).
(74)

For & « 1, the series expansion of (1 + z)~! fails; the exact form applies:

O1+ 0y + 0,0, =2+ [-B—-B(l+z)'—=B(l+2z)"'(z— B)+A(l+z — B)].
(75)

For x < 1, the perturbative expansion is valid:
1+z)'=1l—-a+2* -2 +2*—2°+2°+ O0@"). (76)
Substituting this expansion into the definition of O, yields

A

Oy =-B(l—a+2°—2*+2* —2°+2% + A4+ O(2")
= —B+ Br — Bz® + Bx® — Br* + B2® — B2 + A+ O(z").  (77)
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Computing the product to sixth order:

0,0, = (=B + Bz — Bx?* 4+ Bx® — Ba* + B2® — B2 + A)(x — B)
= B? — Bz + Bx* — B2® + Ba* — B2® + Bax® — BxB + Bx*B — B2*B
+ Bx'B — B2°B + Ba®B + Ax — AB + O(x2"). (78)

Combining all contributions yields the perturbative expansion:
O1 + Oy + OO, = z + corrections. (79)

Both the non-perturbative result in Eq. and the perturbative ex-
pression in Eq. (79) satisfy Eq. up to residual corrections. To preserve
full consistency, counter-corrections naturally arise within the metric com-
ponents, absorbing higher-order effects in analogy with renormalisation in
quantum field theory. As a result, the metric tensor emerges as a quantum-
renormalised operator that is intrinsically free of singularities. O]

Remark 4. An initial resolution of the physical singularity will be discussed
in Subsection [4.3, in particular within Theorem [3, while a complete analysis
of the metric tensor quantisation and singularity resolution will be presented
in a forthcoming paper. In this work, we focus on demonstrating how the
non-perturbative quantisation framework establishes the initial conditions for
the emergence of the universe, and how the perturbative regime provides a
mechanism for resolving the information paradoz.

Definition 2. A quantum probabilistic metric s a metric that deviates from
classical behaviour through extreme operator-valued corrections, transforming
the deterministic classical metric into a quantum-mechanical probabilistic ob-
ject. Superposition between space and time components is allowed, conferring
upon the black hole an effective double-slit behaviour.

Theorem 1 (Preservation of black-hole interior geometry). Extreme-field
corrections, established in Proposition [0, confer their quantum probabilistic
nature to the metric, thereby allowing a non-vanishing probability that the
interior black-hole geometry is preserved. This keeps the temporal and radial
metric components stable and prevents the classical collapse or reversal of
the interior causal structure.

Proof. For quantum-corrected metric operator, Eq. , with components:

. 2GM . . 2GM L\
goo:—(ﬂ— 5 f‘1+Qt>, ém«:(ﬂ— 5 f‘1+Qr) . (80)

c C
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there exist non-trivial quantum corrections to the Lorentzian signature, i.e.,

(Goo) < 0 (temporal character preserved), (81)
(grr) >0 (spatial character preserved). (82)
provided Qt and Q,. evolve positively, as discussed in Remark . O

Proposition 7 (Quantum Escapable Horizons). Quantum probabilistic met-
rics admit quantum escapable horizons, where extreme acausal excitations
allow information to escape as anti-eigen flux.

Proof. The semiclassical Hawking radiation tunnelling probability is deter-
mined by the metric components [8}90},121},154]:

'~ exp f(<900>7 <§rr>> . (83>

By Theorem (1} the quantum-probabilistic metric preserves the interior causal
structure, enabling extreme acausal excitations of the anti-eigen flur to tun-
nel through a quantum-escapable horizon. This mechanism yields a con-
sistent quantum-gravitational channel for information escape with bounded
probability, constituting a necessary condition for unitary evolution. A full

derivation is given in Section [3] see Subsections and O

Motivation 3. A primordial black hole whose acausal field saturates the
lower boundary of non-perturbative quantisation naturally establishes the cos-
mological initial conditions. This process is driven by an intrinsic asymme-
try: the creation rate of eigen-Hawking radiation substantially exceeds that of
standard Hawking emission. The resulting negentropic flux possesses a con-
tracting area that approaches the Planck scale—forming what we term the
primordial Planckian black hole.

Theorem 2 (Primordial Planck Black Hole as a Jerk-Driven Cosmological
Seed). The primordial cosmological state is a primordial Planck black hole
occupying an extreme negentropic phase (AS < 0). This state undergoes
an extremisation phase transition mediated by a quantum-gravitational jerk
(see Subsection [{.5). This transition enforces the classical limit S > h,
thereby marking the onset of classical behaviour [60], the decoupling of grav-
ity, and the beginning of inflation—the birth of the Universe. As a direct
consequence, the gravitational and quantum couplings separate, producing an
emergent universe with asymptotically free gravitational dynamics.

Proof. A complete derivation is presented in subsections [3.3] 3.4} and [3.7] of
Section [3] as well as in Section [ O
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2 Introduction

Standard theoretical frameworks describe early-universe dynamics as gov-
erned by quantum vacuum fluctuations. When these fluctuations become
nonlinear—modelled in perturbative extreme field theory as corrections to
the classical metric arising from higher-order quantum nonlinear perturba-
tions, as established in Proposition [6}—they can seed primordial black hole
(PBH) formation [10,32}/72,/92}/112,|130,/150]. In conventional models, such
PBHs subsequently evaporate via Hawking radiation, a process that adheres
to the second law of thermodynamics (AS > 0) [38,43}70].

Extreme field theory departs from the standard picture by positing a
three-stage ‘Pre-Being’ epoch, characterised by a reversed causal flow.

Event 1 involves the initial Pre-Being Fluctuations (PBFs)—causal ex-
citations obeying special relativity [54](see Subsection [3.1]).

Event 2 is the subsequent formation of primordial black holes (PBHs),
whose fields exhibit acausal, perturbative excitations, described by a per-
turbed speed of light (see Subsection [3.2)):

=Vt (84)

Conventionally, the sequence of the Pre-Being events is assumed to be

Event 1 (PBFs) 4% Event 2 (PBHs). (85)

However, this ordering gives rise to a Pre-Being Paradox: PBFs require
spacetime, yet spacetime had not yet emerged. Our resolution—that acausal
excitations inside PBHs arise due to the quantisation of the speed of light—
addresses this paradox through non-causal ordering. Specifically, if a causal
event generates a superluminal one, the latter may occur first. Consequently,
the cosmological sequence is reversed: primordial black holes emerge first,
notably as strongly entangled pairs [104], thereby establishing the spacetime
arena necessary for the precursor propagation of pre-being fluctuations [153].

preceded

Event 1 (PBFs) «—— Event 2 (PBHs). (86)

Event 3 is a maximally entangled primordial black hole whose acausal
field configuration saturates the lower non-perturbative quantisation bound-
ary (see Subsections and , departing from the perturbative physics of
Event 2 and governed by the non-perturbative speed-of-light operator:

C=+ve+x. (87)
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This intrinsically non-perturbative primordial black hole—embedded within
the nonlinear (non-Gaussian) primordial fluctuation model—represents the
extreme limit of such nonlinearity. Its core must substantially deviate from
translational symmetry, thereby intrinsically exhibiting dynamics that gener-
ate a negentropic flur accompanied by area contraction, violating the Hawk-
ing area theorem [1},75]. These dynamics culminate at the Planck scale in the
formation of the Primordial Planck Black Hole (PPBH) [30|, which repre-
sents the upper limit of non-perturbative quantisation. At this extremisation
threshold, the Planckian black hole undergoes an irreversible jerk (recoil),
constituting the proposed seed of the universe (see Section .

The remainder of this paper develops the theoretical machinery under-
lying this three-stage Pre-Being scenario. Section [3| develops the theoretical
framework for deriving Hawking radiation tunnelling probabilities, distin-
guishing three regimes: classical pre-being fluctuations (Event 1, Subsec-
tion , the perturbative framework for primordial black holes that ad-
dresses the information paradox via extreme-field symmetry (Event 2, Sub-
section , and the non-perturbative framework that departs from this sym-
metry (Event 3, Subsection , alongside a general interpretation of time
in Subsection [3.4 Within this structure, we interpret the anti-eigen flux as a
negative-energy solution (Subsection , introduce an extreme-field eigen-
intrinsic asymmetry parameter to account for matter—antimatter asymme-
try—favouring the tunnelling of the anti-eigen flux as antimatter while con-
fining eigen-Hawking radiation as matter (Subsection —and examine the
negentropic evolution of non-perturbative primordial black holes toward the
Planckian extremisation threshold (Subsection [3.7).

Section [4] focuses entirely on the non-perturbative framework describing
the origin of the universe. It begins by examining the cosmological initial
asymmetries (Subsection , the conditional Hermiticity of the quantum-
gravitational conjugate and its associated boundary conditions (Subsection,
and the extreme-field algebra together with its implications for singularity
resolution (Subsectionl.3). After presenting the extreme-field equation (Sub-
section , we examine the quantum-gravitational jerking of the primordial
Planck black hole as the natural mechanism for the birth of the universe,
where quantum-gravitational effects decouple (Subsection . We then
present numerical values for the constants of creation (Subsection and
propose an asymptotically free gravitational universe, in which these con-
stants are enhanced inversely by the attenuated unified coupling—offering a
potential resolution to the cosmological constant problem (Subsection .
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3 Theory

The intrinsic spacetime asymmetry

@ Observer at infinity === Standard Hawking radiation === Anti-sigen flux
- [NF-PEH
[ Hypothetical sphere

w Horizon diameter 2ry Negativ

—— Scaled

Figure 1: Intrinsic spacetime asymmetry. Two spheres of equal volume share
a common tangent orthogonal to their aligned horizons: a black sphere rep-
resenting the non-perturbative primordial black hole (NP-PBH), governed
by extreme field theory; and a blue sphere representing the hypothetical
sphere of the pre-being epoch, governed by general relativity. At a distance
d outside the right horizon (on the blue sphere), standard Hawking radiation
(green) escapes outward, while negative-Hawking flux (orange) fall toward
the NP-PBH centre. Translating this configuration by the horizon diame-
ter 27, places the same distance ¢ inside the left horizon of the NP-PBH.
There, eigen-Hawking radiation (red) flows inward toward the centre, while
anti-eigen flux (thick purple) tunnels outward to the left. The thicker purple
beam symbolises the enhanced tunnelling probability of anti-eigen flux in the
non-perturbative regime compared to classical Hawking radiation, revealing
the fundamental asymmetry.

Extreme field theory posits that, within the extreme gravitational fields of
a black hole, the speed of light emerges as a quantum-gravitational operator
whose expectation value can exceed its classical value—thereby challenging
the second postulate of special relativity regarding the universal constancy
of the speed of light [54]. Excitations within these fields become acausal, and
extreme-field corrections emerge from Proposition [ This structure gives
rise to a quantum-gravitational, probabilistic field that, with non-vanishing
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probability, preserves the causal structure of the metric tensor: the time
coordinate remains timelike while the radial coordinate remains spacelike,
thus preventing the conventional sign flip inside the horizon [62,/110].

This causal invariance enables eigen-Hawking radiation to seed the black
hole core while the anti-eigen flux tunnels outward. To a distant observer,
the flux appears as backward-in-time particles due to its inwardly increas-
ing radial flow, whereas forward-in-time Hawking radiation flows toward the
singularity in a radially decreasing flux.

A necessary condition for unitarity preservation is satisfied if the tun-
nelling probabilities of the outer standard Hawking radiation (SHR) and the
inner anti-eigen flux are symmetric. Within this framework, information
propagates quantum-gravitationally as an acausal anti-eigen flux through a
quantum-escapable horizon, which need not coincide with the classical event
horizon. This model applies to both contemporary and primordial black
holes under the perturbative quantisation of the speed of light.

The formation of a Planck-scale black hole (a Primordial Planck Black
Hole) necessitates that the core field of its progenitor saturate the lower
boundary of the non-perturbative quantisation of the speed of light. This
saturation enforces an intrinsic spacetime asymmetry, profoundly differen-
tiating the creation rates of eigen-Hawking radiation (EHR) and standard
Hawking radiation (SHR), with EHR overwhelmingly exceeding SHR, as for-
malised in Theorem [2l This intrinsic spacetime asymmetry is rooted in the
unique features of non-perturbative quantisation. The process drives the
primordial black hole towards a highly ordered, negentropic Planckian state,
triggering cosmic genesis from an inherently asymmetric origin [9,45,64.[71].

The intrinsic spacetime asymmetry is further elucidated by the thought
experiment depicted in Fig. [l Consider a hypothetical sphere, equal in vol-
ume to the non-perturbative primordial black hole (NP-PBH), positioned
just outside its horizon. In this region, spacetime is a continuous mani-
fold well described by general relativity [55,56], where the sphere and the
NP-PBH are connected at two points by a common tangent orthogonal to
their aligned horizons. At an infinitesimal distance § outside the horizon,
Pre-Being fluctuations allow Hawking radiation to escape outward toward
the sphere’s centre, while negative-energy particles fall into the NP-PBH’s
core. Translating this sphere to coincide with the NP-PBH reveals a different
regime: inside, spacetime is quantised and governed by extreme-field physics.
At the same infinitesimal distance d inside the horizon, extreme fluctuations
enable positive-energy eigen-Hawking radiation to flow—in the same direc-
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tional sense as standard Hawking radiation—toward the singularity, while
negative-energy particles move away from it. Here, the negative-energy anti-
eigen flux represents tunnelled particles, while the positive-energy EHR seeds
the NP-PBH. Spacetime asymmetry emerges if extreme-field physics permits
a significantly higher creation rate for inner EHR compared to outer SHR.
This disparity produces a negentropic singular state, where all primordial
microstates diminish via the outward anti-eigen flux, leaving the NP-PBH
in a state of extreme negentropy. Such order surpasses even that of zero
entropy, representing a highly destabilised Planckian threshold that necessi-
tates an extreme phase transition to macroscopic scales—the hypothesised
mechanism of cosmic genesis.

To elucidate the intrinsic spacetime asymmetry, it is instructive to exam-
ine the classical mechanism underlying Hawking radiation. In the vicinity of
a black-hole event horizon, particle-antiparticle pairs spontaneously materi-
alise from the vacuum. Under the intense gravitational field near the horizon,
one particle may be captured while its partner escapes to infinity [151]. Em-
ploying the semiclassical WKB approximation [31,95,121}/161], the tunnelling
probability for the escaping particle is given by

2JmS)

(88)

Fwexp(— 5

The expression highlights the tunnelling rate’s exponential sensitivity to the
imaginary part of the particle’s classical action. Within the WKB framework,
this imaginary component corresponds to the imaginary contribution arising
from the radial integral of the particle’s momentum, p,, as it propagates in
the curved black hole spacetime [154]:

Jm S = ﬁm/ prdr. (89)

Here, the integration limits span from a point just inside the horizon, r, =
rs—€ (where ry, < 75), to a point just outside, roy = 75+ € (Where 7oy > 75),
with ry = 2GM/c? denoting the Schwarzschild radius.

In general relativity [55,56], the motion of a particle in curved spacetime
is governed by the geodesic equation. For a spherically symmetric spacetime,
the line element may be expressed as

ds?® = guc2dt® + g.,.dr? + r2dQ2, (90)
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where g4 and g, depend only on the radial coordinate r, and dQ2? denotes
the metric on the unit 2-sphere. In the Schwarzschild solution [146|, which
represents the unique static, spherically symmetric vacuum solution to Ein-
stein’s field equations [55}[56], both the energy—momentum tensor and the
Einstein tensor vanish identically, 7, = 0 and G, = 0. The non-trivial
metric components are therefore

. (1 B 2GM) | o

rc?
2GM\ !
Grr = (1 — == > . (92)

The four-momentum of a particle, fundamental in both special and general
relativity, is defined by [110]

dx,
m Y
dr
where m is the rest mass, u, the covariant four-velocity, and 7 the proper

time. The temporal component, associated with the conserved energy in a
stationary spacetime, is given by

(93)

Dp = mu, =

Pt = —Miy. (94)
Since I
p_ 4 95
and the metric is time-independent, the conserved energy F is
dt
E = —pic = —gumc®—. (96)
dr

Similarly, the radial momentum is

dr
Pr = mu, = mgrr%- (97)

Assuming the angular components of the four-velocity, d¢/dr and df/dr,
vanish or are negligible, the motion can be treated as purely radial. Then
the normalisation condition for a timelike worldline, u*u, = —c* [110], gives

dt\? dr\?
gttc2 (E) + Grr (é) = —02. (98)
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Using Eq. , we can express
¢ B

B 99
dr  —ggmc? (99)
Substituting into (98) yields
E 2 dr\?
N ——) 4o () == 100
guC (_gtthQ) +9g (dT) ¢, (100)

which simplifies to

-1/ E\’ dr\? 9
— | —) =g, — ] =c. 101
it (mc) g (dr) ¢ ( )

Multiplying Eq. (101)) by m?g,, and using the definition of p, from Eq. (97),

we obtain
2 E2 2.2
pT‘ —= gT?" W — m C . (102)

We now impose two physically motivated conditions. First, we consider
the high-energy regime,
E > mc?, (103)
and second, we assume a spherically symmetric, non-rotating black hole de-
scribed by the Schwarzschild solution. In this case,

1
g =— = —gyu. 104
- t (104)
Applying (103)) and ((104)) to Eq. (102]) and taking the positive root, we obtain
E
b~ . (105)
—gucC

Substituting (105]) into Eq. and inserting the explicit form of g, from (91,
we obtain

- E - Tout 1
Jm S = = Jm/ﬁn W dr. (106)
The integrand exhibits a simple pole at r = r, = 2(52M . To evaluate the

integral, the contour is deformed into the complex r-plane according to the
standard tunnelling prescription (equivalent to the Feynman ie rule), whereby
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the integration path is deformed only minimally to avoid the pole rather
than encircling it completely. Consequently, a semicircular e deformation of
the real-axis pole yields a half-residue contribution, giving 7 instead of 2.
Expanding near the pole gives

T = (107
and thus the residue at the pole is r, = 2GM/c*. Hence,
Jm / 1 _dgcy = iny . (108)
Substituting into , we obtain
m§ =2 ar, = TEME (109)
c c

Each member of the Hawking pair contributes a semicircular (7) imagi-
nary part upon crossing the horizon pole; taken together, the pair yields an

overall factor 27.
ArGME

3
Inserting Eq.(110) into the WKB formula yields the tunnelling proba-
bility for the standard Hawking radiation (SHR)

Jm Stotal = (110)

(111)

( SWGME)
Pspur ~exp| —————— | -

he3

Eq. represents the standard semi-classical tunnelling probability in the
fixed-background approximation, i.e. when the black-hole mass is treated as
constant during the emission process.

A complete treatment must strictly enforce energy conservation: emission
of a quantum of energy E reduces the black-hole mass from M to M — E/c%.
This back-reaction modifies the horizon radius entering the radial momentum
pr, consequently altering the imaginary part of the action. Evaluating the
contour integral with the corrected horizon, r; = 2G(M — E/c?)/c?, yields
the corrected tunnelling probability for standard Hawking radiation [121]:

8TGE (M E >] _ eXp[—SwGEA‘]. (112)

BR
Lsir ~ exp[— he3 22 he3

23



In Eq.(112)) we introduced the quantity A~ = M — E/(2¢*), where the term
E/(2¢?) is the leading back-reaction correction. In the limit F < M¢c? this
term is negligible, and Eq. is recovered; when E becomes comparable to
M¢c? the correction makes the spectrum slightly non-thermal, reflecting the
fact that the black hole shrinks as it radiates.

We now derive the analogous tunnelling probability for the acausal excita-
tion emerging from the black-hole interior, which we term the anti-eigen flux.
A physically meaningful tunnelling description for this flux from within the
black hole is possible only if the excitation preserves the causal structure of
the metric tensor: i.e., the temporal component remains negative (the time
coordinate stays timelike) and the radial component remains positive (the
radial coordinate stays spacelike), as established in Theorem . Assuming
the Schwarzschild form of the metric remains valid, with quantum-corrected
components still satisfying Eq. , it suffices to examine the conservative
structure of the temporal metric component, denoted jy.

In the classical Schwarzschild geometry, the temporal metric component
outside the event horizon is negative (timelike) and can be written as

,
gtt:_< ——f(2)>, (113)
c
where f(r) is a function of the radial coordinate. The horizon ry, is defined
by the condition f(ry,) = ¢*. Consequently,

= ]-7 T =Th,

f(r)

6_2 <1, r>nmry, (114)
>1, r <.

Eq. shows that inside the horizon (r < rj) the quantity 1 — f(r)/c?
becomes negative, so g, turns positive. In the standard interpretation, this
sign flip renders the coordinate ¢ spacelike and r timelike, forcing all future-
directed causal trajectories toward decreasing r (i.e., toward the singularity).
In a purely classical picture, the notion of a particle tunnelling outward from
inside the horizon is physically meaningless, as no timelike or null worldline
connects the interior to the exterior. Consequently, any semiclassical tun-
nelling analysis must either modify the causal structure near the horizon or
invoke a quantum-gravitational resolution of the coordinate singularity.
Extreme field theory alters the causal structure of black hole interiors
through its central postulate: the black hole interior can support acausal
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excitations characterised by a quantised speed of light. This speed emerges
as a quantum-gravitational operator, with both a perturbative representation
(Eq. (84)) and a unique non-perturbative form (Eq. (87)). We denote the
non-perturbative operator as x, which encodes the full quantum-gravitational
corrections and reduces to the perturbative form v in the appropriate limit.

This framework requires the invertibility of the quantised speed-of-light
operator as a key property for a well-defined quantum-gravitational operator
algebra and for ensuring the mathematical consistency of the underlying field
theory. This invertibility condition reads

~

CCt=C=1 (115)

Without loss of generality, the quantised metric j;w within the extreme field

theory can be formulated as a quantum operator acting on the extreme-field
d:
2@ = [dt*C? jy + dx* ju.] @, (116)

where the speed of light is promoted into its quantum operator version and

its inverse. By utilising Eqs. and (115]), we can rewrite Eq. (116) as:

(117)
= [—dt?(C? — ((r)C*C2) + dx?}4e)® (118)
(119)
(120)

Therefore, in the semiclassical picture, the normalised temporal component
of the quantised metric is obtained by taking the expectation value:

(C%u) = — (" +x —<(r), (121)
where the expectation value for the quantum operator y is:
(xX) =x. (122)

Consistency with Remark [I]and Theorem [[—which establish a non-vanishing
probability for a conservative structure of the quantised metric when cor-
rected with extreme-field conservative corrections, strictly in the non-perturbative
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regime—implies that the expectation value of the normalised temporal com-
ponent of the quantised metric (Eq. (121])) must be negative in the black-hole
interior:

(C%,) < 0. (123)

If Eq. (123) is satisfied, thereby realising a conservative structure, then
Eq. (121)) yields the following extreme-field conservative inequality:

X > ((r) = (124)

Comparing the normalised temporal components of the classical metric—
Eq. multiplied by ¢>—and its quantised counterpart in Eq. , we
first write the classical expression at a point a distance d outside the horizon,
r =17y + 0, where a virtual pair is created:

Fgw=— (= f(ra +9)). (125)

In the thought-experiment, we consider the pair-creation process at a distance
0 inside the horizon, » = r, — . The normalised temporal component of the
quantised metric at this interior point incorporates the quantum corrections
from Propositions || and @ which satisfy the operator identity . With
these corrections, the expectation value becomes

(CPhu)y = —c(1+ 2‘—2 - C(Thc—zd) +7). (126)
Eq. incorporates extreme-field corrections via the speed of light correc-
tion x, the renormalisation term Y, and the radial function ((r). It yields
negativity of the renormalised temporal component when the conservative
conditions in Egs. and hold. This negativity is necessary for a
tunnelling description of interior excitations.

Building upon Eq. , we formulate the acausal counterpart of Eq.
within the extreme-field regime. Using the linearity of the expectation, E[X +
Y] = E[X] + E[Y], and treating 7 as a classical parameter, we obtain the

analogous relation:
on o (dEND . (dr)? ;
2% “b . ar _ 2

Applying Jensen’s inequality [87], which asserts that for any positive oper-
ator the reciprocal of its expectation value does not exceed the expectation
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value of its reciprocal, and adopting the emergent quantum corrections trun-
cated at a physical cut-off as proposed in Propositions [] and [6] the quan-
tised radial component may be approximately decomposed into a classical
and an extreme contribution, (jM> ~ ¢ + €. Furthermore, upon employ-
ing Eq. to truncate higher-order quantum effects—thereby recovering

Eq. (125) up to the leading term y—Eq. (127]) reduces to

dt \’ dr\?
[9::¢® — X] (E) + [9rr + €rr] (5) = —x. (128)

This yields the conventional invariant causal term as given by Eq. :

dt\> dr\”
G (%) + Grr (é) =—c. (129)

The analogue of Eq. ((129)) for the acausal term x is obtained by transforming
the temporal and radial coordinates, ¢t and 7, to new coordinates t and v. This

transformation is mediated by the quantum-gravitational temporal compo-

or
ot

dt\? de\?
Ny X (E) + N, (E) ==X (130)

Building on the preceding analysis, the tunnelling probability for the anti-eigen
flux (AEF) is derived from Eq. , with all operators expressed through
their expectation values. In general, the expectation value can be decom-
posed as

nent ny; and the radial component n,.,. = e, ( )2, yielding the corresponding

expression:

—(C? ju) = (C*)(—ju) + Cov(C®, —ju), (131)
where Cov(é2, —jtt) captures the quantum correlations. Using this decompo-

sition, the expectation value of the radial momentum operator in the extreme-
field regime can be expressed as

(pr) = \/m2<§'w>2 (Z—:)Q. (132)

Accordingly, starting from Eq. (127) and following the procedure developed
in Egs. 7, we obtain the corresponding expression for the radial

momentum expectation value in the extreme-field regime as

A — <.}.TT’> E2 . 133
) \/<62><_jtt> + COV<CAQ> —jtt) 159
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For notational convenience, and building upon Proposition [2] and Re-
mark [T} we define

€ =c,, Ce > c. (134)

The expectation value of the quantised temporal component, derived from

Eq. (126)), reads
2GM

2
rcs

(Ju) = —<1 - + T), (135)

and, by invoking Jensen’s inequality [87],

L <§> (136)

in order to satisfy the Schwarzschild restriction condition from Eq. (104)), it
follows directly that the expectation value of the quantised radial component
is bounded from below as

<5rr>=< 1 >z : (137)

—Ju (—Ju)
Utilising Eq. (137)) in Eq. (133)), with the perturbative definition of the speed
of light ¢,, and focusing on the weakly coupled regime where the covariance

term can be consistently neglected, Eq. (133 simplifies to a form directly
analogous to the classical radial momentum in Eq. (105)), namely

By v — 2 = (138)
(i/iez) (Tl

—
>
NS

In the general, non-perturbative case, however, the covariance term does not
vanish and can become significant. Accordingly, the expectation value of the
radial momentum operator is more accurately expressed as

br) = L — a3

~ oV g _A,“ 5 _A‘* Cx
(e i frgay

(&)

Here, Eq. utilises Eq. , where, upon squaring, the covariance term
is included within the quantum correction T, thereby providing a more com-
plete definition of the temporal component operator of the Schwarzschild
metric in the extreme-field, non-perturbative regime, denoted as j;

28



Applying the procedure of Egs. (88)—(111) and the results of Eqs. (133)-
(139), the imaginary part of the expectation value of the action operator

for anti-eigen flux reduces, in the semiclassical approximation, to the radial
integral of the expectation value of the radial momentum. By linearity of
the expectation value under integration over r, this is expressed as

N . N Tout R - Tout . E - Tout ]_
Jm<S>:Jm</T' prdr>:Jm/ﬁn <p7«>d7‘:aJm | (1—QGM—|—T) dr.

in Tin rcz

(140)

The integrand possesses a simple pole at the quantum-corrected horizon [133]

. 2GM

Per Proposition [0}, extreme-field corrections may be radially dependent, i.e.
T = Y(r). The denominator in Eq. (140) is then

2GM

D(r)=1+7(r) — . 142
) =1+T0) - 2% (142)

The pole ry = r} follows from D(ry) = 0, which via Eq. (141)) reads

2GM
(1+ Y (ro))ro = e (143)
A first-order Taylor expansion of D(r) around rq yields

D(r) = D'(ro)(r — 19) + O((r — 10)?). (144)

Hence, in the vicinity of the pole, the denominator exhibits the linear be-
haviour

D(r) =~ D'(ro)(r — ro). (145)
The residue of the integrand J(r) = 1/D(r) at the pole ry is therefore
1 2GM7™
ReSro J(T) = D/(,’,,O) = |:T/(T0) —|— ?71(2]:| . (146)

To encode the contribution of the radial derivative of the correction to the
residue at the pole ry = r¥, we introduce the compact notation ¢ and define

A2

2GM

o=1+ T'(rY). (147)
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Using Eq. (141]), the residue in Eq. (146|) for the integrand in Eq. (140)) yields

the semicircular contour contribution

2GM
/ J(r)dr = mi Res, J(r) = mi 1 ¢ (148)
C1/2

2(1+7)%0

Including the conjugate contour contribution from the eigen-Hawking coun-
terpart, which yields an identical term, the contour integral evaluates to

. 2GM
f J(T) d’f‘ = 211 m (149)

This fully determines the total imaginary contribution to the action in Eq. (140)),

given by
ArtGME

A1+7)%
Accounting for the back-reaction of the positive-energy eigen-Hawking coun-
terpart, all correction terms arising from the back-reaction integral |121] are
fully absorbed into the extreme-field corrections T and p, thereby preserving
exact consistency between Egs. , and their classical counterparts
, . Hence, the corrected tunnelling probability for the anti-eigen

flux becomes

Jm <gtotal> = (150)

8rGE ( E>y_%4—&GEA+]

'BR [_— = =
ABF ™ EXP he2(1+71)2%p 2¢2 he2 (14 1)%p

(151)
It is worth noting that, in the limit x — 0, the speed of light recovers its
constancy, ¢, — ¢ (Eq. ) In this classical limit, the quantum correc-
tions and their derivatives vanish (Y, T’ — 0), so ¢ — 1 (Proposition @;
moreover, the energy term becomes negative, F — —F, implying At — A~
(Subsection . Hence, the tunnelling probability of the anti-eigen flux in
Eq. reduces to that of standard Hawking radiation in Eq. (112)):

i 38 = e (04 )] = on] 7CE (- £ )] v

S22
(152)
Thus, in the classical limit, the extreme-field degrees of freedom vanish, and
the modified expression consistently reduces to the standard Hawking tun-
nelling probability—confirming the physical validity of the framework.
Based on these results, three primary scenarios emerge that could describe
the primordial universe; these will be detailed in the subsequent subsections.

he2(1+71)2%p he?

2
2cz
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3.1 Scenario 1: The Classical Framework of Pre-Being
Fluctuations

During the Pre-Being Fluctuations epoch (PBFE) the fluctuations obey the
classical framework of special relativity, characterised by the vanishing of the
quantised operator x (i.e. x = 0). This means the fluctuations adhere to the
established laws of classical physics. In this case, taking ((r, —39) = f(r,—9)
and using Eq. for r < rp, the normalised temporal component of the
jerking metric, Eq. , becomes positive:

(C%) = — (= C(rn — 0)) = — c2<1 . W) > 0. (153)
Hence, no fluctuation can tunnel outward; all remain trapped within the pri-
mordial black holes — precisely as the classical picture dictates. A strictly
causal framework that respects translational symmetry—in which symmetric
fluctuations follow a purely linear distribution—Ilacks the necessary nonlin-
earities and couplings to support black-hole formation. Furthermore, the
pre-being paradox precludes the first-principle existence of such fluctuations.
Consequently, this scenario cannot satisfy the conditions required for the
emergence of a universe and remains fundamentally unresolved.

3.2 Scenario 2: Perturbative Framework of Primordial
Black Holes

Primordial black hole formation is interpreted within the perturbative frame-
work as arising from extreme-field nonlinear fluctuations in the pre-being
epoch. This nonlinearity stems from a perturbatively quantised metric (Propo-
sition [6] Egs. (76)—(79)), wherein recursive operator-level coupling generates
a nonlinear back-reaction among metric components—a result formalised fur-
ther in Theorem [3| (Eqgs. (258)—(270))). At its core, this behaviour originates
from the perturbed speed of light in acausal extreme field, promoted to a
quantum operator in Proposition |1{ and defined in Eq. , where v satisfies

¢ 26, v 2 0. (154)

Consequently, the temporal component of the metric in the extreme-field re-
gion near the inner horizon, g%, retains its timelike character. Under this per-
turbative regime—where ¢, &~ ¢, marks the perturbative limit of Eq. (134),
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the quantum corrections reduce perturbatively to T = T, and ¢ = g,, and
the covariance term in Eq. (131)) is negligible—Eq. (135)) therefore reads

2GM

2
TCp

&= (1 - + Tp) <0. (155)
Eq. (155) therefore signals acausal excitations—the anti-eigen flux—capable
of tunnelling through a perturbatively quantum-corrected horizon:

2GM

= —0—.
0120(1 +Tp)

(156)

Equality between the tunnelling probabilities for standard Hawking radia-

tion, Eq. (112), and for the anti-eigen flux, Eq. (151)), holds precisely when a

perturbative, extreme-field equality is satisfied. This symmetry condition is
AT A~ BR BR

AT, & = D'xgr = I'spr- (157)

This symmetric tunnelling pattern, given by Eq. , establishes a dy-
namical balance that governs both primordial and present-day astrophysi-
cal black holes. It reveals a symmetric correlation between two non-local
points—outside and inside the horizon [140]. This symmetry ensures equal
tunnelling probabilities for Hawking radiation and anti-eigen flux, thereby
regulating information exchange across the horizon through precise symme-
try rather than irreversible loss.

This behaviour is thus visualised as a non-classical respiratory process:
negative-energy Hawking flux falls inward, while anti-eigen flux tunnels out-
ward with equal probability. The black hole accordingly 'breathes’—inhaling
positive-energy eigen-Hawking radiation and exhaling positive-energy stan-
dard Hawking radiation—in a balanced exchange that persists without com-
plete evaporation. Black holes are therefore not perfect information sinks;
they conserve entropy [142] and release information as anti-eigen flux through
their perturbatively quantum-corrected horizon.

This intuitive picture motivates the following proposition: global purity
of the total quantum state, together with reproduction of the Page curve,
resolves the black hole information-loss paradox [4},/107].

Proposition 8 (Global Purity and Page-Curve Reproduction). Consider a
black hole and its associated radiation as a closed quantum system, initially
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prepared in a pure state |Wo). Within the perturbative extreme-field regime,
the symmetric tunnelling correlations encoded in Eq. ensure that the to-
tal system—comprising the black-hole interior B, the radiation sector R, and
the anti-eigen flux F'—evolves unitarily. These correlations induce pairwise
entanglement between exterior radiation modes and interior anti-eigen exci-
tations, allowing a Schmidt decomposition of the total quantum state [117]:

W) = Z Ci |i>R ® |i>B+F? (158)

7

which is manifestly pure. The corresponding density matriz puoga = |V) (V|
satisfies p2 ... = Protal, establishing the vanishing global von Neumann entropy
Stotal = _Tr(ptotal In ptotal) = 0; (159>

in accordance with [156]. This global purity holds regardless of whether
the black hole evaporates; any apparent mixedness of the radiation arises
solely from tracing over inaccessible interior and anti-eigen degrees of free-
dom [108,122]. In particular, although individual outgoing radiation modes
may appear locally mized and thermal [65], this reflects only partial tracing,
not a fundamental loss of information [1435).

For the radiation subsystem R, the entanglement entropy follows the Page
curve: it rises initially as correlations build, peaks near the Page time, and
decreases as correlations are transferred outward, providing a clear dynamical
signature of unitary evolution [119,120,154]. Within the perturbative frame-
work, this behaviour emerges once the exact symmetric tunnelling probabili-
ties in Fq. are perturbed to near symmetry. Concretely, the perturbative
quantum corrections induce a controlled deviation from exact tunnelling sym-

metry, expressed as
A+
T, = QEIPSF—1+57 (160)

where p = ¢/c,, and & quantifies the residual departure from exact symmetry.
This deviation reflects the intrinsically probabilistic character of extreme-field
perturbations (see Proposition @ Consequently, from Egs. and ,
for sufficiently small § the perturbations remain nearly classical, and standard
Hawking radiation dominates at early times; for larger &, the perturbative
effects become more pronounced, and the anti-eigen flux grows significant
after the Page time. This complementary interplay between the two flures
naturally reproduces the characteristic Page curve.
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However, the theory offers a more coherent picture through its pertur-
bative extreme-field equality, wherein information is recovered continuously
via the anti-eigen flux, rather than only after the Page time or at the end of
evaporation. In this picture, the Page curve remains meaningful but should be
interpreted as a signature of continuous information recovery. This ensures
unitarity at all times, preserves global purity (Siotar = 0), and further sug-
gests that black holes may persist as stable reservoirs of information rather
than fully evaporating.

Before addressing the non-perturbative regime, it is useful to examine
the perturbative framework through the observational lens of quasi-normal
modes (QNMs). These modes characterise the ringdown stage of gravita-
tional wave signals, enabling accurate determination of black hole masses
and spins, and offering novel avenues for testing general relativity [25].

Quasi-normal modes are the discrete, damped oscillations that charac-
terise the linear response of a black hole spacetime to perturbations. They
are independent of the excitation mechanism and determined solely by the
black hole’s macroscopic parameters (mass, charge, and angular momentum)
together with the boundary conditions imposed at the horizon and asymp-
totic infinity—making them sensitive probes of possible deviations from clas-
sical geometry [93]. For a Schwarzschild black hole, after separating angular
variables and introducing the tortoise coordinate r, = r+2M In(r/2M — 1),
the radial component of a perturbation outside the event horizon satisfies
the wave equation

(-5 + 1)) ) = ), (161)
(—aa—rz + Vg(?“)) Ye(r) = wi Pe(r). (162)

The effective potential for axial perturbations (Regge—Wheeler) is given by

v = (1- 20 (A2, (163)

r 72 73

where ¢ is the spherical harmonic index, n the overtone number (n = 0
denotes the fundamental mode), and ¢ = 1 — s? labels the perturbation
type, with spin weight s = 0 (scalar), s = 1 (electromagnetic), and s = 2
(gravitational), yielding o = 1,0, —3 respectively [42,93].
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Subject to boundary conditions of purely ingoing waves at the event hori-
zon and purely outgoing waves at spatial infinity, the frequency spectrum
becomes discrete and complex, w = wr — iwy, where wr determines the os-
cillation frequency and w; > 0 encodes the damping rate due to energy loss
through gravitational radiation [25,93].

In recent years, significant advances have been made in computing QNMs
for non-standard geometries. Of particular relevance to the present work is
the spectral method developed by Batic, Dutykh and collaborators, which
reformulates the perturbation equations as an eigenvalue problem over a
compact domain using Chebyshev polynomials [14,/15]. This approach yields
high-precision spectra and has been successfully applied to noncommutative
geometry-inspired black holes [15,17], wormholes [14}/18], and Lee-Wick black
holes |19]. These studies demonstrate remarkable stability for non-extremal
and extremal configurations [15], reveal the emergence of purely imaginary
modes in near-extremal regimes |19], and establish that QNMs converge to
classical Schwarzschild values for large mass parameters [17]. The framework
has also been extended to analyse instabilities in phantom wormholes |16],
providing a comprehensive toolkit for probing quantum-gravitational correc-
tions via gravitational wave spectroscopy.

Recent reviews by Berti et al. [26] and Destounis & Duque [51] provide
a comprehensive overview of black hole spectroscopy and its observational
context in light of current and future gravitational wave detectors. These
works examine the interplay between theoretical QNM spectra and gravi-
tational wave measurements, offering essential background for the potential
observational signatures of Extreme Field Theory discussed below.

The relevance to extreme field theory is twofold. First, dirty black hole
models |17] parallel our operator-valued metric and quantised speed of light
through their noncommutative, singularity-regularising structure. Second,
astrophysical black holes in our framework occupy the perturbative regime,
where symmetric tunnelling and global purity hold (Proposition . These
systems thereby offer direct observational tests via quasi-normal modes—a
connection we now formalise.

Proposition 9 (QNM imprints of extreme-field perturbations). Perturba-
tive extreme field theory imparts new internal degrees of freedom to the met-
ric—arising from microscopic geometric quantities elevated to quantum oper-
ators—permitting internal acausal excitations, the anti-eigen flux, to tunnel
outward. Consequently, the black hole’s microscopic quantum structure leaves
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a distinct imprint on its quasi-normal mode spectrum.

While QNMs are classically determined solely by the black hole’s macro-
scopic hair (M, @Q, and J), the perturbed anti-eigen flux introduces subtle
corrections to the dissipative dynamics. These corrections arise from three
sources: the perturbed speed-of-light component v, the extreme-field pertur-
bative corrections Y, and the interior back-reaction AT. Collectively, they
modify the effective potential governing spacetime perturbations—modifications
that emerge intrinsically from perturbations in the metric tensor.

These metric perturbations are obtained by starting from a spherically
symmetric Schwarzschild black hole, whose classical line element is

ds* = gf dotde” = —e"dt? + dr® + 1 (d0 + sin® 0d¢®).  (164)
Classical linear perturbations then take the standard form
G = Gy + Py (165)

In the extreme-field regime, the metric acquires an additional correction of
the form
9o = G+ s + €, (166)

where e, encodes interior perturbative excitations arising from the extreme
field and depends on v, T,, and A*.

This leads to a concrete observational prediction: the damping factors
(imaginary parts) of the QNM frequencies receive small corrections,

S(wr) =€ f(v, T, AT) + O(€%), (167)

where € K 1 denotes the perturbative scale, and f encodes the dependence on
the extreme-field parameters v, T,, and A*.

Such modifications fall within reach of high-precision gravitational wave
spectroscopy using current and next-generation observatories—LIGO, Virgo,
KAGRA, the FEinstein Telescope, and LISA. The spectral methods developed
by Batic, Dutykh and collaborators [14,/15,17] enable precise quantification of
these deviations, establishing a direct link between the theoretical predictions
of Extreme Field Theory and future observational data.

Incorporating the extreme-field correction proportional to v into a toy
model produces a monotonic increase in both wgr and w;. At v = 0.20, the
damping shift reaches ~ 2.2%, surpassing the 1% sensitivity threshold of
next-generation observatories.
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Figure 2: Extreme-field corrections to quasi-normal modes. (a) Modified
Regge-Wheeler potential for different values of the extreme-field parameter
v (amplitude A = 2). The correction is localised near the peak and vanishes
at the horizon. (b) Relative shifts of the real and imaginary parts of the
fundamental QNM frequency as functions of v. Both increase monotonically,
with Awg/wr ~ 5.2% and Awr/wr ~ 2.2% at v = 0.20. (c) Example
ringdown waveforms for GR (blue) and with extreme-field corrections at v =
0.10 (red). The faster damping reflects the increased wy. (d) Observability
forecast: fractional change in damping rate Awy/w; vs. v. The grey band
marks the 1% sensitivity threshold of next-generation detectors (Einstein
Telescope, LISA); for v 2 0.08 the predicted shift exceeds this level.
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Table 1: Numerical values of the QNM frequencies and their relative shifts
for the extreme-field parameter v, obtained from the toy model with A = 2.

v WR wr Awg/wr (%) Awr/wr (%)
0.00 0.430845 0.256875 0.0000 0.0000
0.05 0.436517 0.258322 1.3166 0.5634
0.10 0.442131 0.259726 2.6196 1.1099
0.15 0.447688 0.261088 3.9093 1.6402
0.20 0.453188 0.262410 5.1860 2.1549

The toy model in Fig. 2] and Table []illustrates how extreme-field correc-
tions affect the quasi-normal modes of a Schwarzschild black hole.

The correction term §V = Awv f(r)/r?, where f(r) =1 —2M/r, is chosen
to vanish at the horizon and fall off at infinity, mimicking the qualitative
behaviour of the operator-valued perturbations e, introduced in Proposi-
tion [0} The amplitude A = 2 is set to produce shifts at the percent level, the
typical scale expected from perturbative quantum-gravity effects.

As v increases, both the oscillation frequency wgr and the damping rate
wr increase monotonically; at v = 0.20 the damping shift reaches 2.15%
(Fig. ), comfortably above the 1% sensitivity threshold of next-generation
gravitational-wave observatories (Einstein Telescope, Cosmic Explorer, LISA).
The waveform comparison for v = 0.10 (Fig. [2c) shows a visibly faster ring-
down, demonstrating that the effect is in principle observable.

Extreme Field Theory therefore predicts inner black-hole degrees of free-
dom—encoded in extreme-field perturbations and governing anti-eigen flux
tunnelling—that are testable via high-precision gravitational-wave spectroscopy.

3.3 Scenario 3: The Non-Perturbative Primordial Black
Hole

Following Proposition [§] the perturbative quantisation approach preserves
the purity of Hawking radiation globally—excluding mixed and thermal fea-
tures from the global state while maintaining entropy conservation. Under
this framework, a perturbative primordial black hole may reach a threshold
at which its acausal fields saturate the lower boundary of non-perturbative
quantisation, as illustrated in Fig. |3al This saturation provides a sufficient
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physical condition for an inner thermal transition that triggers a global en-
tropy difference—strictly speaking, a negentropic departure—leading to the
formation of a negentropic path towards an extreme-Planckian state. This
culminates in a Primordial Planckian Black Hole (PPBH): a Planck-scale
seed from which the universe can emerge, as will be discussed in detail in
Subsection and the main Section [l

At this threshold, the root mean square of the non-perturbative quan-
tised speed of light in Eq. —denoted ¢, in Eq. —becomes signifi-
cantly enhanced yet bounded, as established in Proposition [2], satisfying the
non-perturbative enhancement condition

Ce > €, (x) =x>0. (168)

Furthermore, the non-perturbative quantum corrections Typ and ¢ become
non-trivial, with the covariance term in Eq. growing significant—ensuring
that the temporal component of the metric retains a high probability of pre-
serving its timelike character (i.e., maintaining the Lorentzian signature),
thereby upholding the causal structure of spacetime, in agreement with The-
orem , and analogous to the perturbative result in Eq. .

This outcome explicitly violates the perturbative, extreme-field equal-
ity presented in Eq. . Consequently, an intrinsic spacetime asymmetry
emerges, characterised by a dominant tunnelling probability for the anti-eigen
flux over that of standard Hawking radiation. This asymmetry is mathemat-
ically captured by a non-perturbative, extreme-field inequality, which holds
under the strict condition

AT A~

BR BR
m < 3 < Dapr > l'spr- (169)

Eq. implies that the creation rate R of eigen-Hawking radiation
(EHR) inside the non-perturbative primordial black hole exceeds the creation
rate of standard Hawking radiation (SHR) emitted from its outer horizon.
This relationship can be written compactly as

Renr > Rsur. (170)

Egs. (169) and ((170]) establish the fundamental asymmetry that allows a
primordial black hole to collapse to a Planckian-threshold black hole, which
at this extreme juncture can recoil and seed large-scale cosmic structure.
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3.4 Hawking Radiation Tunnelling: General Solution
and Time Interpretation

In the preceding subsections, we derived the tunnelling probability for Hawk-
ing radiation under two assumptions: the high-energy limit near the black
hole horizon (Eq. (103)) and the condition that primordial black holes are
non-rotating and spherically symmetric, consistent with the Schwarzschild
solution (Eq. (104))). To generalise this analysis, we now relax the latter as-
sumption and treat ¢,. and —g;; as independent metric components, rather
than expressing one in terms of the other. Additionally, we incorporate the
positive-definite function €2, which appears under a square root and depends
on the angular coordinates, their associated metric components, and the ra-
dial coordinate. Previously omitted in Eq. under the assumption of
negligible angular contributions, this function allows the radial momentum
to be expressed in its general form, thereby generalising Eq. as follows:

o= —YI"_0p (171)
V —C%gu

Therefore, the tunnelling probability for standard Hawking radiation, given
in Eq. (112), can be expressed in its general form, Egs. and (89), as:

2 [ Sy ) 1m)
h vV —Cgu

In a similar vein, for the anti-eigen flux defined by the quantised metric
in Eq. , we consider the expectation value of the combined radial and
temporal metric operators under a single square root. This preserves the
full expression <525tt), without the need to separate out the emergent covari-
ance term, thereby avoiding additional restrictions or hidden assumptions
introduced solely to simplify the mathematical treatment. Furthermore, we
introduce an angular function ) that accounts for the dependence on the
angular coordinates, their associated metric components, and the radial co-
ordinate. Consequently, the general form of the tunnelling probability for
the anti-eigen flux can be written as:

I'sur ~ exp ( -

CApr ~ exp ( (173)

)
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Although the general tunnelling probabilities for standard Hawking ra-
diation (SHR, Eq. ) and the anti-eigen flux (AEF, Eq. ) cannot
be fully computed due to the relaxation of the Schwarzschild assumption
for primordial black holes, the aim of this subsection is not to evaluate the
integrals explicitly, but to elucidate their physical significance. Dimensional
analysis shows that the imaginary parts of these integrals necessarily have
the dimension of time.

For the standard Hawking radiation (SHR), the imaginary part of the
integral arises from a simple pole on the real axis at t,, interpreted as the
classical temporal horizon. The contour is taken above the real axis, forming
a counterclockwise (CCW) semicircle in the upper half-plane. By the residue
theorem, a simple pole enclosed CCW contributes

f(z)dz = +2mi Res[f, 2. (174)
cew

Since the pole lies on the real axis, a semicircular 7e deformation contributes
only half of the residue, yielding 7. Hence, for r = r(t), the imaginary part
of the integral in Eq. may be evaluated by transforming the integration
variable from the radial coordinate to time, giving

dr
m Qdr =Jm dt =+nf(th) ~T 175
: /\/—C 2 Gt ) /\/—C %G1 (dt) () . (73)
where T carries the dimension of time.

For the anti-eigen flux (AEF), the integral has a pole at 7, corresponding
to a quantum-escapable temporal horizon, which may differ from the classical
one, analogous to the quantum-corrected Schwarzschild horizon in Eq. .
The contour is taken below the real axis, forming a clockwise (CW) semicircle.
For a simple pole enclosed CW, the residue theorem gives

f(2)dz = —2mi Res|f, zo]. (176)
W

By the same reasoning, the semicircular deformation contributes half the
residue with opposite sign. Thus, the imaginary part of the integral in

Eq. (173 m becomes
j’]"’]" — jT’T’
Jm/ Q =Jm / —
\/ —(C%jut)
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where w € [0, 1] is the extreme-field parameter arising from the quantisation
of the speed of light, giving the black hole interior a quantum character
capable of supporting acausal anti-eigen excitations.

Comparing Egs. and , an observer at infinity perceives stan-
dard Hawking radiation (SHR) as evolving forward in time, while the anti-
eigen flux (AEF) effectively evolves backward. For w = 1, the tunnelling
probabilities of SHR and AEF are symmetric, consistent with the pertur-
bative quantisation of the speed of light discussed in Section [3.2] and with
the perturbative, extreme-field equality of Eq. . This symmetry en-
sures that tunnelling probabilities remain finite inside the black hole and
that the evolution is unitary, UUT =1, so that outgoing states remain pure
rather than becoming mixed. Consequently, information can escape the black
hole through the temporally escapable quantum horizon, providing a coherent
and symmetric mechanism that preserves both information and unitarity, as
demonstrated in Proposition

The uniquely non-perturbative approach developed in Section for a
primordial black hole establishes a lower bound for non-perturbative quan-
tisation. This bound is achieved if and only if, for such a primordial black
hole, the extreme-field parameter satisfies

w< 1. (178)

Applying this condition to Egs. (175]) and (177)), and inserting them into the
tunnelling probabilities of Eqs. (172) and (173]), directly implies the emer-

gence of an intrinsic spacetime asymmetry, satisfying Eqs. (169) and ((170)).
This sets the initial conditions for the emergence of the universe, as motivated

in Bl and formalised in Theorem [l

3.5 Interpretation of the Anti-Eigen Flux as Negative-
Energy Particles
Remark 5. The backward-in-time evolution of the anti-eigen flux preserves

the probability bounds in Eq. (L73)) if and only if its energy is interpreted as
a negative-enerqgy solution.

In this subsection, we revisit the thought experiment of Fig. [1| to inter-
pret Remark[5] An observer at infinity imagines a hypothetical sphere whose
geometry, if translated in spacetime by the horizon diameter 27, would ex-
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actly coincide with a primordial black hole (PBH). For this observer, stan-
dard Hawking radiation (SHR) emerges outward at distance § from the outer
horizon, while its negative-energy counterpart falls inward. Simultaneously,
acausal PBH excitations generate anti-eigen flux at the same distance ¢ from
the inner horizon, propagating toward negative infinity.

For the observer, outgoing positive flux balanced by infalling negative
energy characterises a perturbative PBH with intact translational symmetry.
Violation of this symmetry instead reveals an intrinsic spacetime asymme-
try—realised uniquely in the non-perturbative PBH—where enhanced anti-eigen
flux tunnelling drives a negentropic trajectory observable toward the Planck-
ian scale.

To formalise this, recall Eq. , defining the Bekenstein tunnelling

power B as
2
z—jm/ VI o B (179)
h V —C?Gu
As established in Eq. ( , for SHR the integral is evaluated over the
radial domain from ry, to 7.y, corresponding to outgoing positive-energy

radiation, yielding

2 Tout /
BSHR = ﬁ Jm/ ——0 ESHR dr = B. (180)

Tin V —c? Gt

For the anti-eigen flux, which propagates away from the observer toward
negative infinity (opposite to the SHR direction), the integral effectively re-
verses its boundaries relative to that of SHR. Consequently, from Eq. ,
the Bekenstein tunnelling power for the anti—eigen flux becomes

2 / Tout ]rr
h \/ — CQ]tt
The negative sign in Eq. (181)) can be interpreted as the action of a parity
operator P on the SHR Bekenstein tunnelling power B, yielding
PB=—B. (182)

Employing Eq. (181)) together with Eq. (177)), where the factor w emerges
as the extreme-field parameter, the tunnelling probability for the anti-eigen
flux reads

BAEF = — QEAEF dr < —B. (181)

[ app ~ e BAEF — @B, (183)
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At first sight, Eq. appears counterintuitive: the tunnelling probabil-
ity grows exponentially, seemingly violating unitarity. This apparent paradox
is resolved by recognising that the Bekenstein tunnelling power associated
with the anti-eigen flux must be intrinsically negative. Consistency with the
definition of the Bekenstein tunnelling power for standard Hawking radiation

in Eq. (180) then requires
Farp <0 <=  Tapp ~ ¢~ Barr — e*“B, (184)

which restores the correct probabilistic bound and implies that the anti-Eigen
flux is necessarily a negative-energy excitation.

This result implies that, for primordial black holes, the anti-eigen flux
represents an outward-flowing negative-energy flux, while the eigen-Hawking
radiation corresponds to an inward-flowing positive-energy flux. This mech-
anism prevents PBHs from evaporating via standard Hawking radiation.
Within the perturbative framework (Section [3.2)), this behaviour ensures the
preservation of information, whereas in the non-perturbative framework (Sec-
tion [3.3)), it allows a primordial black hole, saturated at the lower bound of
non-perturbative quantisation, to follow a negentropic path without evapo-
ration, thereby establishing the initial conditions for the emergence of the
universe. This scenario will be discussed in further detail in Section B.7.

3.6 The Origin of Matter—Antimatter Asymmetry

The cosmological matter—antimatter asymmetry remains a fundamental open
problem: despite the symmetry of microscopic laws, the Universe is over-
whelmingly matter-dominated. Within extreme-field theory, this asymme-
try originates from the interior of a non-perturbative primordial black hole
(NP-PBH), where non-perturbative quantisation yields a dynamical bias
favouring matter confinement and antimatter deconfinement—the latter via
an enhanced tunnelling probability.

At a fundamental level, two possibilities may account for the observed
asymmetry: (i) an intrinsic asymmetry in matter creation, or (ii) symmetric
creation of matter and antimatter followed by a biased dynamical separa-
tion. The first possibility would require the emergence of matter without
corresponding antimatter partners. Such a process cannot arise from vacuum
quantum fluctuations and contradicts the foundational principle of extreme-
field theory, according to which extreme fluctuations are inevitable in the
pre-being epoch.
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The second possibility, involving symmetric creation with subsequent dy-
namical bias, is consistent with the principles of the theory. In this picture,
matter—antimatter pairs are created symmetrically, but the extreme-field en-
vironment within the NP-PBH induces an asymmetric evolution: matter
preferentially accumulates as inward eigen-Hawking radiation, while anti-
matter is preferentially expelled as anti-eigen flux. This biased separation
provides a natural mechanism for generating the observed asymmetry.

To assess whether such a bias could instead arise from causal fluctua-
tions at the outer horizon, we examine standard Hawking radiation. In this
case, particle—antiparticle pairs are produced near the horizon, with one part-
ner tunnelling outward while the other falls inward. However, the universal
tunnelling probability in Eq. depends only on the energy F and the
classical metric components in Eq. , both of which are insensitive to
particle identity. Consequently, standard Hawking radiation is strictly sym-
metric between matter and antimatter,

I‘SHRfMaLtt;er = FSHR*Antimatter- (185)

This symmetry rules out standard Hawking radiation as the origin of the
cosmological asymmetry.

This suggests that the matter—antimatter asymmetry originates within
the non-perturbative primordial black hole (NP-PBH), where extreme-field
effects break the symmetry via a biased tunnelling mechanism.

Based on the above considerations, we now examine the physical resolu-
tion of the matter—antimatter asymmetry by analysing the tunnelling prob-
ability of the anti-eigen flux and determining whether it exhibits symmetry
or antisymmetry between matter and antimatter. The universal expression
for the anti-Eigen flux tunnelling probability follows from Egs. , ,
and , and may be written as

\/ jrr _ — =
[Agr = exp —gjm/LQEdr = exp M — e vB,
" ~(C2u)
(186)

In Eq. , E~ denotes the negative-energy solution associated with the
anti-eigen flux, while (—T) represents its backward-in-time evolution. Within
the non-perturbative framework, the parameter w emerges intrinsically as an
extreme-field fraction satisfying the bound in Eq. , with 0 <w < 1.
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Within the quantum-field-theoretic picture, matter and antimatter can be
distinguished by their temporal orientation: matter corresponds to positive-
energy states propagating forward in time, while antimatter corresponds to
negative-energy states evolving backward in time. In direct analogy with
Eq. , only the latter—the negative-energy, backward-evolving modes—are
permitted to tunnel outward as anti-eigen flux. Conversely, positive-energy,
forward-evolving modes cannot tunnel outward; they are confined to propa-
gate inward, seeding the NP-PBH core.

Consequently, we identify the anti-eigen flux with antimatter that escapes
via tunnelling, and the eigen-Hawking radiation with matter that remains
trapped, collapsing inward instead. We therefore identify this solution as a
PT-symmetric evolution, in which the two sectors—anti-eigen flux and eigen-
Hawking radiation—are related as mirror images under spatial inversion (P)
and time reversal (T) [22].

A more general resolution arises when the extreme-field parameter itself
acquires an intrinsic asymmetry within the non-perturbative framework. In
this case, Eq. allows for distinct values of the extreme-field parameter
for matter and antimatter, satisfying the inequality

Wantimatter < Wmatter - (187>

Substituting Eq. (187)) into Eq. (186]) immediately yields
FEHR—Matter > FEHR—Antimatter7 (188)
FAEF—Ma‘cter < FAEF—Antimatter7 (189>

where F denotes the probability for inward-directed eigen-Hawking radiation
and is defined as the complement of the tunnelling probability,

F=1-T. (190)

It is therefore natural to interpret w as an extreme-field eigen-intrinsic asym-
metry parameter that fundamentally differentiates matter from antimatter
within the quantum-gravitational interior of the NP-PBH. Under the condi-
tion in Eq. , a slightly larger value of w for matter induces an effective
confinement: the tunnelling probability is suppressed, while the probability
of inward-directed eigen-Hawking radiation is enhanced. Conversely, anti-
matter—characterised by a marginally smaller w—experiences an effective
deconfinement, manifested as an enhanced tunnelling probability via anti-
eigen flux and a reduced inward flux probability.

46



From first principles, the matter-confinement—antimatter-deconfinement

\V/ (rr)

dynamics follows from the extreme-field integral I = Jm [ WarzTmy QEdr
- Jtt

as defined in Eq. . The integral therefore satisfies the structure of
Egs. and if and only if it exhibits asymmetric behaviour between
matter and antimatter—enhanced for matter and suppressed for antimatter,
i.e. Inatter > Lantimatter- Such asymmetry enhances the tunnelling probability
for antimatter while suppressing it for matter, enforcing matter confinement.

This behaviour has two fundamental interpretations. The first involves
the covariance contribution to (C%J) = (C?)(Ju) + Cov(C?, ju); any marginal
difference in covariance between matter and antimatter induces asymmetry.
The second relies on the spacetime operator quotient, which via Eq.
becomes an extreme-field phase ¢(t) integrated over time, I = Jm [ ¢(t) dt.
Here, a similarly small asymmetry in the extreme-field phase yields the effect.
In either case, a slight enhancement of the integral for matter relative to
antimatter leads to matter confinement and antimatter deconfinement.

This mechanism, which inherently favours antimatter tunnelling (decon-
finement), raises a natural question: if antimatter indeed tunnelled out with
a greater primordial probability, where did it ultimately go?

The answer lies in the fact that antimatter primarily annihilated with
the matter component of standard Hawking radiation. The excess antimat-
ter, which could not annihilate immediately, propagated toward the primor-
dial universe’s horizon and eventually resided at the boundary of spacetime.
Following the Jerk Tremendous—which triggered an enormous inflationary
phase in the early universe—most of this antimatter underwent significant
spacelike separation from the newly formed universe. This inflationary ex-
pansion propelled antimatter beyond the causal reach of the observable uni-
verse, placing it outside its light cone or horizon—permanently inaccessible
to any future interaction.

Of the antimatter that remained within the universe—a small fraction
compared with the created matter—its contribution became asymmetric:
this fraction underwent partial annihilation with a corresponding matter
component, while the residual matter seeded the universe, thereby giving
rise to the primordial matter—-antimatter asymmetry.

A profound and testable prediction of the theory is that the asymmetry
was not lost but spatially separated: antimatter resides predominantly in re-
gions beyond the observable horizon, forming domains causally disconnected
from our matter-dominated universe.
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3.7 The Planckian Extremisation Threshold

Proposition 10. In the Pre-Being epoch, if the quantum fluctuations follow
a non-Gaussian distribution [23,32,135,80,|115] or other unknown nonlin-
ear distributions, there exist locations where they are naturally amplified into
acausal field excitations [38]. These excitations are hypothesised to corre-
spond to perturbative primordial black holes. Locations of maximal amplifica-
tion act as seeds for primordial black holes, defining the minimal threshold for
non-perturbative quantisation. A sufficient condition is that a maximally en-
tangled, non-perturbative primordial black hole saturates this minimal thresh-
old, thereby setting the initial condition for the emergence of the Universe.

Proposition 11. The initial cosmological conditions are defined by a non-
perturbative primordial black hole evolving along a mazimally ordered (negen-
tropic) flow (67,125, contracted to the Planckian threshold. This establishes
a net primordial entropy configuration corresponding to AS < 0. At this
critical juncture, the Planckian extremal negentropic black hole undergoes a
tremendous jerk-like recoil process, irreversibly transitioning to seed large-
scale cosmic structure.

In this subsection we justify the transition from the non-perturbative pri-
mordial black hole (NP-PBH) to the primordial Planck black hole (PPBH).
As shown in Fig. [3a] the NP-PBH represents the highest non-Gaussian
peak—exceeding the statistical threshold (Fig. and thereby marking the
onset of non-perturbative quantisation. A negentropic transition leads to the
PPBH, which saturates the upper boundary of this regime at the Planckian
extremisation threshold. This progression is motivated in Section 3] theorised
in Theorem [2| and formally proposed in Propositions [10] and

Within the non-perturbative framework of Subsection |3.3] we demon-
strated that the creation rate of eigen-Hawking radiation exceeds that of
standard Hawking radiation from the exterior. In this mechanism, the tun-
nelling particles forming the anti-eigen flux are negative-energy excitations,
as established in Subsection 3.5 while the inward eigen-Hawking flux consists
of positive-energy particles that seed the NP-PBH core.

Consequently, NP-PBH thermodynamics is governed by two distinct de-
grees of freedom: positive-energy eigen-Hawking radiation (EHR) and negative-
energy ingoing particles—the negative-Hawking flux (NHF)—which counter-
balances standard Hawking radiation. This duality produces a distinctive
thermodynamic signature, particularly affecting primordial universe entropy.
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Pre-Being Fluctuations and PBH formation

ki

(a) Snapshot of primordial fluctua-
tions. The non-Gaussian field (blue)
exhibits enhanced peaks compared
to a Gaussian realisation (black
dashed).  Peaks crossing the red
dotted threshold ((y,) become seeds
for primordial black holes (PBHs),
marked by black circles. The high-
est peak (red dot with black edge,
highlighted by a glow) corresponds to
the non-perturbative PBH seed (NP—
PBH), which saturates the lower
boundary of non-perturbative quan-
tisation and provides the initial con-
dition for cosmic emergence.
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(b) Probability density functions of
fluctuation amplitudes. The Gaus-
sian distribution (black dashed) has
an exponentially suppressed tail,
while the non-Gaussian distribution
(blue solid) exhibits a significantly
enhanced tail (red shaded area)
above the formation threshold (.
This enhancement dramatically in-
creases the likelihood of large fluc-
tuations that collapse into PBHs,
with the rarest events reaching the
NP-PBH threshold.

Figure 3: Illustration of non-Gaussian fluctuations and primordial black hole
seeding, corresponding to Proposition |10l The left panel shows a spatial re-
alisation of the fluctuation field; the right panel demonstrates the statistical
enhancement of the tail. Together, these panels illustrate how non-linearities
generate PBHs and, in the most extreme case, a single NP-PBH that estab-
lishes the initial cosmological conditions described in Proposition .
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In the standard picture of Hawking radiation, the emission of quanta
from a black hole is accompanied by a decrease in the black-hole entropy,
associated with the ingoing negative-energy Hawking flux across the hori-
zon. To quantify this entropy change, we invoke the Bekenstein—-Hawking
relation [20),73], which relates the black-hole entropy to the area of its event

horizon:
kA G
SBH 46%7 P 03 ) ( 9 )

where kg is the Boltzmann constant, A denotes the horizon area, and ¢p is
the Planck length.

For a Schwarzschild black hole, the horizon radius is given by r, =
2G M /c?, which yields a horizon area of

167G M?

A= dmr? = 1

- (192)

Substituting (192)) into (191)), the entropy may be expressed explicitly as a
function of the black-hole mass:

A GM>F,
Spu(M) = h—B (193)
c
The first law of black-hole thermodynamics [12,/163],
dM = Ty dS, (194)

provides the fundamental relation between mass and entropy. Multiplying
the left-hand side by ¢? to restore energy units and applying the Bekenstein-
Hawking entropy formula, Eq. (193)), then yields the Hawking temperature,

s \ ! hic3
L = (d(Mc2)) "~ 8rGMkg' (195)

Emission of a quantum of energy E reduces the black-hole mass from M
to M — E/c*. In the fixed-background (purely thermal) approximation, the
corresponding entropy change follows from expanding Eq. to first order
in E:

E
AS = SBH (M — 6_2) — SBH(M)

dS E  SrGMEkg

dM 2 he3 (196)
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Within the semiclassical tunnelling framework, the emission probability
is determined by the change in black-hole entropy via the detailed-balance
relation [123]

AS

I~ exp <E> , (197)

which follows from the microcanonical identification of the number of black-
hole states with exp(Sgu/ks). Substituting (196]) into (197)) yields the stan-
dard thermal result

87TGME) ’ (198)

I' ~ exp (— ol

equivalent to the Boltzmann factor exp(—FE/kgTy).

To incorporate black-hole back-reaction consistently, as established in
Eq. , energy conservation must be enforced during the emission process.
This can be achieved by evaluating the change in black-hole entropy at the

reduced mass, using Eq. (193)):
B2
(M - 9) - M2] (199)

E ArGk
AS = Spi (M - —2> ~ Spu(a) = 2T
c he

47TG]€B 2 E E2 2 IrGE ]{JB FE

~ — —4+——-M"| =- M- —

he M 2M02 + ct he? 2¢?
(200)

Following the same reasoning as in Eq. (112]), one can define
E

AT=M - —. 201
2c2 (201)

Evaluating the entropy change in this way, rather than expanding about
a fixed background, naturally incorporates the leading-order effect of back-
reaction. The corresponding tunnelling probability becomes

[BR —8nGE A}

SHR " exp[ o3 (202)

which is in agreement with the Parikh-Wilczek tunnelling formulation of
Hawking radiation [121], as derived in Eq. (112).

Accordingly, the back-reaction gives rise to a negative entropy change,
originating from the negative-Hawking flux (NHF'), and can be expressed as:

8TGE kg A~

ASﬁHF = he3 )

(203)
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demonstrating that back-reaction induces a deviation from strict thermality
while remaining consistent with semiclassical black-hole thermodynamics.
Analogously, we examine the entropy change associated with positive-
energy eigen-Hawking radiation (EHR). The corresponding anti-eigen flux
obeys the back-reaction—corrected tunnelling probability given by Eq. :

8rGE ( (204)

FBR ~ _
AEF exp[ hci’(l—i-TNP)QQ

—8TGE AT
= X
exp hCi(l + TNP)2Q

o)
2c2

For the positive-energy eigen-Hawking radiation emitted inward, the as-
sociated black-hole entropy must increase, in accordance with the second
law of thermodynamics [43]. This thermodynamic requirement imposes a
detailed-balance condition on the tunnelling probability. However, when
the entropy change is positive, the standard detailed-balance relation in
Eq. would lead to an unbounded exponential enhancement of the prob-
ability—thereby violating probabilistic consistency.

To preserve probability normalisation while maintaining thermodynamic
consistency, the detailed-balance relation must therefore be generalised and
expressed in terms of the negative modulus of the entropy change:

Prvexp<—l%¥ﬂ). (205)

B

Equating the tunnelling probability in Eq. (204) with the generalised
detailed-balance form (205)) yields the positive entropy change associated
with eigen—Hawking radiation,

IrGE k’B AJF
hCi(l —f- TNP)QQ'

From the intrinsic spacetime asymmetry illustrated in Fig. [[}—discussed
further in the non-perturbative framework of Subsection [3.3] and encoded
mathematically by the non-perturbative, extreme-field inequality of Eq. (169)—we

obtain a corresponding inequality between the entropic variations of Eqgs. (203])
and (206]). This inequality reads

ASiug = (206)

‘ASIGHFl > }ASE—HR

, (207)

where ASyyp < 0 is the negentropic change induced by the negative-Hawking
flux, and ASgyr > 0 is the positive entropy contribution from the eigen-
Hawking radiation.
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For the non-perturbative primordial black hole (NP-PBH), the total en-
tropy change is therefore negative:

ASNP.PBH = AS&HF_‘_ASI—SHR < 0. (208)

Consequently, the final state of the NP-PBH possesses lower entropy than its
initial state. We term this phenomenon non-perturbative entropy contraction.

The result appears counter-intuitive at first glance. According to Eq. 7
the creation rate of eigen-Hawking radiation exceeds that of standard Hawk-
ing radiation (and hence also exceeds the rate of the compensating negative
Hawking flux). Naively, one would expect that adding more positive-energy
states should increase the entropy. However, in the non-perturbative extreme-field
regime, the creation-rate inequality of Eq. —Which defines the intrinsic
spacetime asymmetry—is realised if and only if the fundamental asymmetry
condition holds. This condition demands that the effective exponent in
the tunnelling probability for the anti-eigen flux be less negative than that for
standard Hawking radiation, after accounting for the modified speed of light
¢y, the quantum corrections Tnp, and the back-reaction term A™. Since the
exponent is proportional to the entropy change (up to the Boltzmann con-
stant), as shown in Eq. , the less negative exponent directly translates
into a smaller magnitude of negentropy, thereby explaining the net entropy
contraction relative to the standard Hawking process.

A deeper understanding follows from the analysis in Subsection (3.5 There
it is shown that the negentropic change due to the negative-Hawking flux
equals the negative of the Bekenstein tunnelling exponent (up to a factor
of kg), while the positive entropic change from the eigen-Hawking radia-
tion corresponds to the positive exponent multiplied by a contraction factor
w. Crucially, within the non-perturbative framework, w—explicitly given by
Eq. —acts as a suppression parameter that reduces the positive entropy
contribution. Thus, although a net addition of positive-energy states occurs,
extreme-field physics enforces an overall entropy contraction, maintaining the
NP-PBH in a more ordered, negentropic state.

This entropy-contraction mechanism represents a distinctive thermody-
namic signature of the non-perturbative regime and provides a rigorous basis
for the transition to a primordial Planck black hole. The analysis thereby jus-
tifies Proposition : in light of Eq. , the total net negentropic change
induces an area contraction, forcing the NP-PBH to follow a negentropic
flow until it reaches a Planckian threshold where its area approaches ~ ¢%.
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Consequently, the cumulative area contraction is parametrically large:
IAA| > 63, (209)

signifying a macroscopic reduction of the horizon.

At this juncture, the net negentropic state of the threshold object—mow
identified as the primordial Planck black hole (PPBH)—implies, via Eq. (191)),
a large negative entropy:

Sppea K 0. (210)

Substituting Eq. (210]) into the generalised detailed-balance relation (205
yields an extreme suppression of the tunnelling probability for both the
anti-eigen flux and standard Hawking radiation:

Tpppi ~ 0. (211)

We identify this condition as Planckian extremisation: the system simul-
taneously saturates the fundamental upper bound of causal horizon fluctu-
ations and maximises interior acausal field excitations. In this saturated
regime, quantum fluctuations cease oscillatory behaviour and converge to a
unified Planckian state. The resulting primordial Planck black hole (PPBH)
thus constitutes a terminal gravitational configuration, where further Hawk-
ing emission is dynamically prohibited. Consequently, this extreme negen-
tropic state—corresponding to zero accessible microstates and extraordinary
sensitivity to perturbations—represents the upper limit of the non-perturbative
regime. It is rendered highly unstable by an intrinsic non-perturbative eigen
back-reaction, which is justified in Subsection (Theorem and physically
realised as an effective infinite resistance that prevents the extreme Planckian
configuration from collapsing indefinitely to a singularity.

Having established the terminal, extremised nature of the primordial
Planck black hole (PPBH), this framework motivates an examination of the
complete structure of the primordial universe. We propose that the primor-
dial universe consists of three interacting components: (i) classical causal
pre-being fluctuations (PBFs), which generate a positive entropic contri-
bution (Subsection [3.1)); (ii) perturbative primordial black holes with ap-
proximately fixed entropy (Subsection [3.2)); and (iii) the non-perturbative
fluxes—the negentropic anti-eigen flux and the entropic standard Hawking ra-
diation (Subsection [3.3)—both of which originate from the non-perturbative
primordial black hole as it approaches the PPBH configuration.
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Recalling the hierarchy established in Eq. (170)), the relative flux rates
can be expressed as

Farr > Fsnr. (212)

Eq. indicates that, in the primordial universe, the rate of the negative-
energy anti-eigen flux exceeds that of the positive-energy standard Hawking
radiation as measured by an observer at infinity. Consequently, the tunnelling
of negative-energy particles associated with the anti-eigen flux contributes a
net negative entropy,

ASppr < 0, (213)

whereas the same observer records standard Hawking radiation as contribut-
ing a positive entropy,
ASSHR > 0. (214)

The non-perturbative extreme-field asymmetry between the anti-eigen
and standard Hawking flux rates—captured in Egs. and , and
equivalently in the flux notation of Eq. —implies that the negentropic
contribution generated by the anti-eigen flux progressively dominates over
the combined positive entropic contributions from standard Hawking radia-
tion and from classical pre-being fluctuations. This leads to a net entropy
imbalance,

|ASagr| > |ASsur| + [ASpBrs|. (215)

Physically, Eq. implies that the anti-eigen flux progressively sup-
presses the random microstates generated by standard Hawking radiation
and causal pre-being fluctuations, drawing the primordial energy distribution
into an increasingly uniform configuration within the PPBH. This process ef-
fectively reverses the conventional thermodynamic arrow—a phenomenon we
term the time—entropy arrow reversal. Consequently, from the perspective
of an observer at infinity, the primordial universe does not appear to expand
outwardly, but rather evolves inwardly towards an increasingly ordered, low-
entropy state.

The central result emerging from Eqs. (208) and ([215]) is that, during the
pre-being epoch, the primordial universe undergoes a continuous net decrease
in total entropy. This behaviour reflects the combined action of time—entropy
arrow reversal at the cosmological level and entropy contraction within the
non-perturbative primordial black hole. Consequently, the energy content of
the universe is progressively drawn toward a unique Planckian core, forming
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an exceptionally ordered macrostate identified as the PPBH. The net entropic
evolution of the primordial universe may therefore be expressed as

ASuniverse = ASpppr + ASarr + ASsar + ASprrs < 0. (216)

In this extreme limit, the PPBH functions as the dominant universal at-
tractor, drawing in all available energy. Analogous to a singular point in
configuration space, it absorbs highly random, non-uniform primordial mi-
crostates and transforms them into a coherent, uniform macrostate. Conse-
quently, the total entropy of the primordial universe is reduced, culminating
in a highly negentropic state physically embodied by the PPBH. This extreme
ordering can be quantified via Boltzmann’s entropy relation [29}/129):

S=kglnW, (217)

where W denotes the number of accessible microstates.

In conventional physics, a state with vanishing microstates is regarded
as unattainable, as residual energy and disorder persist even at absolute
zero. However, within the non-perturbative extreme-field regime, the in-
trinsic spacetime asymmetry—quantified in Eqgs. and —enforces
an effective reversal of the entropy arrow, driving the system toward pro-
gressively lower randomness and higher order. In this regime, the limit of
vanishing microstates becomes physically accessible, yielding a primordial
universe that is intrinsically negentropic. Specifically, as W — 0,

v%/iglo AS niverse = Vlvigo kplnW = —cc. (218)

At this juncture of extreme order—where discretisation saturates to a
continuum, gravitational coupling becomes indistinguishable from quantum
coupling, and the resulting deterministic state is rendered inherently un-
stable—such a continuum deterministic configuration is prohibited at the
Planckian threshold. Consequently, a non-perturbative eigen back-reaction
of the field on itself becomes inevitable, as established in Theorem [3| driving
an extremisation phase transition that forces the system from the Planckian
threshold into an entropic large-scale regime where gravitational coupling
becomes asymptotically free. The detailed dynamics of this extremisation
phase transition—the physics of the quantum-gravitational jerk bridging the
micro-Planckian and macro-cosmological regimes—are derived in Section
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4 Main

4.1 The Cosmological Initial Asymmetries

Symmetries in physics represent fundamental invariances in nature’s laws,
while their breaking—where systems governed by symmetric laws transition
to asymmetric states—has profound implications across physics. This is ev-
idenced by chiral symmetry breaking in quantum chromodynamics (QCD)
[115], CP violation in weak interactions [144], and electroweak symmetry
breaking via the Higgs mechanism [78]. In cosmology, early-universe phase
transitions accompanied by symmetry breaking shaped matter—antimatter
asymmetry and cosmic structure formation [91]. Building on this founda-
tion, the theory predicts that intrinsically asymmetric physics governed the
Pre-Being Epoch, seeding the processes that culminated in cosmic genesis.

A primary breaking event in the primordial universe was the violation
of causality [3,5898,[111], which ordinarily ensures that effects follow their
causes. In the Pre-Being Epoch, however, spacetime—the necessary sub-
strate for fluctuations—could not emerge causally. The formation of primor-
dial black holes (PPBs), with non-causal core fields exhibiting superluminal
fluctuations, therefore preceded their causal triggers: the pre-being fluctua-
tions (PBFs) near the nascent horizons. This counterintuitive ordering can
be understood through gravitational time dilation, dt = dr/(—gy), as mea-
sured by a higher observer [132,155]. For such an observer, the emergence of
the PPBs occurs before the PBFs, i.e., dtppg < dtppr, because the tempo-
ral component characterising the perturbative PPB core, (—gk,) (Eq. (155)),
marginally exceeds the standard Schwarzschild metric component, g4, which
characterises the causal fluctuations (Eq. (91))). Consequently, this appar-
ent violation of causality was not merely allowed but fundamentally required
for the formation of a spacetime substrate capable of supporting subsequent
physical processes. This effect is intimately tied to the intrinsic spacetime
asymmetry described in Section [3} inside the non-perturbative primordial
black hole (NP-PBH) horizon, spacetime is quantised non-perturbatively,
while the exterior remains a classical continuum. This asymmetry enables
the eigen-Hawking radiation (EHR) rate inside the NP-PBH to exceed that of
standard Hawking radiation (SHR) outside (Eq. (170)))—a result encoded in
Eq. . Its solution confirms the extreme-field parameters remain bounded
but not unity (Egs. and (I78))), establishing initial conditions for an
apparent thermodynamic violation.
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The matter—antimatter asymmetry originates from further asymmetries
rooted in the non-perturbative quantisation framework, as detailed in Subsec-
tion[3.6] Two distinct mechanisms emerge from this framework: (i) PT-symmetric
evolution [22], which permits negative-energy backward-evolving modes to
tunnel outward as anti-eigen flux (antimatter), while confining positive-energy
forward-evolving eigen-Hawking modes (matter) inward; and (ii) a more gen-
eral extreme-field solution, in which the asymmetry parameter w enhances
matter confinement while marginally suppressing antimatter deconfinement.
Both mechanisms naturally produce a matter-dominated universe consistent
with the observed baryon asymmetry [144].

Quantum vacuum fluctuations normally exhibit translational symmetry—they
are statistically uniform across space. During the Pre-Being Epoch, however,
fluctuations displayed significant spatial heterogeneity following a nonlinear,
non-Gaussian distribution [46],94,/103],160]. Fluctuations were most intense
near perturbative primordial black-hole horizons, weaker in distant regions,
and extreme within the non-perturbative primordial black hole—the seed
that saturated the lower boundary of non-perturbative quantisation and initi-
ated the negentropic flow toward the Primordial Planck Black Hole (PPBH).

4.2 The Quantum-Gravitational Conjugate

Section[I]establishes the speed of light as an operator in extreme-field physics,
where its classical constancy is modified by a significant quantum-gravitational
conjugate, Y, in the non-perturbative formulation of Section [3.3. By Propo-

sition 2] (Eq. (42))) and Eq. (87)), this operator takes the form

C=\/2+ 21V, (219)

where V,, denotes the spacetime covariant derivative, whose action on a test
function is given explicitly by

V,u(by = a,u(by + FZA¢A7 (22())

with I, the Christoffel symbols, and Z" the quantum operator encoding
non-perturbative gravitational fluctuations.

Historically, the invariance of ¢ follows from the electromagnetic proper-
ties of the vacuum, specifically the permittivity €y and permeability ug of

free space [109):
1
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These constants characterise the vacuum impedance to electric and magnetic
fields; their constancy follows from the translational symmetry, isotropy, and
homogeneity of flat spacetime. Combining them into a single homogeneous
causality constant x and setting c = /Xy yields, via Eq. , the definition
o= ——. (222)
€olto

In extreme electromagnetic field regimes, ¢y and pug are rendered dynam-
ical |2,51/59,/105). This breaks translational symmetry, forcing o to acquire
an operator character. Strong fields polarise the vacuum, varying e, po;
similarly, strong curvature modifies light propagation [84]. These considera-
tions motivate promoting the speed of light to an operator. Such an operator
description offers key advantages over a classical variable-c model: it incorpo-
rates quantum fluctuations and couples consistently to quantum fields and
curvature, aligning with quantum-gravity expectations. We thus promote

Yo = ¢2 to an extreme-field operator {* = C2, defined as

C’=c+ % (223)

However, classical physics must be recovered at the boundary between the
extreme and classical regimes, implying the condition
lim x =0 lim C=c 224
boulnr(g}ry X ’ boulnrégry ¢ ( )
For a black hole, this boundary is the event horizon. The Schwarzschild
radius, r, = 2GM/c?, remains fixed because the speed of light returns to its
classical value there. Consequently, quantum-gravitational states |¢) must
be annihilated by the extreme-field operator at the horizon:
lim y|¢) = 0. (225)
r—rs
Within black-hole interiors, locations where spacetime deviates from clas-
sical smoothness and becomes purely fluctuating yield a distinct geome-
try—the Extreme Hermitian Geometry—that establishes the extreme con-
ditions for Hermiticity. There, the vanishing boundary condition together
with x = Z*V,, (with Z# = iha 0" from Eq. (245))) guarantees conditional
Hermiticity iff had”V,, is anti-Hermitian. This occurs in two ways:

1. 9"V, itself satisfies anti-Hermiticity under a conditional anticommuta-
tive geometry;

59



2. the combination a0”V, yields an odd number of integrations by parts,
rendering it anti-Hermitian.
The second possibility requires interpreting the running coupling as the op-
erator a = a0, (Proposition 2| Eq. (45)). Building on this, we then examine
the compound action of ad"V, on states in the Hilbert space equipped with
the inner product

6] 4) = / o/ =g 6. (226)

Applying integration by parts, imposing vanishing boundary conditions on
the fields and their derivatives, and using the noncommutativity identity
CBA = ABC — A[B,C| — [A,C]B — C[A, B] yields

a0<¢ | auauvu¢> = _a0<vu8uaU¢ | @ZJ)

= —ap(0,0"V o | ) (227)
+ a0<(au[aﬂ,v#] + (00, V0" + V[0, ") 6 | ¢>.
(228)

Eq. therefore admits conditional anti-Hermiticity at particular extreme-field
locations, which we refer to as points of Hermiticity, where the compound
commutator terms in Eq. vanish. Acting on a test function, this con-
figuration defines the commutative extreme Hermitian geometry identity:

((au[a“, Vo + [0, V0" + V,.[0,, 6’“])@)0 —0. (229)

This condition, however, is complex and may conflict with Eq. if the
emerging coupling is a genuine coordinate operator. An alternative is to pur-
sue the first possibility: that the coupling is strictly coordinate-independent
and that 0"V, satisfies anti-Hermiticity under a conditional anticommutative
geometry, expressed as

(01 0"Vuih) = (V0" | ) = =(0"V,uo | ¥) (230)

+{V, 0"} [ ). (231)

Using Eq. together with the covariant derivative acting on a test function

(Eq. (220)), one obtains the explicit form of {V,, 8"} appearing in Eq. (231)):
{V,,0}9)" = ((8,9")0,9° + 80,97 + '], 0" ")

+ (079,97 + (9"T9,)d* + I'7, 0"®*) (232)

= (0,9"°)0,97 + 20”0, ®7 + 217, 0" ®* + (9T, )@*. (233)
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Eq. (230]) therefore yields conditional anti-Hermiticity upon vanishing of the
anticommutator term in Eq. (231)). Using the explicit form in Eq. (233)), this
defines the anticommutative extreme Hermitian geometry identity:

(0,9"7)0,87 + 20"0,®7 + 217, ¥ ®* + (0T, )®* = 0. (234)

When either condition—Eq. (229)) or Eq. (234)—holds, had*V,, becomes
anti-Hermitian:

(hao"V )1 = —had"V . (235)

Consequently, the operator x = tha 0"V, is Hermitian, the factor ¢ ensuring

A = (iha 0"V )l = —ih(ad"V )| = —ih(—ad"V,) = iha 0"V, = X,
(236)

yielding real eigenvalues and expectation values as required for an observable.

Should both conditions fail, we instead employ the antisymmetric con-
struction (Remark 2| Eq. (44)), which yields a globally Hermitian operator
without conditional assumptions. This construction, together with the Ex-
treme Hermitian Geometry, will be addressed in a forthcoming paper.

Turning to the perspective of a quantum-gravitational state, the vanishing
boundary condition (Eq. (225))) can be reinterpreted as the freezing of its
quantum-gravitational evolution, which implies

lim V,,|¢) = 0. (237)

T—Ts

This observation validates the structure of y given in Eq. (Proposition:
X = 2"V, (238)

From a deeper physical perspective, Eq. , together with the defi-
nition of ¥ in Eq. (238), demands reinterpretation as a parallel-transport
condition along an operator-defined quantum direction. At the horizon, the
state |¢) becomes covariantly constant along Z", signalling the freezing of
quantum-gravitational evolution. The horizon thereby acts as a natural filter:
the state freezes, classical degrees of freedom propagate outward, and prob-
abilistic quantum features are suppressed. Conversely, within the black-hole
interior, the non-vanishing condition forces non-parallel transport along a
closed loop of the quantised interior—a behaviour mirroring the Berry ge-
ometric phase in adiabatic quantum cycles [24] and thereby encoding the
geometric structure of the interior.
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The resulting operator C is inherently non-local—a feature that is not an
artefact but a necessity for resolving singularities and incorporating space-
time entanglement and holography [86,/152]. In quantum gravity, such non-locality
can transiently modify classical causality, as anticipated in the Pre-Being
Paradox introduced in Section [2 there, the final state—primordial black
holes in an extreme non-causal field—precedes its cause, namely the causal
pre-being fluctuations. This reversed chronology, rooted in the non-local dy-
namics of the quantised speed of light, underscores the consistency of the
operator framework in Eq. for extreme-field physics.

4.3 Quantum-Gravitational Noncommutative Algebra
and the Emergence of a Unified Coupling

A consistent quantum-gravitational field theory requires spacetime quantisa-
tion [48,101,{141]. In extreme field theory, this emerges from promoting the
speed of light to a quantum operator—an additional term encoding quantum-
gravitational effects while preserving classical coordinate labels.

Principle [I] promotes the metric to a quantum operator: the line ele-
ment becomes operator-valued while coordinates remain classical. Spatial
coordinates may later acquire operator character, but time stays a classi-
cal external parameter. This structure induces noncommutativity between
spacetime coordinates and the quantum-gravitational conjugate.

To formalise this structure, we examine the fundamental commutation re-
lations between the spacetime coordinate operators 2 [116] and the quantum-
gravitational conjugate Z“Vu, which arises naturally from quantising the
metric in the extreme-field limit, as demonstrated in Proposition [6}

(2, ZVV,]. (239)

We begin with metric-compatible geometry, where the classical Rieman-
nian framework [97/138] may admit quantum modifications. Covariant deriva-
tive preserves the metric, V,g,, = 0, so indices are raised and lowered by
V., = V" and V¥ = ¢g"V,. Metric symmetry g¢,, = ¢,, guarantees in-
variance under parallel transport: V(g V#*W?") = 0. Christoffel symbols
are symmetric, F;}V = Fiu' Within this framework, Eq. expands the
commutation relation between spacetime and the quantum-gravitational con-
jugate using the distributive property, yielding:

(2, ZVV,] = [#", 2|V, + Z"[#", V). (240)
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We commence by examining the first term on the right-hand side of Eq. :

(24, Z¥|V,,. (241)

To ensure the units are consistent, we introduce a constant « with units
[Length?/(Mass x Time)]. This gives us the commutation relation:

[##, Z¥] = ihagh”. (242)

This directly mirrors the canonical commutation relation between the four-
position operator z* and the four-momentum operator p, in standard quan-
tum theory, with zv interpreted as the canonical four-momentum conjugate
to #, scaled by the emergent extreme-field constant a.

By substituting Eq. (242) into Eq. (241]), we obtain:

[##, ZV|V, = ihag'V,,, (243)
and contracting the covariant derivative with the metric tensor yields:
[#", 2|V, = iaV*. (244)
In this analysis, we define ZF as:
ZM = ihad". (245)
We now turn to the second commutator on the right-hand side of Eq. :
ZV[#" V) = ZV(i"V, — V,di"). (246)

Substituting the differential form of Z¥ from Eq. (245)), together with the ex-

plicit covariant derivative, expands the operator commutator at the level of

abstract algebra. This expansion draws on the canonical commutation rela-

tions of quantum mechanics and the tensorial properties of general relativity,

treating the operators independently of any specific test function:
Z'[i",V,] = ihad” ("V, — V,i")

iha(0”z'V, — 0"V, a")

ha((0"3*)V, + 2*(0"V,) — (0"V,)it — V,(0"3"))

= tha(¢"™"V, + 2*(0"V,) — (0"V,)i" — V,¢g"")

iha(VF + 2#(0"V,) — (0"V,)z")

(VF + 21970, + 220" T, — 970,a" — (0"T*,)i")

(

(

N DO
=
oo
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iha(VH* + 240+ 2N ovTH) — Dt — (9°TH)3)
iha(VH + [, 00] 4 2%, 0" T",]).
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Under metric compatibility, expanding Eqs. - ) via the product rule
isolates the relevant contribution. Egs. 252f253 introduce Christoffel
symbols and their derivatives, allowing the d’Alembertian [J = 8“9, to be
identified, thereby yielding a non-trivial quantum geometry. Eq. - ) then
combines covariant derivatives and commutators, identifying the reciprocal-
space operator K* and the spacetime-geometry operator G as follows:

Kt = [2*,0]], (255)
G = [, 9'TH]. (256)

We define the metric-compatible tensor operator
U = 2VH 4+ KF + G, (257)

which unifies the covariant derivative V#, the reciprocal-space operator l@“,
and the spacetime-geometry operator G*. In this framework, the commutator
between the quantised spacetime coordinate and its quantum-gravitational
conjugate takes the simplified form

[##, 2"V ,] = ihaWH, (258)

Eq. is a cornerstone of the theory, encoding noncommutative extreme-
field behaviour and providing a natural quantum-gravitational regularisation
mechanism that resolves black hole singularities—a sharp contrast to clas-
sical metrics like the Schwarzschild solution in Eq. , whose r~! terms
diverge as r — 0, producing curvature singularities.

The quantisation of the metric tensor, established in Proposition [6] natu-
rally gives rise to the noncommutativity in Eq. when the spacetime op-
erator is restricted to the radial coordinate. From this, the metric-compatible
operator W# emerges. Assuming W* is bounded on the Hilbert space of
quantum-gravitational states, there exists a finite constant M—its operator
norm—such that

|wHVo| < M|V, vVe. (259)

This bound is mathematically underpinned by the Cauchy-Schwarz inequal-
ity, which guarantees that the action of U# on any finite-norm state cannot
diverge. Under this condition, the action of W* produces a well-defined state
with finite norm:

TRV £0, UV < o (260)
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This boundedness is crucial, as it ensures that all components of the metric
remain finite even at » = 0, thereby providing a regular, singularity-free
description of the black hole interior.

It is therefore essential to verify that the metric-compatible tensor oper-
ator W defined in Eq. is both non-vanishing and finite. This requires
analysing the combined contributions of the covariant-derivative term V#,
the reciprocal-space operator IC“ [Eq. - and the spacetime-geometry
operator G* [Eq. ([256))].

We first write the covariant derivative acting on a vector V7 explicitly,
including the factor of 2 appearing in Eq. :

VIV = 2g/V, V7 = 20"V 4 2g" T, V. (261)

Next, the action of the reciprocal-space operator on V7 is given by

Krve = [#* OV = #4979,V — 8”0, (#"V°) (262)
= #r9Y D,V — (870, )\V7 — 2(8i")D, VT — i1d" D,V = —20MV°.
(263)

Using the identities 0¥z = ¢" and 00,z* = 0, the term —2 0"V 7 appearing
in Eq. (263) is exactly cancelled by its positive counterpart in Eq. (261)).
Finally, the spacetime-geometry operator acting on V7 yields

GrVT = [}, VTV = 22 (9T Vo) — ¥ (T 2 V) (264)
=i (0"T)V7 + o L\(0°V7) — (ayrl;,\W)\VU - Flzf,\@yf/\) 5>\j)\ (0"V?)
(265)
= [#, (" Th) V7 + (27, Ty mae(9V7) = Ty, g™ V7 = (R =T, ™) V7.
(266)

The subscript “mult” denotes purely multiplicative commutators, which we
define as the reduced Riemann—Ricci operator:

A~

R = [ia)\a gpyaprlzjx]mult + [j:/\v FﬁA]mult gﬁyaﬁ- (267)

The action of Eq. (258) on a quantum gravitational state V7 can therefore

be explicitly verified by substituting Eqgs. (261)), (263)), and (266[). This yields
the explicit form of the metric-compatible tensor operator acting on V7:

VIV = 2gM TV 4 [ - Tl g |V (268)
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From the explicit forms of K* and G* (Eqs. (263)) and (266)), we find

14

TV £ 2TV (269)

which implies that Eq. is non-vanishing. Hence, the metric-compatible
tensor operator W# exhibits a non-trivial quantum-geometric structure. A
full demonstration that this structure satisfies Eq. —thereby resolving
the physical singularity by ensuring that W#V? remains finite at r = 0—will
be presented in a forthcoming paper. Nevertheless, a highly counterintuitive
feature emerges from the metric-compatible tensor operator U* in Eq. ,
together with the reduced Riemann-Ricci operator in Eq. . Here, the
inverse metric components g arise recursively from the metric, in conjunc-
tion with the Christoffel symbols I'7, and their derivatives 9,I'",. This recur-
sive operator-level coupling generates a nonlinear back-reaction among the
metric, its inverse, the connection, and the differential structure of space-
time. The feedback loop acts as an effective “infinite resistance”, preventing
the geometry from approaching classically singular configurations. This self-
regulating mechanism stabilises the spacetime and establishes the structural
basis for the resolution of physical singularities, formalised in Theorem

Theorem 3 (Self-Stabilisation of the Quantum Spacetime Differential Struc-
ture). Let g, denote the quantum metric operator from Proposition@ where
the radial operator and the speed-of-light operator satisfy the noncommutative
algebra of Eq. , with the spacetime operator restricted to the quantised
radial degree of freedom. In the extreme-field regime of black-hole interiors,
G, satisfies the implicit operator relation

g,uu = G (fa §a67 FZM aprl,j)\) ) (27())

thereby defining a closed, nonlinear operator system that couples the metric,
its inverse, the affine connection, and their derivatives. This relation ele-
vates quantisation beyond the metric alone to a quantum theory of the full
differential structure of spacetime. As ||g,.|| approaches classically singular
configurations, the coupled operators g°°, T%,, and d,I't'\ respond oppositely,
generating a stabilising seesaw mechanism that dynamically suppresses di-
vergences. This recursive hierarchy converges to a unique finite fived point
at which the metric is self-consistently determined—realising background in-
dependence—and all curvature invariants, including R and Rwﬁ”f"’, are
bounded operators, thereby providing intrinsic, non-perturbative reqularisa-
tion of black-hole singularities without cut-offs or ad hoc modifications.
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Remark 6 (The Physical Singularity as Temporal Collapse and the Ex-
treme-Field Seesaw as Temporal Opposition). In the classical Schwarzschild
solution, the radial coordinate becomes timelike within the black-hole inte-
rior (Eq. .' r < 1), enforcing an inevitable one-directional trajectory
toward the singularity—an inescapable moment in time. Theorem [3 shows
that extreme-field reqularisations permit a seesaw mechanism opposing this
collapse, yielding finite fized points consistent with Subsection[{.d, where ex-
treme points of Hermiticity arise as conditional solutions to the Hermaitian
quantum-gravitational conjugate equations (226))—(236|), supporting the con-
servative structure established in Remarks 1l and Theorem [Q. This mech-
anism may also underpin the negative-enerqy anti-eigen flux identified in
Subsections and[3.5, describing entities that propagate backward in time,
evading the singularity and tunnelling through the quantum-corrected horizon.

To illustrate the seesaw regularisation mechanism from Theorem |3 and Re-
mark [0} we now demonstrate that the expectation value of the Ricci scalar—a
fundamental curvature invariant—remains finite in all physical states.

Proposition 12 (Boundedness of the Ricci scalar expectation value). In the
extreme-field regime described by the quantised Finstein equations (58|), and
under the assumptions of Proposition[q and Remark[1}, the expectation value
of the Ricci scalar operator R is finite in any physical state for which the
stress—energy expectation values are finite. Explicitly,

[(R)] < o0. (271)

Proof. We begin with the quantised Einstein field equations, as detailed in
Remark 3]

A ~

. 871G
Ru = S 0wBR=rT0, K= T

(272)

ct
Given that, in the extreme-field regime, classical quantities are reinterpreted
as operators acting on a common Hilbert space (as established in Section ,
contracting Eq. (272) with the inverse quantised metric ¢ and invoking
the operator invertibility condition §**g,, =1 (Eq. ), whose trace in 4D
spacetime equals 4, yields

R—-2R=kiy"T, = R=-rT, (273)

where the trace operator is defined as T’ = g’“’TW. Eq. (273) is therefore an
exact operator identity derived directly from the quantum Einstein equations,
with no approximation involved.
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Now consider an arbitrary physical state |¢). By Proposition , Remark ,
and Theorem together with the aforementioned quantum gravitational
noncommutative algebra derived in this subsection, the operators g"” possess
bounded expectation values. That is, there exist constants C), such that
[(g")| < Cy for all p, v.

Moreover, in any physically admissible state, the expectation values of
the stress—energy tensor components (TW) are required to be finite—a stan-
dard consistency condition in quantum field theory, where renormalisation
guarantees finiteness. It follows that there exist constants D,, such that
(T,,)| < D,,. This conclusion is supported by Remark [3 (see Eq. [66)).
which shows that the stress—energy tensor, when expressed as a functional
of the quantised metric, is inherently finite for a finite quantised metric, as
demonstrated in Theorem Bl

To estimate (T), we address the operator ordering in the product g“”TAW
by adopting the symmetric (Weyl) ordering Sym [162]. This prescription
maps real classical products to Hermitian operators, thereby ensuring real
expectation values. Applying the triangle inequality for operator norms,
()] = [(Sym (5" Tow))| < [[Sym (5" )|, < 3 _ll5™ |

op —
v

op T#V”()p < 0.

(274)
The finiteness of the operator norms follows from boundedness in the extreme-field
regime, as established in Proposition [2, Remark[I] Remark[3] and Theorem 3]
Applying the trace relation (273)) together with the bound (274]) yields

(R)| =k [(T)] < c0. (275)

Consequently, the expectation value of the Ricci scalar remains finite in all
physical states, including regimes where the classical curvature would diverge.

Higher-order invariants (e.g., (R, R*"), Kretschmann scalar) can be anal-
ysed similarly via metric-Riemann combinations, but a complete treatment
requires specifying the quantum state and is reserved for future work. O]

Remark 7. Future work will also investigate whether Einstein’s constant
k = 81G/ct acquires an operator character in the extreme-field regime, with
1/¢* promoted to C* in accordance with Proposition @.From Eq. , the
wverse squared speed-of-light operator expands perturbatively as

_ C%Z(-W (Z;V“> . (276)
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Introducing the dimensionless operator € = Z*V,/c*, the expansion of C~*
follows directly as

o1 1 — 1 1S
=) (G =5 —42 Y+ 1)e (277)
:0 :

Truncating this series at order 7 = p and defining kP as the perturbative
correction term from FEq. (multiplied by 8nG), the right-hand side of
Eq. becomes the classical stress-energy tensor augmented by perturbative
extreme-field corrections:

R TW K Tlf,l/“smal + KPTHemm 4 O(e”™) + cross terms. (278)

Considering the Einstein tensor operator GW —the left-hand side of Eq. —it
depends purely on the metric tensor and encodes the spacetime geometry. Fx-
panding the quantised metric into a classical part plus quantum corrections,
as explored in Eqgs. , , and , yields a decomposition into a
classical component with extreme-field operator-valued corrections:

A ~ (classical uantum

G~ G + G} fum. (279)
Together with Eq. (278)), this recovers the classical Finstein field equations
(Eq. ) augmented by extreme-field quantum corrections, in full consis-
tency with the quantised formulation established in Remark [3

Our attention now turns to the constant factor ¢ha, and in particular
to the unique extreme-field coupling a—a quantity that encapsulates fun-
damental quantum-gravitational effects. Dimensional consistency requires
a to carry units of [Length?/(Mass - Time)]. Within the non-perturbative
extreme-field framework of the primordial Planck black hole (PPBH), « can
be expressed in terms of the fundamental Planck units: the Planck length
lp1, Planck time tp), and Planck mass Mp, defined as [83),118,[128]:

hc
lp = \/ a0 =5 c5’ Mp, = (280)

Accordingly, o adopts the Planck unit combination [Planck Length2 /(Planck Mass-
Planck Time)], yielding

(3

M Pl tpl he hG
AV G \/ &

(281)

o =



Eq. (281) relates the dimensional constant o to G and ¢, encoding the fun-
damental spacetime properties of extreme-field physics. The commutation
relation between Z¥V, and z* then takes the form:

(&, Z2VV,) = z?w. (282)

A comprehensive quantum-gravity framework, however, requires extend-
ing beyond Riemannian geometry to incorporate intrinsic non-metricity, i.e.,
Vaguw # 0 |47,77,[81]. In this setting, the commutator of the quantum-
gravitational conjugate—written as Z,V" to avoid explicit dependence on
the inverse metric and z#—takes the form:

) h
i, 2,9 = iGN (283)
C

where Z#—the non-metricity quantum-gravitational operator generalising W#
from Eq. (282)—includes non-metric effects and additional corrections, com-
pactly denoted N#, which may arise from

hG
81,57“ == (55’ + @lj) T + Constant, M[guy7 V,\g,w, g,w/VML (284>

where €4 denotes an extreme-field correction, along with a constant term
and the metric-dependent functional M|g,.., Vaguw, 9,,, V*], encoding quan-
tum-gravitational effects from non-metricity and non-Riemannian geometry.

Using Eqgs. (243))(249)) within the primary commutation relation of Eq. (240)),
the action of Z* on a test function f can be explicitly examined, yielding:

Elf=VIf+(0,2")VYf+ 240, V") f + 2"V, (0, f) — (0, V")a! f — V¥ (0,2") f — VY2H(0, f)
(285)
_ (v“ [, 0,V ot + [, V”]mult&,> f. (286)

A key feature of Eq. is that it provides a consistent generalised ap-
proach to the singularity problem, treating black-hole cores as intrinsically
non-Riemannian within a non-metricity geometry. The non-metricity opera-
tor = (equivalently N*) acts on a quantum-gravitational state f = f(g,,) in
a highly non-trivial manner, reflecting the enriched differential structure of
spacetime and encoding its quantum-geometric properties—thereby support-
ing the resolution of the classical singularity through the self-stabilisation of
the quantum spacetime, as formalised in Theorem [3]
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Another feature of the non-metricity model is the annihilation of quantum-
gravitational states at the boundary between extreme and classical fields (re-
call Eq. (237)). This arises from the intrinsic properties of these states. For
a black hole, the boundary is the horizon, yielding the condition

lim V,,|¢) = 0. (287)

r—Ts

Within this model, which strictly enforces the non-metricity condition
v)\g:y # O? (288)

the metric g, characterises the extreme-field regime. Since quantum-gravitational
states depend explicitly on the metric and its derivatives, the covariant
derivative does not annihilate them in this regime:

Viuld(gag)) = 1im V,|¢(gas)) # 0. (289)

T—Ts

At and beyond the horizon (r > r,), the metric becomes metric-compatible,
restoring classical Riemannian geometry. In this regime, the covariant deriva-
tive annihilates quantum-gravitational states:

11II1+ v#|¢<gaﬂ>> =0, (29())

T—Ts

capturing the extreme—classical transition within non-metricity.

Finally, we examine more deeply the coupling constant o = G /¢ (Eq. (281)),
introduced in Eq. ) The commutation relation Eq. (comprehen-
sive form Eq. ) predicts that in the extreme-field regime, o encodes the
fundamental interplay between quantum mechanics and gravity. Yet a = G/c
captures only basic gravitational coupling—a partial description. A com-
plete framework, particularly in extreme-field regimes, requires promoting «
to a running coupling «(u), which is justified by the Hermiticity condition
for the quantum-gravitational conjugate: this demands that a emerge as a
constant modulated by a differential operator, as proposed in Proposition
(Eq. (45)). To avoid conflict with Eq. (242), this condition is mitigated by
rendering it coordinate-independent in Subsection (Eq. (230)), where the
operator structure remains satisfied for ag = G/c with 0, as a scale operator:
its action on a quantum-gravitational state generates the effective running
scale, captured by the dimensionless coupling Q(x). In direct analogy to the
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renormalisation-group running of gauge couplings [52,63},/68], we therefore
propose the running coupling

o) = W (291)
where Q(u) captures the effective unified quantum-gravitational running,

Q1) = hlag(p), (), cve(pa), s (i) (292)

The function h encapsulates the mutual running of the dimensionless gravi-
tational (ay), weak (ay,), electromagnetic (c.) and strong (a;) couplings.

The running coupling «(1) defined in Eq. provides a unified descrip-
tion of the fundamental interactions at the Planckian limit, where a single
symmetric framework is believed to merge the four forces. This unification
is signalled by the convergence

Qg Ry =05 = e ~ O(1), (293)

rendering the forces effectively indistinguishable. Subsequent cosmic inflation
broke this symmetry, leading to gravitational decoupling as ag became expo-
nentially attenuated relative to the quantum gauge couplings. Consequently,
gravity was rendered negligible at quantum scales, its influence confined to
macroscopic domains while the other forces govern particle interactions.

At the Planckian extremisation threshold, the universe enters a state of
extreme negentropy wherein quantum fluctuations freeze, and the primordial
Planck black hole crystallises as a deterministic state—initiating the extrem-
isation phase transition of Subsection 3.7, The onset of the classical regime
then restores the constancy of the speed of light:

C— e (294)

Following the extremisation phase transition, in the low-energy regime
i — 0, the quantum gauge couplings approach their reference values, while
the gravitational coupling vanishes:

m as(p) = as.

}}L% ag(:“) = O? }Ll_% O‘U)<:U') = Quy, }}i}% ae(:u) = e, }}_)0
(295)

Consequently, the unified coupling itself vanishes,

. G ..
lim a(p) = — lim Q(k) =0, (296)

signalling complete gravitational decoupling and the emergence of the four
distinct forces from their primordial symmetry.
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4.4 The Extreme-Field Equation

The extreme-field equation generalises the energy-momentum dispersion re-
lation in curved spacetime to describe black-hole extreme-field dynamics.
In curved spacetime, the invariant mass formula is expressed as [11,110]:

m?c® = —g"'pupy, (297)
which can be expanded to:
mQCQ — _gOOpg o gmpzpz (298)

The temporal component of Eq. (298)) corresponds to the energy:

FE
p=-=. (299)

The spatial component corresponds to the spatial momentum vector p;, which
its magnitude can be written as follows:

pipi =P’ (300)

Substituting Egs. (299) and (300]) into Eq. (298)), and incorporating energy
considerations, we scale the expression by ¢?, yielding:

mct = —gWE? — giic?p?. (301)

At the Planckian extremisation threshold, the Primordial Planck Black
Hole (PPBH) attains an unstable yet deterministic state—a coherent configu-
ration emerging from the coalescence of discrete extreme quantum states into
a single continuum-like structure. This deterministic configuration naturally
provides the primordial seed for cosmic emergence.

To elucidate this behaviour, we consider, for a discrete extreme excitation
state, the operator analogue of the curved-spacetime invariant-mass relation,
Eq. . In this formulation, the metric tensor and the speed of light
are promoted to the non-perturbative operators 7#* and ¢ , respectively, as
established in Propositions [] and [6}

m?C? = " Pupy. (302)

By analogy with the preceding derivation, the operator form of Eq. (301])
reads R ) R
m2c4 — —jOOE2 _ C2j”f)2- (303)
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The energy contribution is accounted for by rearranging Eq. (303)) into
its expectation-value form:

(-582) = (@97 4 me (7). (301)

The quantity <—j’00|§2> is thus interpreted as the squared energy of an

extreme-field excitation state, denoted U?. This energy is assumed to com-
prise three contributions: the vacuum ground-state fluctuation e, the virtual-
particle energy V', and a universal parameter u encompassing any further
sources. Accordingly, we define

<—500E2> =U=V+etu (305)

Consequently, upon identifying O = 7% as the spatial oscillator operator,
Eq. (304) can be reformulated as

= (2 0p%) + m?(cH). (306)

Using the explicit form of Eq. (305)), the extreme-field equation, Eq. (306)),
can be rewritten as

(V+etu)?= <é? O p2> +m2(CY). (307)

We now substitute into Eq - ) the non-perturbative operator speed of
light, C, defined in Eq. and incorporating the quantum-gravitational
conjugate that characterlses the full non-perturbative quantum-gravity dy-
namics. This substitution yields:

(Vtetu)” = <(\/ ¢ + Z“Vuf O ﬁ2>+m2 <(\/c2 - Zuv#)4> . (308)

Simplifying the squares and fourth powers:
(V4 etu)?= <(02 +2'V,) O p2> +m? <(c2 + Zuvu)2> . (309)
Next, expanding the right-hand side:

(V4etu)? = 2O p)+(2°V, O P2 +m2c+2m>cH(ZMV ) +m2((Z1V ,)?).
(310)
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Expanding the LHS and rearranging the RHS, one gets:

V24 @+ +2Ve+ 2Vu+ 2eu = 2 Op?) + m2¢!

+ <Z“VM 55132> + 2m202<2"vu> + m2<(Z“VM)2>.
(311)

For real particles, the on-shell energy-momentum dispersion relation satisfies:
H? = 2 Op?) + m?c. (312)

Thus, considering virtual particles with energy V', the energy of the vacuum
ground state €, the universal parameter u and real particles with on-shell
energy H, Eq. (311)) can be reformulated as:

Vi@l 42V et 2Vut2eu = HAH(ZPV, Op*)+2m2 (2P ) +m>((Z1V ,)?).
(313)
Next, we write Eq. (313) in the explicit quantum operator form:

V24240242V e 2Vi4-260 = H* 420V, O (ihV )2 +2m* 2 20V ,+m2(Z2'V )2,
(314)

where V2 is the Laplacian operator. Using the quantum momentum operator

1hV, we proceed to move H? to the left-hand side of Eq. as follows:

Vi H2 441242V e 2V 2eh = —h2 21V, OV 42m2 2 2PV +m?( 2V )2
(315)
In quantum gravity, the extreme field ®¢ is a scalar field incorporating
couplings to curvature, gauge fields, quantised geometry, and extreme non-
commutative quantum-gravitational effects. Its most general expression is

D = B(6, {bi}, X), (316)

where ¢ is the classical scalar, {b;} encodes internal degrees of freedom (basis,
gauge, quantum states), and X subsumes further extreme unspecified con-
tributions. Within this framework, the covariant derivative acquires deeper
meaning: in classical general relativity, V, describes the evolution of vec-
tors and their basis, but for the extreme field ®¢ it is elevated to a tenso-
rial operator @u governing field propagation and internal structure—Dbasis,
couplings to quantised geometry, and field-spacetime interplay. Its action
on the extreme field is central and must not vanish at the extremisation
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phase transition, where the non-perturbative evolution of the PPBH’s inter-
nal structure drives boundary term preservation—forming the foundation for
the quantum-gravitational jerking, as established in Subsection [4.5]
Consider now the Primordial Planck Black Hole (PPBH) and the evo-
lution of its extreme states, depicted as a lattice of fluctuating spacetime
points. Inward-pointing arrows represent the positive-energy eigen-Hawking
radiation flowing toward regions of increasing curvature, while the negative-
energy anti-eigen flux propagates in the opposite direction, escaping through
the quantum-corrected horizon. At the Planckian threshold, an extremisa-
tion phase transition becomes inevitable: the PPBH recoils suddenly—the
quantum-gravitational jerk—propelling it toward a large-scale structure. A
fundamental condition for this transition is that the extreme field must not
vanish at the boundary, owing to the non-perturbative eigen back-reaction
of the field upon itself. This ensures that inflation follows inexorably.
Building on this picture, we now apply Eq. to ¢ (Eq. (316]), which

encodes the non-perturbative extreme-field physics that drives it:

[\72 —HP @422V 2V + Qéﬁ} D = [—hzZﬂvubvz +2m2P 21V,
R A (317)
We characterise the difference (V2 — H?) in Eq. (317) as follows:
W2 =V? - H?, (318)

where 202 denotes the operator corresponding to the squared extreme-field
energy gap. Therefore, Eq. (317) can be reformulated as:

|92 & i 2V + 2Vt + 26| B = |B224V, V2 4 20220V, + mA( 21V, @

(319)
One might define the intrinsic interaction terms on the left hand side as:

T=Veé+ Vit él. (320)
Recalling the definition of the quantum operator Z* from Eq. (245)), we can
reinterpret the quantum gravitational conjugate as:

7'V, = ihad"V, = O"P, = F. (321)

We define the quantum-gravitational momentum operator P, = ihaV,. By
analogy with classical mechanics, where force is the time derivative of mo-
mentum, we introduce the conjugate force term F = 0#P,. Egs. (320
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and (321)) then allow Eq. (319)) to be recast as:
[Qiﬁ Lty 2i] b = [—hQJ:"VQ +om2AF + mAF?| de. (322)

Consequently, the left-hand side of Eq. constitutes a composite sys-
tem comprising the vacuum, virtual and real particles, a universal parameter,
and all interaction terms. This system encodes complete information about
the nature of a physical entity, which motivates the introduction of a quiddity
operator, Q. The term quiddity denotes the inherent essence or “whatness”
of an entity; here the operator encapsulates the essential nature of the created
state. We define the quiddity operator as:

Q=W+ &+ 12+ 27T. (323)

The right-hand side of Eq. (322)) describes the intrinsic quantum-gravitational
geometry of the system, represented by the quantum-gravitational geometric
operator G, defined as:

G = —R2FOV? 4 2m*EF + m2 F2. (324)
Using the quiddity operator Q from Eq. (323) and the quantum-gravitational
geometric operator G from Eq. (324]), we recast Eq. (322) into its final
form—the extreme-field equation. This equation governs the emergence of an

entity whose properties are dictated by the quantum-gravitational geometry
encoded in G. We thus obtain:

Q ®s =G Ps. (325)

Eq. represents the compact formulation of the extreme-field equa-
tion: the entity generated by the action of the quiddity operator on the
extreme field is intrinsically linked to a unique geometry encoded within the
quantum-gravitational geometric operator. This equation therefore estab-
lishes that every physical entity possesses a distinct quiddity, fundamentally
tied to its underlying quantum-gravitational geometry. Consider, for ex-
ample, a physical entity A: when produced via the action of the quiddity
operator on the extreme field, it acquires a unique geometric signature that
emerges from the action of the geometric operator on the field—a defining
hallmark of its quiddity that distinguishes it from all other entities. Should
two entities, B and A, share precisely the same geometric signature, they are,
in essence, the same unique entity. Within the non-perturbative framework,
the equation thus implies a singular cosmic origin: the Universe emerges from
a single Planckian state—mamely, the primordial Planck-black-hole geometry.
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4.5 The Quantum-Gravitational Jerking

Building on the Planckian extremisation threshold (Subsection [3.7), we ex-

amine the extreme-field equation Eq. (325]) (explicitly given in Eq. (322)).
At this threshold, primordial negentropy is extremised:

AS <0, (326)

giving rise to the Primordial Planck Black Hole (PPBH)—a deterministic yet
unstable Planck-scale state. This configuration drives an extremisation phase
transition that underlies cosmic emergence. The transition is characterised
by three physical limits:

lim (6% +12)de ~ 12Dg, (327)
AS——o0
. \~D o
A,Sll—{riooan P =0, (328)
JJim TPl (329)

Eq. governs the extremisation of primordial fluctuations—particularly
those within the PPBH—yielding a deterministic configuration at the Planck-
ian limit. This state is intrinsically unstable due to the infinite resistance to
singularity formation established by Theorem[3] The extremisation condition
further entails Eq. , signifying the dominance of the universal param-
eter it and the effective suppression of the vacuum contribution. Eq.
implies an additional consequence: the extreme-field energy gap vanishes at
this threshold. Virtual particles thereby become real, precipitating an in-
evitable transition to a causal, non-Planckian regime. From the definition of
the squared energy-gap operator in Eq. , this condition yields

V=M (330)

Extreme-field excitations (virtual particles) thus converge toward a classi-
cal state analogous to real particles. This transition marks an unstable
ordered Planckian configuration—one that behaves deterministically rather
than probabilistically. Condition signals that primordial universal in-
teractions have reached an extremised tipping point, whereupon their nature
fundamentally changes. Interactions cease, leaving the PPBH core as an
ordered Planckian energy-density state, with an intrinsic non-perturbative
pressure P maximised beyond gravitational-collapse thresholds.
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A pressure gradient in this unstable state results from the seesaw-like
mechanism generating infinite resistance to singularity formation. This re-
coil—the inverse of black-hole formation and, equivalently, of Page-curve dy-
namics (Proposition —reverses the entropic arrow. Whereas conventional
collapse requires gravity to overcome outward pressure, the non-perturbative
regime at the negentropic Planckian limit reverses this process (Theorem .
As criticality is approached, the non-perturbative outward pressure exceeds
the inward gravitational collapse force, triggering a violent recoil that initi-
ates the universe’s emergence. Classically, this jerk limit corresponds to the
condition

Pout > Pin, (331)

where P, denotes the outward Jerk Tremendous pressure and P, the effec-
tive inward gravitational pressure (which may approach the Planck pressure).
This inequality defines the critical threshold for the jerk event, thereby re-
versing gravitational collapse and seeding the creation of the universe.

Consequently, the inverse black-hole formation mechanism—embodied in
the invertibility of Page-curve dynamics—physically interprets cosmic gene-
sis within extreme field theory, realised via the quantum-gravitational jerk-
ing mechanism. Modelled by a decoupling jerk operator [J acting as the
inverse of Z" in Z“Vu, this mechanism disentangles the quantum and grav-
itational sectors: quantum dynamics remain confined to the Hilbert space,
while gravity emerges classically through a purely classical contribution. This
decoupling catalysed the Jerk Tremendous—the recoil that drove rapid in-
flation—suggesting the form

J =V, A% (332)

A key requirement is the selective separation of classical and quantum
effects by the decoupling jerk operator. On the first-order conjugate Z*V,,,
it suppresses quantum contributions, leaving a classical gravitational term
with residual quantum corrections. On the second-order conjugate (Z "V,)?,
it generates purely quantum phenomena confined to the Hilbert space. This
behaviour is formalised by the decoupling relation

ArZY = g™ @, (333)

establishing that A¥ inverts 2V, yielding a purely classical contribution.
To further elucidate these properties, we now revisit the operator form of

ZM" from Eq. (245)): A
4 = ihad*, (334)
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The decoupling relation in Eq. (333) necessitates that the operator At act
as the inverse of Z#, which we express mathematically as:

GTAr = (7)1 (335)

The inverse (Z#)~! is dictated by the structure of Z# itself. As a first-order
partial differential operator (Eq. - its inverse A* must reverse the action
of Z" on any function f. This action is expressed mathematically as

of

ZFf = ihogh ==
f =1ihag D

(336)

The operator A* must therefore satisfy A“ZH f = Gf. Using the covariant
form Z,, = ihad, from Eq. (334]), this condition becomes

A¥ (ihad,) f = Gf. (337)

This implies that Ar must invert ZH, i.e., act as an integral operator that
undoes differentiation. We therefore propose an operator of the form:
p G
At = —i— [ dx*. 338
e (338)
To verify Eq. (333)), we apply AP to Z¥ f. Using the definition of A* from
Eq. (338), we obtain

ALV f = i / da” (zha g""aa i) N G/ da' g9, f. (339)

Treating the integral as indefinite and integrating by parts gives
wzf =6 (s [ @07)7+0). (340)

with g f as the boundary term, the integral capturing metric variations,
and b* arbitrary constants independent of the integration variable.

It follows that the decoupling relation is globally satisfied if and
only if the first term—the boundary term—in Eq. survives while the
others vanish. In quantum field theory, however, boundary terms are conven-
tionally taken to vanish under the assumption of sufficiently rapid field decay
at infinity |[102]. Adopting this assumption, each term in Eq. would
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individually vanish: ¢"f — 0, the metric-variation integral decays during
extremisation, and the constants b* vanish. Eq. would then reduce
identically to zero, thereby contradicting the requirement of Eq. (333).

The necessary condition for resolving this contradiction is that the bound-
ary term must not be assumed to vanish—thereby contravening the standard
convention of quantum field theory. This condition obtains when the system
is open or dynamically coupled to its boundaries [88]. In our framework,
we mirror this by requiring that the emerged unified state of the PPBH
evolve at the boundaries, i.e. V,®¢ # 0, thereby contravening the freez-
ing of quantum-gravitational states at the boundary established in Subsec-
tion (Eq. (237)). This condition is justified in Subsection (Theo-
rem (3) and is physically realised as an effective infinite resistance that pre-
vents the extreme Planckian configuration from collapsing indefinitely to a
singularity; consequently, the field admits significant evolution via an intrin-
sic non-perturbative eigen back-reaction. This is precisely the extremisation
phase transition, wherein the non-vanishing of boundary terms—as discussed
in the context of correlation functions—constitutes the very origin of the
transition [136].

Should the boundary contribution in Eq. survive as the intrinsic
origin of the extremisation phase transition, the quantum-gravitational jerk-
ing mechanism thereby satisfies the decoupling relation of Eq. , marking
the onset of full decoupling of quantum gravitational effects.

The quantum-gravitational jerking mechanism is therefore established as
the natural mechanism explaining the non-perturbative extreme evolution
of the universe’s origin—from the unstable Planckian state of the Primor-
dial Planck Black Hole to a non-Planckian classical structure. Physically,
we interpret this jerk as the action of the decoupling jerk operator on the
quantum-gravitational conjugate, thereby suppressing quantum effects and
giving rise to asymptotically free gravitational contributions. Within the
compact formulation of the extreme-field equation, Eq. , this conjugate
is encoded in the quantum-gravitational geometric operator G (defined in

Eq. @I9)) as
G dg = (—hQZ“VuéV2 +2m2E 21V, + m2(Z“VM)2> Be.  (341)

Applying the decoupling jerk operator, defined in Eq. (332), to Eq. (325))

elucidates the physical implications of the quantum-gravitational jerk:

J Qe =T G ¥ (342)
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With G explicitly given by Eq. (341)), we obtain:
T Q@ = T (~122"V, OV + 23 L1V, + m(24V,)?) @5, (343)
Central to the proposed formalism, the decoupling jerk operator is defined
by Eqs. (332) and (338) as
G
=—i—V, [ da*, 344
J “ha / v (344)
while Z* (Eq. (245))) is given by Zr = ihadr.
The quantum-gravitational jerking thus takes the explicit form:

hQ;ﬁ(iha)Vw / Az o"(V ,OV2Dy)

J (—thA“VMéVQ +2m2P 21V, + mQ(Z“VM)2> O, = -

 (iha)(2m2?) V., / A0 (V D)

_
a
G 2 w “w 2
—iz—m Vo [ dz¥(Z"V,,) Pe.
(345)

We first consider the first-order quantum-gravitational jerking, repre-
sented by the first two terms of Eq. (345)), which depend linearly on the
quantum-gravitational conjugate Z*V . Introducing

fu=V, OV, h, =V, 0, K= (2m* - 1), (346)
Eq. (345)) can be rewritten as
j( — R2ZMV V2D + 2m2c22“vuq>g) = —h2GV,, / dz® 9" f,, + 2m**GV,, / dz® O"h,,.
(347)
Applying Eq. (340]) yields
—h*GV,, (g“’“ fu— / dz” (0,g“") fu) + 2m2GV,, (gw“hu — / dx“(@wg““)hu> + KV,,b*.
(348)

We reaffirm the fundamental requirement of the quantum-gravitational
jerk: the boundary terms must not vanish—they persist as the origin of
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the extremisation phase transition, thereby partially fulfilling the decoupling
relation of Eq. (333]). Physically, this requires that the unified PPBH state
evolve significantly, exhibiting infinite resistance to singularity formation,
which is equivalent to the field acting non-perturbatively upon itself via an
eigen back-reaction during the transition, as established in Theorem [3]

For Eq. to be fully satisfied, the constants b* must vanish under
covariant differentiation, while the subleading terms 0J,¢“* decay. These
h%-scaled decaying contributions, denoted @, are incorporated into the dy-
namical Cartan field (Eq. ) as signatures of early-universe dynamics.
The survival of the boundary terms emerges as the indispensable condition
for the decoupling relation and, consequently, for the onset of inflation.

With f, and h,, defined in Eq. , the first-order quantum-gravitational
jerking follows from its strictly boundary contributions in Eq. :

T (~12"V, OV s + 2321V, 05 ) = ~PGV., (¢'V,0V?) @s + 2m*3GV,, (9°'V,) O
(349)

= —R2GV,(VYOV?)De + 2m2 GV, VD
(350)

The product rule applied to the first term gives

WGV, (V*OV?De) = —HG[(V,V*)OV2De + V¥(V,0)V20s + VO ({V,, V2}d;)].
(351)

Employing the curved-spacetime d’Alembertian operator [61],
0= V¥V, (352)

and substituting Eqgs. (351)) and (352)) into Eq. (350)) yields
G [(D)OV? + V¥(V,0)V? + VO ({V,, V2})] @¢ + 2m**GLDs.

(353)
The curved-spacetime Klein-Gordon equation reads [61]:
(dg = m;CZ . (354)
Substituting this into Eq. yields
—RG OOV + V¥(V,0)V2 + VO ({V,, V2})| s + QGZf‘A Be. (355)
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We now consider the third term in Eq. (345]), which governs the second-order
quantum-gravitational jerking. Employing Eq. (343) together with the quantum-
gravitational force operator F = Z*V, from Eq. (321)), we obtain:

J <m2(2“v#)2<1>5) = M2 FFde. (356)

Using the identity J F=F J+ [T, ]:_] to account for operator noncommu-
tativity, we rewrite Eq. (356]) as

m2IFFOe = m*FTFOe +m?[T, F|F s (357)
. G 20 7

=m2Z'V,, (—za) (iha)V, / dz?0"(V,@¢) +m?[ T, F|F e

(358)

=i haGm?q ®¢. (359)

In Eq. (359)), the common factor iiaeGm? has been extracted from both terms,
and the operator ¢ is defined abstractly so as to incorporate the remaining
operator-valued structure of the equation.

Combining Egs. (355 and therefore gives the expression for the
quantum gravitational jerk operation:

h2
— RPG[OOV? 4+ V*(V,0)V2 + VO ({V,, V*})] ¢ + i haGm?§ de.
(360)

. . . R 2 4.4
J (—hQZ“VMDVQ +2m2P 2V, + m2(Z“VM)2> b = ( Gm’c ) e

Analysis of Eq. reveals that the first two terms are real, while the fi-
nal term remains imaginary owing to the factor i. The quantum-gravitational
jerk thus yields both real and imaginary contributions. Among the real com-
ponents, the first scales as 1/h?, enabling growth away from the quantum
limit; it therefore governs gravitational dynamics and possible inflationary
mechanisms. The second real component (scaling with h?) together with the
imaginary term, which scales as h*™ (with ¢ arising from ¢ and the Planck-
ian mass in Eq. contributing an additional i from its square), encap-
sulates purely quantum phenomena. During the extremisation phase transi-
tion, this separation becomes manifest: gravitational effects emerge into real
spacetime, while quantum effects remain confined to the Hilbert space. Em-
ploying the definition of the quantum-gravitational geometric operator from
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Eq. (341)), the quantum-gravitational jerk operation can be expressed as:
J G Oe = (B+ik) D, (361)

where 3 (0 is the initial letter of the Greek term BopUtnta, meaning 'gravity’)
and R (k is the initial letter of the Greek term »Bovtixdc, meaning 'quan-
tum’), correspond to the real and imaginary components, respectively. The

real component, 3, which pertains to gravitational effects, is formulated as:
2G'mict A " . e
— - RG[OOV? + V¥ (V,0)V? + VO ({V,, V*})]

(362)
Likewise, the imaginary component, &, which is associated with quantum
effects, is given by:

Bd, = Re [j@cbg} _ {

A Op = Jm [j@@g] — haGm?j ®e. (363)

Combining Eqs. (362), (363)), and (342) delivers the quantum-gravitational
jerk of the primordial extreme-field quiddity:

T Q @ = Re [JGO| +1Tm [7Ge| = (B+1 &) ®e. (364)

Eq. (364 - —the Equation of Creation—describes the quantum-gravitational
jerk as a key trigger for decoupling gravity from the quantum realm. The
second real high-derivative component of B (scaling with h? in Eq. .
resides in the gravitational domain, as quantum-gravitational effects persist
into the Planckian regime preceding the Jerk Tremendous. Complete de-
coupling is governed by the attenuation energy scale p and the departure
from Planckian limits. As established in Subsection E 4.3| (Egs. -
the extremisation phase transition drives couplings away from the Plancklan
limit, attenuating the unified interaction. Decoupling proceeds: the first real
term of B scaling as 1 /h?—becomes stable and non-Planckian. With the
PPBH mass being Planckian, m$, = h?c*/G* (Subsection [4.6, Eq. (367));
devoid of the unified coupling, it persists as a constant. The Planckian real
terms (scaling as A?) and the imaginary component & (scaling as 427), which
retains the unified coupling, vanish. This asymptotic limit thereby achieves
the definitive decoupling required for cosmic genesis, now described solely by
an intrinsic constant of creation:

2¢8
lim Ll}gl j@q’g} = lim L{{%(ﬂ + m)@s} ~ 5 e (365)
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4.6 The Tremendous Inflation

Cosmic inflation theory describes an early epoch of exponential expansion
that smoothed the geometry of the early universe [69)/100]. Within ex-
treme field theory, inflation emerges from the collective dynamics of B and
R in the creation equation (Eq. @), derived directly from the quantum-
gravitational jerk (Subsection @ .

To elucidate the inflationary mechanism, we first examine the constant
term in Eq. , which embodies purely classical phenomena at the extrem-
isation threshold. Governed by B, this term dominates the classical inflation-
ary epoch and is essential for understanding both the universe’s tremendous
expansion and subsequent structure formation. This asymptotic dominance
follows from Eq. . The constant term is defined as:

= . (366)

This constant J is henceforth referred to as the constant of creation. At the
Planckian extremisation threshold, the mass term m in Eq. (366) is identified

with the Planck mass of the primordial Planck black hole, Mp, = \/% =

2.176 x 1078 kg. To elucidate the physical significance of this fundamental
constant, we replace m with the Planck mass Mp, and substitute the standard
values: the speed of light ¢ = 2.99792458 x 10®m/s, the reduced Planck
constant h = 1.0545718 x 1073*J - s, and the gravitational constant G =
6.67430 x 10~ m®kg's~2. This substitution yields the following expression:

C2GMBet 2G(F)*t 28 (2)-(2.99792458 x 108 m/s)S 0 175
R R G (66743 x 107" mdkg 's2)
(367)

The result from Eq. has dimensions of [Energy x Acceleration], analo-
gous to Newton’s second law F' = ma. By this correspondence, we identify
the derived constant as 'Newton’s Universal Extreme Force’ (Fnugr). Nor-
malised by ¢, it yields a constant with dimensions of mass times acceleration,
whose magnitude is 2.4 x 10* N—exceeding all known physical forces. This
colossal force could have driven a primordial acceleration A of the Planck
black hole field immediately following the Jerk Tremendous, making Fnugr
a primary driver of cosmic creation. The force is quantified as:

2G M3, 2t
Fanugr = % - MPITPIC = Mp A = % — 2421 x 10N, (368)

J
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It is instructive to compute the outward pressure corresponding to Newton’s
Universal Extreme Force, Eq. (368)), by dividing it by the Planck area (3,

(where I3, = hG/c® = 2.6121 x 10~ m?) [83]. This defines Pascal’s Universal
Extreme Pressure:

FNUEF 2.4 x 1044 113
Ppurp = - — 9.266 x 10"3 Pa.
PUEP = 5 = = 5g1a] x 1070 200 x0T Ea (369)

Comparing this value with the Planck pressure,

7

_ ¢ _ 113
Pp = e 4.633 x 10°*° Pa, (370)
we find
]P)PUEP > Ppl. (371)

This inequality signals inverse gravitational collapse and opposition to singu-
larity formation, in agreement with Theorem [3} Pascal’s Universal Extreme
(outward) Pressure surpasses the inward Planck pressure of the primordial
Planck black hole. At the extreme negentropy threshold, this pressure gra-
dient triggers the Jerk Tremendous—a violent recoil that ejects the system
from the Planckian regime into a large-scale, non-Planckian structure.

Building on this foundation, we may reinterpret the constant of creation
J in Eq. (366) at a deeper level. While initially interpreted with dimensions
[Energy x Acceleration], Eq. reveals it can be expressed as J - s X
m/s?—the product of action (S, in J-s) and jerk (the third time derivative
of position, in m/s®, denoted T from Tpwtotoybtnta). Thus J corresponds
to a static jerk tremendous term in the quantum-gravitational action S[®¢],
encoding the primordial universe’s dynamics, and motivates the definition of
a new unit:

hawking = [J.s] - [m/s"]. (372)

The constant of creation thereby appears as the static term in the real
component of Eq. , situated alongside dynamic terms arising from the
extreme phase transition in Eqs. and . This illuminates a deeper
aspect of quantum-gravitational decoupling: the decoupling jerk operator
acting on the extreme-field quiddity in Eq. generates both classical and
quantum phenomena. This action now corresponds to jerking the quantum-
gravitational action TS[@S], as modelled by Eq. (373)). This interpreta-
tion implies that, following an infinitesimal post-jerk interval beyond the
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Planckian regime, the action grows as the jerk subsides, eventually satisfy-
ing S > h—the hallmark of classicality. With every term in the creation
equation bearing the unit [Hawking] (hereafter H), the equation inherently
characterises the jerk dynamics of the primordial extreme-field action. This
framework consequently captures the primordial universe’s evolution, encod-
ing the quantum-to-classical transition via jerk attenuation and action am-
plification, expressed as:

The quantum-gravitational Lagrangian density Loq encodes the dynamics of
the extreme field, with dependencies on ®g¢, its derivatives, curvature terms,
and coupling constants.

From this analysis, the constant of creation emerges as the static term
arising from the jerking of the quantum-gravitational action during the ex-
tremisation phase transition:

=J. (374)

T/d4[L’ »CQG
static

This constant—henceforth interpreted as the quantum-gravitational jerk con-
stant—encapsulates the fundamental physics underlying all constants of cre-
ation. Consequently, all basic constants of the universe can be collectively
derived from J as follows:

The Quantum-Gravitational Jerk Constant = J = 2.175 x 10° H, (375)
J

Power of Creation = W = = = 7.257 x 10°* W, (376)
c
Force of Creation = FNyugr = % = 2.421 x 10N, (377)
c
Pressure of Creation = Ppygp = % =9.266 x 103 Pa, (378)
lp)
Primordial Extreme Acceleration = A = J = 1.112 x 10°2 m/ 5%,
MP162

(379)
Primordial Extreme Density = D = %lgpl = 5.155 x 10% kg/m®, (380)
Primordial Extreme Temperature = T = & =1.417x 102 K. (381)

B
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Egs. f together encapsulate the cosmic creation framework of
extreme field theory, according to which the Universe emerged from a pri-
mordial Planck black hole (PPBH) that underwent a quantum-gravitational
jerk of approximately 2.175 x 10°' H. At the extremisation threshold, the
PPBH exhibited a primordial density of 5.155 x 10% kg/m3, emitted an im-
mense power of 7.257 x 102 W—precisely double the Planck power Wp; =
® /G = 3.628 x 10°2 W—and attained a temperature of 1.417 x 1032 K.

This extreme configuration was driven by Newton’s Universal Extreme
Force, quantified as 2.421 x 10** N—precisely twice the Planck force Fp, =
/G = 1.210 x 10" N. This force generated Pascal’s Universal Extreme
Pressure of 9.266 x 1013 Pa, double the Planck pressure Pp = ¢'/(hG?) =
4.633 x 10'*3 Pa, and induced a primordial extreme acceleration of 1.112 x
1052 m/s”, twice the Planck acceleration ap; = 1/¢7/(hG) = 5.561x10°" m /s>,
These colossal Planckian quantities were fundamental to the creation of our
universe, culminating in the Jerk Tremendous that brought the universe into
existence [83,118,/128].

We now analyse Newton’s Universal Extreme Force, Fyyugr, defined in
Eq. (368]). As a result of quantum gravitational jerking, this force emerges
as a fundamental constant. The constancy of Fyygr requires that as the pri-
mordial extreme acceleration decays, mass-energy grows inversely to conserve
the force:

FNUEF = GH(t)Mpl AG_H(t). (382)

Eq. indicates that the primordial extreme acceleration decays exponen-
tially, A(t) ~ Ae #® whil the corresponding mass-energy grows exponen-
tially, M (t) ~ ) Mp,, ensuring that the force remains constant. We reserve
a detailed analysis of the evolution function H(t) for future investigation.
An alternative representation of Newton’s Universal Extreme Force is
given by
Fyupr =8 +35, (383)

where §~ may be associated with dark energy and the resulting accelerated
expansion of the universe. In this interpretation, a negative force density
manifests as negative pressure in the stress—energy tensor, thereby producing
a repulsive gravitational contribution. Dark energy can thus be viewed as a
field whose intrinsic negative pressure acts as a cosmological-scale repulsive
force, driving the universe’s acceleration. Both formulations, Egs. and
(383)), will be examined in greater detail in future work.
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Having established the constants of creation as emerging from the static
contribution of the equation of creation (Eq. ), we now consider its
dynamical counterpart. These arise from Planckian-scaled components gen-
erated by the quantum-gravitational jerk operator (Eq. (360)): the second
high-derivative term scales with h? (more generally A?*9 for some d that may
arise from derivative orders) and incorporates the postulated decaying terms
w from Eq. (348), together with a generalised noncommutativity correction
& for p? and C? from Eq. (both scaling with /?). Meanwhile, the purely
imaginary component 4 from Eq. scales with I (more precisely h**?
where ¢ originates from the operator ¢ in Eq. and the Planck mass
squared contributes an additional k). Acting collectively on ®¢, these con-
tributions are jointly defined as the Dynamical Cartan Field (DCF):

D ®s = |-G OOV + V¥(VuO)V2 + V*O({V.,, V2}) + & + 6] + i haGm?q| .
(384)

The dynamical Cartan field D decomposes into real and imaginary com-
ponents. The real h%-scaled part consists of higher-derivative dynamical
terms: El, I's) (spatial metric), V2 V,, and an abstract anticommutator
term ((V,V?)®¢ + V*(V,P¢)) arising from the product rule in Eq. (35I).
These are accompanied by the decaying-geometry operator <, which cap-
tures metric variations d,¢g“* from the first-order quantum-gravitational jerk
(Eq. ) that decay as the metric approaches constancy.

The correction & originates from the noncommutativity of p? and &
(Eq. ) If these operators commuted, 6 would vanish; their noncom-
mutativity thus forces its introduction. To preserve conventional ordering,
we define

W=7 [j’“f)Q, ég] s [55152, cﬂ . (385)

The imaginary component is exactly the operator & from Eq. @ , COT-
responding to the imaginary part of the equation of creation (Eq. (361)).
Acting collectively on ®¢, these elements together constitute D.

By construction, the dynamical Cartan field D in Eq. encodes purely
quantum effects and must therefore vanish in the classical limit, acting as an
annihilation operator on the extreme field:

lim D ®; = 0. (386)
h—0

In the Planckian inflationary epoch following the Jerk Tremendous, how-
ever, D becomes significant. Its higher-derivative terms—fundamental at
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this scale [89,/114]—together with its purely imaginary damping compo-
nent [34,35], govern the field’s dynamics. This mechanism smooths spacetime
geometry, contributes to renormalisation, and counterbalances the rapid ac-
celeration driven by Newton’s Universal Extreme Force (NUEF, Eq. (377)).
Consequently, it stabilises the exponential decay of the primordial accelera-
tion A (Eq. (379)) and the inverse growth of energy and mass (Eq. (382)),
thereby regulating cosmic expansion and enabling the transition to weak-field
physics and large-scale structure formation. A comprehensive analysis of the
full dynamics of D is reserved for forthcoming work.

Another aspect of the DCF is its conjectured non-torsion-free nature.
Should the field violate the lower-index symmetry of the Christoffel symbols
during the inflationary epoch, such that

I, #10,, (387)
then this asymmetry indicates both the presence of curvature and an interac-
tion with spin. The torsion tensor, which encodes this interaction, is defined
by the antisymmetric part of the connection:

T;V = ij — Fﬁu. (388)

Within this framework, the DCF integrates both spin and curvature, consis-
tent with the principles of Einstein—Cartan theory |165H167], which extends
General Relativity by incorporating torsion arising from the intrinsic spin of
matter. During inflation, the DCF is conjectured to have exhibited a pro-
nounced asymmetry—coupling preferentially to matter while partially de-
coupling from antimatter—thereby contributing to a secondary mechanism
for the observed matter—antimatter imbalance. The primary mechanism, es-
tablished in Subsection (3.6, arises from non-perturbative extreme-field asym-
metric tunnelling probabilities: matter tunnelling from the non-perturbative
primordial black hole interior is attenuated as eigen-Hawking radiation, while
antimatter tunnelling is enhanced as anti-eigen flux. Together, these two
mechanisms offer a complementary resolution to the matter—antimatter asym-
metry within the extreme-field framework.

The dynamical Cartan field (Eq. (384)) and the constant of creation
(Eq. (366)) thus unify the quantum-gravitational jerk with the subsequent
inflationary epoch. Their complementary mechanisms—the jerk driving the
emergence of the universe from the Planck scale, while damping stabilises
expansion—smooth spacetime, enable classicality, ensure matter persistence,
and guide cosmic evolution.
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4.7 Ansatz for an Asymptotically Free Gravitational
Universe

Extreme field theory concludes that the universe originated from a Jerk
Tremendous of an extremely negentropic primordial Planck black hole. This
framework, encapsulated in Eqgs. 7, is consistent with observational
evidence for a hot, dense Planckian origin followed by rapid expansion and
cooling [40,96}/126|,139].

This framework defines a Planckian-Fized Universe, in which the decou-
pling jerk operator exclusively decouples the universal gravitational constant
G (Eq. ) and annihilates quantum operators. While this elegantly de-
scribes cosmic emergence, the initial decoupling jerk operator (Egs. and
(338)) admits a complementary refinement—a partial decoupling of both G
and o, (p)—thereby achieving a unique separation of gravitational and quan-
tum effects. For this analysis, the operator must satisfy three conditions: it
must be third-order in derivatives; it must attenuate the quantum coupling
while inversely amplifying the gravitational coupling so as to preserve the
constants of creation; and it must uniquely invert the quantum component of
the gravitational conjugate Zn up to the covariant derivative. This derivative
completes the conjugate, and together they generate the d’Alembert opera-
tor—the mass-creating operator. We therefore posit the following ansatz for
the decoupling jerk operator:

7= () g (359

While this structure could generate additional terms beyond those in Eq.
through coupling derivatives acting on the field itself, in this subsection we
focus exclusively on the first classical static term—the constant of creation
defined in Eq. (366).

The physical justification for the decoupling jerk operator lies in its ac-
tion on the quantum-gravitational conjugate iha(u)0"V, (Eq. (321)). This
action decomposes the unified coupling a(p) = Za,(pu)a,(p) into distinct
gravitational (ay,) and quantum («,) components. The operator’s primary
role is therefore to disentangle these phenomena, isolating gravitational in-

teractions as:

Oalp) _G
8aq(u) o c g(:u)' (390>
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Furthermore, gravitational phenomena must exhibit asymptotic freedom.
By analogy with QCD—where quarks become free in the ultraviolet—gravity
must become free in the infrared, while preserving the constants of creation.

This requires:
GOolmay(n) G 1 G 1

 ag(i)  caglp) e Blay)
In quantum field theory, the beta function (Gell-Mann—Low function) for
the gravitational coupling is defined as

dag(p)
Olnp

(391)

Blag) = (392)
Originally formulated by Gell-Mann and Low [63] and widely used in quan-
tum field theory [49,/127], this definition has been extended to gravitational
interactions within the asymptotic safety framework |137,|158]. Since oy, (1)
depends on the energy scale pu, one can define—up to a constant Planckian
factor P—the relation:

01 oy (1)
Doy (1)

To complete the physical justification of the decoupling jerk operator
(Eq. (389)), we recall that at the extremisation phase transition, quantum
fluctuations extremised and converged to a continuum-like state. Mathemat-
ically, this is represented by the action of the integral operator [ daz* on the

=P Blay) " (393)

quantum component of the conjugate Z“, where integration over spacetime
embodies the transition of quantum fluctuations out of the quantum regime,
averaging their behaviour into a classical description that permits the negen-
tropic Primordial Planck Black Hole (PPBH) to converge into a single, intrin-
sically unstable state with extreme resistance to singularity formation. This
yields a natural response we term the non-perturbative eigen back-reaction,
originating from the self-action of the non-inverted covariant derivative and
reflecting its geometric invariance during the transition. At the Planckian
threshold, the covariant derivative encoded the emerging spacetime curva-
ture, now a classical entity. As quantum interactions ceased, the extreme field
assumed a classical PPBH state—analogous to a quantum Planckian particle
embedded in a curved spacetime. The non-perturbative eigen back-reaction
thus marked the precursor to the PPBH recoil, driven by the mass-generation
mechanism of the Klein-Gordon equation, where the operator V¥V, acting
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on the scalar field ®¢ (Eq. (352)) yields mass (Eq. (354)) as a manifestation
of this process.

Therefore, the action of the ansatzed decoupling jerk operator in Eq.
on the quantum operator 7 ¥, as introduced in Eq. , is modified by the
inverse of the beta function, according to Eqgs. (389), (391)), (392), and (393):

PG .,
Blay) 7

Applying Eq. (394) to Eq. (345)) shows the universe emerged with evolving,
not fixed, constants. For a primordial Planck black hole, the creation con-

stants in Eqs. (375)—(379)) scale inversely with the gravitational beta function:

J A% Fxeur
~ R ~ 7
(1) Blay)

Argv =

(394)

Blag)’
(395)

The infrared attenuation B(cy,) — 0 defines an Asymptotically Free Gravita-
tional Universe (AFGU), in which gravity completely decouples from quan-
tum fluctuations at large scales—explaining both its apparent weakness in
the quantum regime and its dominance in classical cosmology.

Moreover, the second-order quantum-gravitational term—defined by the
action of the ansatz decoupling jerk operator in Eq. on the third term
in Eq. (345)), which is of order a(p)?—persists as g — 0 because it yields
ag(p)/ay(p) ~ B(ay)~t. This ratio runs dynamically in the infrared and does
not vanish, as shown in Eq. (365)).

Furthermore, the AFGU framework may provide a natural resolution to
the cosmological constant problem [106,(159]. The problem stems from the
enormous discrepancy between the observed vacuum energy density and the
value predicted by quantum field theory. Observations yield

P ~ (1072 eV)?, (396)

while QFT vacuum fluctuations up to a UV cutoff scale Ayy yield

QFT 1 Avv 3 4
P > / B dk ~ Aby, (397)

which for a Planck-scale cutoff produces a discrepancy of order 1022,

In an AFGU, this discrepancy may be naturally alleviated. According to
Eq. (395]), the fundamental constants of creation evolve dynamically, scaling
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inversely with the gravitational beta function:

1

C(u) Bl
This behaviour becomes particularly significant when combined with the
dynamical acceleration that redefines Newton’s Universal Extreme Force,
Fyuer, in Eq. . This relation shows that the running acceleration dra-
matically suppresses the observed local energy scale via the tiny gravitational
beta function (o), offering a natural mechanism to neutralise Planck-scale
vacuum energy at cosmological scales:

A Fxugr 1
Blag)  Blay) Blay)
Therefore, in an AFGU, there is no true Planckian cutoff. As indicated
by Egs. (373) and (395, continuous gravitational jerks—remnants of the
Jerk Tremendous event—prevent the ultraviolet scale from reaching a strict

Planckian limit. Instead, this scale becomes gravitationally attenuated to an
AFGU effective cutoff:

AU~ aov [ [ PB(ag) et v, (400)

where the gravitational beta function has been integrated over all bosonic and
fermionic fields in the universe. This yields an averaged effective cutoff that
is expected to be far below the Planck scale. Consequently, the corresponding
effective QFT vacuum energy—analogous to Eq. —Scales as the quartic
power of this attenuated cutoff:

pe ~ (M) (401)
Under the ansatz of an AFGU, the contribution [[ P~ 8(«,) d¢® dy7 is para-
metrically suppressed. Consequently, its effect on the vacuum sector becomes
negligible, allowing the effective vacuum energy density to dynamically relax
toward the observed value given in Eq. .

This suppression stabilises the vacuum energy at Planckian scales, cir-
cumventing the large energy densities associated with microscopic volumes
while preserving translational symmetry. Crucially, it explains why cos-
mic emergence in the non-perturbative extreme field theory arises uniquely
from the Primordial Planck Black Hole (PPBH), a process prohibited in the
asymptotically free gravitational regime. Asymptotic gravitational freedom
thus provides a unified framework that simultaneously addresses inflation,
late-time acceleration, and the cosmological constant problem.

(398)

(399)
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5 Conclusion

The central achievement of this work is Extreme Field Theory—an effective
operator-based framework describing quantum-geometric corrections in black
hole interiors—wherein the metric and speed of light acquire operator-valued
structure, quantising geometry at high curvature and revealing an intrinsic
extreme-field noncommutativity. This induces a highly non-trivial quantum
spacetime geometry, fundamentally departing from the classical picture and
laying the groundwork for addressing the singularity problem. Recursive
feedback between the metric, its inverse, and the connection self-stabilises
the quantum differential structure, suggesting a seesaw-like mechanism that
dynamically prevents singularities.

Turning to the primordial universe, the theory predicts that primordial
black holes can arise acausally, preceding the causal pre-being fluctuations
traditionally assumed to generate them—provided such fluctuations follow
a nonlinear (non-Gaussian) distribution. This non-causal ordering thus pro-
vides the spacetime arena necessary for conventional fluctuations to occur.

In the perturbative regime—applicable both to acausal primordial black
holes and to contemporary astrophysical black holes—the quantum metric
exhibits a probabilistic quantum-geometric behaviour that preserves the un-
derlying spacetime structure. This feature allows for a consistent resolution
of the information paradox, as quantum-corrected escapable horizons, dis-
tinct from their classical counterparts, emerge and permit a non-vanishing
tunnelling probability for acausal anti-eigen flux excitations from the black
hole interior. In this regime, the tunnelling probabilities of standard Hawk-
ing radiation and anti-eigen flux are symmetric, thereby ensuring information
preservation and maintaining unitarity.

A primordial black hole saturating the lower boundary of non-perturbative
quantisation provides a sufficient initial condition for cosmic genesis. In this
non-perturbative phase, an intrinsic spacetime asymmetry emerges, such that
the creation rate of interior eigen-Hawking radiation exceeds that of standard
Hawking radiation. This imbalance drives the system along a negentropic
trajectory toward an increasingly ordered Planck-scale configuration, identi-
fied as the Primordial Planck Black Hole. Along this trajectory, an internal
asymmetry emerges: the extreme-field eigen-intrinsic asymmetry parameter
favours matter confinement, while antimatter deconfines via anti-eigen flux
tunnelling, predicting an accumulation of antimatter beyond the observable
horizon.
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At the Planckian extremisation threshold, tunnelling probabilities are
suppressed as quantum fluctuations extremise and discretisation effects con-
verge to a continuum, driving the system towards a deterministic, negen-
tropic, and intrinsically unstable state. This configuration consequently
necessitates an extremisation-induced phase transition leading to macro-
scopic structure formation. At this critical juncture, a quantum-gravitational
jerk—termed the Jerk Tremendous—occurs within the PPBH core, manifest-
ing as a violent recoil from the extremal Planckian configuration. This jerking
mechanism represents the quantum-gravitational disconjugation of the uni-
fied coupling, signalling gravity’s decoupling from the quantum regime, the
onset of inflation, and the birth of the Universe as an asymptotically free
gravitational system, naturally resolving the cosmological constant problem.
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